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This manual contains a collection of experiments in 


© SPECTROPHOTOMETRY © FLUORIMETRY 


© pH MEASUREMENT @ DISSOLVED OXYGEN 
MEASUREMENT carried out with a single instrument - 


SPECTRO-PLUS 








Spectro-Plus is a versatile multifunctional instrument 
with applications chiefly in life science related 
laboratories. As a tool for teaching in practical 
courses at universities and technical colleges its cost 
effectiveness is unmatched by any other device. As 

a UV spectrophotometer it is competitively priced; 
hence fluorescence, pH and oxygen measurements 
are gratuitous extras. Use the coupon below, send 
for the Spectro-Plus manual and see for yourself 
what is possible with this unique instrument 


The book contains an accurate record of 
experimental data from 25 experiments covering 
the four modes of Spectro-Plus 

It is of substantial general interest and although 


designed to assist every Spectro-Plus user it can 
stand on its own merits as a textbook of practical 
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biochemistry 


Copies are available direct from MSE, 
price £3 each, post free 
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To MSE Scientific Instruments, 
Manor Royal, Crawley, West Sussex, England. 


Please send me [_ ]copies of the Spectro-Plus Practical 
Experiments Manual. | enclose cheque value £ 
made out to MSE Scientific Instruments. 
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research of unusual and wide interest, 
not in general longer than 1,000 
words; at most they have three or four 
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occasional short discussion of papers 
that have previously appeared in 
Nature. There is a limit of 300 words 


Manuscripts may be submitted either 
to London or Washington Three 
typed copies should be submitted, each 
including lettered copies of figures. 
Typing (including references) should be 
double spaced. The title should be 
brief and informative. Pages should 
be numbered. References, tables and 
figure legends should start on separate 
pages. Experimental detail vital to the 
paper yet which would interrupt the 
narrative is best placed‘in the figure 
legends. Units should conform’to the 
Systéme International. Greek 
characters should be identified in the 
margin on their first appearance. 
Equations should occupy single lines 
if possible, exp (a) is preferred to e” 
if ‘a’ is more than one character. 
Articles should be accompanied by an 
abstract of not more than fifty words 
listing the main conclusions. 


References are indicated by super- 
scripts in the text. See any contemporary 
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(i) To refer to several references by the 
same author at once, only one reference 
number need be given. 


Gi) Cite first and last pages. 


Abbreviations should follow the 
World List of Sctentific Periodicals, 
fourth ed. (Butterworth, 1963-65). 
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and only published or soon-to-be- 
published volumes should be mentioned 
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author’s name and the figure number 
Line drawings to be in Indian ink on 
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similar materials: thin, shiny, torn or 
folded material should be avoided. 
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an inordinate amount of space Most 
figures are reduced to one column width 
so originals should be about as wide as a 
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particularly maps, to be edited in the 








































































only essential material. Ideally, an 
unlabelled original and a labelled copy 
should be provided: labelling on 
photographs should, if possible, be 
avoided entirely. Records, charts etc. 
which will not reproduce well should be 
redrawn or simply described in the text. 
We are always glad to see artwork for 
possible use on the cover, but cannot 
guarantee its return. 

In order to save on postal expenses we 
return only the top copy and artwork of 
manuscripts that we cannot publish. 

A fuller guide appeared in Nature 
(246, 238; 1973). 
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Too narrow-minded about energy? 


THE gilt text inscribed around the ceiling of Church House, 
Westminster, speaks of “true light”, ‘lending radiance” 
„and “enduring in the heat” (admittedly “of the conflict”). A 
highly appropriate setting for Mr Anthony Wedgwood 
Benn’s National Energy Conference last week, to which 
470 were invited and at which 56 spoke. 

Let it first be said that all those reasonable doubts that 
such an event could take place without degenerating into a 
shambles turned out to be unjustified, for which great 
credit to Mr Benn’s chairmanship (and not least his 
restraint in not intervening in the debate at’all himself) and 
to the speakers who never once exceeded their time limit 
But there’ is a world of difference between a well-ordered 
debate and open government; has Mr Benn done anything 
beyond ensure that all interested parties had a six-minute 
airing of the views? 

There is no doubt the meeting was valuable in mutual 
education terms; almost all attenders had at least the 
courtesy to sit and listen to all contributions rather than 
break up into factions in the corridor to discuss heaven 
knows what. But what can Mr Benn and his staff do as a 
result of it all that he couldn’t have done the day before? — 
for it can reasonably be assumed that he, as an exponent of 
open government, will have been familiar with all the 
points raised—even Sir Brian Flowers warning that the 
Royal Commission on Environmental Pollution will raise 
serious questions about living with plutonium, and even 
Mr Enoch Powell’s brilliant oratory against any form of 
energy policy-making as ill-conceived and pernicious. 

That Mr Benn and his department will have learnt little 
new from his conference is really the result of attempting 
to get too many things in focus in one day. The most in- 
congruous of them was the question of disconnections of 
electricity and gas for non-payment. This was a bandwagon 
tailor-made for union leaders to jump on to, and although 
it provided some stirring talk, it managed to confuse a 
conference convened to talk about energy policy by divert- 
ing attention to matters of social policy, which should not 
be within Mr Benn’s terms of reference. 

Another structural weakness of the day was the lack of a 
challenging position paper. Before the conference everyone 
had been flooded with documents representing the positions 
of every conceivable interest, but the Department of 
Energy had, it seemed, decided to maintain a low profile. 
Its agenda and discussion paper was little more than a 
list of subject headings—and even that was largely ignored 
by speakers. 

In hindsight, this was probably unfortunate. What was 
really needed was a major presentation, perhaps an hour in 


. energy experts. 


length and certainly well illustrated (not a slide was shown 
all day’), skilfully aimed at raising the more provocative 
issues and setting a more definite tone for the day. Perhaps 
Mr Benn will try this, as he undoubtedly has plans for 
future, smaller gatherings. 

But whatever the next move is that Mr Benn has up 
his sleeve, his eventual plans for the gas industry are 
likely to provide the most sensitive litmus of true ‘com- 
mitment to “open government”. When Lord Ryder stood 
up to dismiss as economically senselesss the calls for a 
competitive restrictive tariff on North Sea gas, he was 
not only supporting the gas industry itself, but also voicing 
the majority opinion among institutionally disinterested 
Lord Ryder’s reference to a 
version of the mad hatter’s tea party, and his warning 
of the dangers of a “wretched cartel with coal and 
electricity” will ensure one thing at least. If Mr Benn, 
often accused of a fondness for dogmatism, eventually opts 
for the recommendations of his political advisers and thus 
weighs down the nation’s only economically sound energy 
industry, he will need a convincing case to defend himself 
against allegations of blind adherence to doctrine. While 
some sympathy must be felt for the coal and electricity 
chiefs, struggling through a difficult period, on current 
analyses a gas tax provides a poor solution to their own 
dilemma, and a poorer answer to the nation’s broader, 
long-term energy problems. 

The difficulties of the gas industry perhaps underline a 
disturbing thread running through the day (and conceiv- 
ably the result of no strong position paper) the narrow- 
mindedness of most participants. An unspoken assumption 
seemed to be that self-sufficiency ın Britain was the aim 
and if we talked about energy in any international forum at 
all (and almost all didn’t) it was to be from a position of 
independence This was the much more explicit objective, 
two years ago, of Project Independence in the United 
States. It assumes that in the long run no foreigners are 
trustworthy. There is much danger in such chauvinism, 
which may go down well in some political circles but 
which could lead to some ridiculously expensive decisions 
being made in pursuit of xenophobia. 

Britain in general depends heavily on importing and 
exporting and is inevitably vulnerable to the capriciousness 
of suppliers of raw materials and food. But foreign policy, 
recognising no alternative to large-scale importing, is aimed 
at maintaining the appropriate good relations Should 
energy be an exception to be protected by vast expenditures 
in research, development and implementation? This is one 
issue we would like to hear Mr Benn speak more of. O 
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Genetic manipulation: guidelines issued 


The NIH ground rules for genetic manipulation experiments may not mark the end of an 
- unprecedented debate within the scientific community. Colin Norman reports from Washington 


AFTER two years of controversy and 

uncertainty, the National Institutes 
of Health (NIH) last week issued a com- 
plex set of guidelines governing the use 
of a powerful new technique for mani- 
pulating genes in living organisms. The 
guidelines establish safety rules for 
experiments which may revolutionize 
biology, but which also provide man 
with unprecedented ability to alter the 
characteristics of living things. They 
are, however, far from being the final 
word on whether, and under what cir- 
cumstances, such research should be 
allowed to go ahead, for they are al- 
ready being overtaken by events in 
some places. 

On July 7, for example, the City 
Council in Cambridge, Mass., will vote 
on a resolution, proposed by the Mayor, 
which would ban for two years all such 
experiments at Harvard and MIT. And 
months of bitter debate at the Univer- 
sity of Michigan have resulted in the 
adoption of regulations there which are 
more strict than those issued by NIH 
last week. The focus of the debate is 
clearly shifting from Washington into 
the university communities where the 
research will take place. 

Nevertheless, the NIH guidelines will 
provide important ground rules for 
genetic manipulation experiments in 
many institutions, and their impact will 
extend far beyond the borders of the 
United States, for they are likely to 
influence the establishment of guide- 
lines in many other countries. They 
have been developed by an extra- 
ordinary process of self-regulation by 
the scientific community. 

The process began in 1973, when 
scientists famuliar with the nascent 
technique began to worry about poten- 
tial hazards associated with its use 
Their concerns led a committee of the 
National Academy of Sciences to issue 
a public statement in July 1974, urging 
scientists around the world to defer two 
types of experiments until the hazards 
have been defined The moratorium 
lasted until last February, when it was 
partly replaced by general guidelines 
recommended by an international group 
of geneticists which met at Asilomar, 
California Then an NIH advisory 
committee, consisting of scientists, took 
centre stage It laboured hard during 
most of last year trying to cast the 
Asilomar guidelines into more specific 
rules, completing its task by hammer- 
ing out a set of complex proposals last 
December The proposals went to NIH 
Director Donald S. Fredrickson, who 


called a public meeting to discuss them, 
solicited the views of numerous scien- 
tists and non-scientists, and asked the 
advisory committee to reconsider some 
of its suggestions. The guidelines issued 
last week represent Fredrickson’s dis- 
tillation of the conflicting advice pre- 
sented to him 

They differ a little in detail, but not 
in philosophy, from the recommenda- 
tions of the advisory committee. They 
will allow most planned - experiments 
to go ahead, albeit under strict safety 
controls, outlawing only a handful of 
the more hazardous types of experi- 
ments They are, however, stricter than 


‘the Asilomar guidelines, a fact which 


Fredrickson suggested means that ‘“‘the 
research will go forward in a manner 
responsive and appropriate to hazards 
that may be realised in the future’’. 
And Dr DeWitt Stetten, Deputy NIH 
Director for Science and chairman of 
the advisory committee, argued last 
week that “the issuance of the guide- 
lines is in no sense an opening of 
the floodgates, rather it is a closing of 
the leaks (in the Asilomar guidelinesy’. 

Be that as it may, the guidelines are 
not even NIH’s final say on the matter. 
Their publication falls under the terms 
of the National Environmental Policy 
Act, which means that NIH must pre- 
pare an assessment of the potential 
impact of the research on the environ- 
ment A draft assessment should be 
ready by September, and since it will 
be opened up for public comments 
before being cast in final form, another 
round of discussion of the risks and 
benefits of the research is in store. In 
the meantime, the guidelines will take 
effect, governing NIH’s support of the 
research. 


New dimension 

Why have the guidelines taken so long 
to produce, and caused so much strife? 
The answer is that the research offers 
a spectacular mix of potential benefits 
and possible hazards, and it opens up 
an entirely new dimension in biology. 
The experiments consist, in short, of 
snipping genes from the DNA of any 
organism and splicing them into the 
DNA of another, perhaps entirely un- 
related, organism. The resulting mole- 
cule—a recombinant DNA molecule— 
is copied (cloned) each time the new 


host reproduces, producing large quan- 


tities of the transplanted genes. The 
technique offers a powerful tool for 
probing the working of genes and their 
arrangement in complex organisms and, 


more distantly, it may offer a means 
of constructing special micro-organisms 
for a variety of medical, commercial 
and industrial uses. 

But the worry is that the technique 
allows biologists to breach genetic 
barriers between species which have 
evolved over thousands of years. In 
short, it allows biologists to by-pass 
the processes of evolution. More 
specifically, foreign genes inserted into 
an organism may cause that organism ` 
to behave in a dangerous, and perhaps 
unpredictable, manner, The guidelines 
thus seek to ensure that micro-organ- 
isms bearing transplanted genes are 
contained in the laboratory. 

They spell out our levels of physical 
containment to be used in such experi- 
ments, designated P1 to P4, ranging 
from use of standard microbiological 
techniques (P1) to the use of specially 
equipped facilities akin to’ biological 
warfare laboratories (P4). And, as a 
second line of defence, they spell out 
three levels of biologica! containment, 
EK1 to EK3, which must be used for 
experiments involving the insertion of 
genes into a strain of the common gut 
bacterium E. coli—the organism which 
will be used for most experiments. The 
levels are as follows: 


@EKi—use of standard E. coli K12, 
a laboratory strain of E. coli which 
has been used for genetic experiments 
for decades Foreign genes are inser- 
ted into the bacterium by splicing 
them into a plasmid (a ring of bac- 
terial DNA which reproduces inde- 
pendently from the bacterium’s 
chromosomes) and reintroducing the 
recombinant into the bacterium, or by 
splicing them into the DNA of a bac- 
teriophage which then infects E. coli 
K12. 


©EK2—the use of specially mutated 
strains of E. cali or ‘bacteriophage 
which, according to laboratory tests, 
are virtually incapable of surviving out- 
side the laboratory so that the recom- 
binant DNA will have less than 1 in 
10™ chances of surviving in the natural 
environment. 


®EK3—the same as EK2 except that 
the survivability has been tested in 
animals, plants and other environ- 
ments. 


The guidelines assign specific physical 
and biological safety levels to various 
types of experiments on the basis of 
their potential hazards. (see box) They 
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also spell out safety’ rules for experi-, 
ments involving recombinants formed ` 


by splicing genes into the DNA of 
animal viruses, which are then grown 


in cell cultures to provide multiple: ' 
copies of the. foreign genes. The’ final, 


guidelines alter some of the contain- 
ment levels proposed by the advisory 
committee, but no substantial altera- 
tions have been made. 


Cautious approach 

How did Fredrickson arrive at his final 
decision when confronted with such a 
wealth of conflicting advice? His first, 
and most fundamental, consideration 
was simply whether the research should 
be allowed to go ahead at all, in view 
of the potential hazards The majority 
of the commentators on the guidelines 
recommended that it should, but he was 
advised to take an extremely cautious 
approach by two of the most eminent 
of the commentators, neither of whom 
intends to conduct experiments with 
recombinant DNA. 

Dr Robert Sinsheimer, chairman of 
the Department of Biology at Califor- 
nia Institute of Technology, argued in 
a letter to Fredrickson that the ‘experi- 
ments present a serious hazard if they 
breach the genetic barrier between 
higher organisms (eukaryotes) © 
lower organisms (prokaryotes). ‘‘One 
need not continue to spin out potential 
horror stories’, he wrote, “the point 
is that we will be perturbing, in a 
major way, an extremely intricate eco- 
logical interaction which we understand 
only dimly’. As for the guidelines 
themselves, Sinsheimer stated: “I can- 
not believe that under these proposed 
guidelines the organism can be con- 
tained. If the work is going on in a 
hundred laboratories about the United 
States, performed by ' technicians, 
graduate students, etc.; the organism 
will inevitably escape—and will enter 
into the various ecological niches 
known to be inhabited by E. coli.” He 
therefore proposed that all work with 
recombinant DNA ' should be per- 
formed under maximum containment 
conditions at a single institution in the 
United States, and that there should 
be an intensive effort to seek a micro- 
organism more suitable than E. coli 
for the work. ; 

The -other eminent, though more 
flamboyant, critic of the guidelines, 
Erwin Chargaff of Columbia University, 
recommended that all work on recom- 
binant DNA should be halted for at 
least two years to allow time for the 


hazards to be assessed Chargaff asked, 


in a letter published in Science, “Have 
we the right to counteract, irreversibly, 
the evolutionary wisdom of millions of 
years, in order to satisfy the ambition 
and the curiosity of a few scientists?” 

The advisory committee did not con- 
sider Sinsheimer’s or Chargaff’s pro- 


and 


‘Guidelines in detail 


The guidelines define four levels of physical containment, designated, in order of in- 


- creasing stringency, P1 to P4, and three levels of biological containment, EK1 to EK3, and 


assign experiments to them on the basis of potential risk. The following is a summary of 


containment levels specified for various sources of DNA. 


‘a, Shotgun experiments using E. coli as the host 


“ Non-embryonic primate tissue 
+; Embryonic primate tissue or germ line cells 
+ Other mammals 
|. . Birds 
Cold blooded vertebrates, non-embryonic 
i embryonic or germ line 
If vertebrate produces a toxin 
Other cold blooded animals and lower eukaryotes 
If Class 2 pathogen*, produces a toxin, or carries a pathogen 
Plants 


`> 'Prokaryotes that exchange genes with E. coli 
‘Class | agents (non-pathogens) 
Low risk pathogens (for example, enterobacteria) 
Moderate risk pathogens (for example, S. typhi) 
Higher risk pathogens 


Prókaryotes that do not exchange genes with £. cali 
; Class l agents 
Class 2 agents (moderate risk pathogens) 
‘Higher pathogens 


PRA 


P3-+-EK3 or P4+EK2 
P3+ EK2 
P3+EK2 
P3-+ EK2 
P2+EK2 
P2+EKI 
P3+EK2 
P2+EK1 
P3+EK2 
P2--EK1 


PI1+EK1 
P2--EK1 
P2+EK2 
banned 


P2+EK2 or P3+EK1 


P3+EK2 
banned 


” Inall above cases, if DNA is at least 99% pure before cloning and contains no harmful 
' genes, either physical or biological containment levels can be reduced one step. 


b. Cloning plasmid, bacteriophage and other virus genes in E. coli 


Animal viruses 
If clones free from harmful regions. ‘ 
' Plant viruses 
~ 99% pure organelle DNA, Primates 
other eukaryotes 
Impure organelle DNA: shotgun conditions apply. 


‘ Plasmid or phage DNA from hosts that exchange genes 
with E. cols 
If plasmid or phage genome does not contain harmful genes 
or if DNA segment 99 % pure and characterised 
Otherwise, shotgun conditions apply. 


Plasmids and phage from hosts which do not exchange genes 
with E. coli 
Shotgun conditions apply, unless minimal risk that recom- 
binant will increase pathogenicity or ecological potential 
of the host, then - 


P4+EK2 or P3+EK3 
P3+- EK2’ 

P3+EKI or P2+EK2 
P3+EK1 or P2+EK2 
P2+EKI 


PI+EK1. 


P2-+ EK2 or P3+-EK1 


NB. cDNAs synthesised ın vitro from cellular or viral RNAs are included in above 


categories. 


c. Animal virus vectors i 

Defective polyoma virus+ DNA from non-pathogen 

Defective polyoma virus+ DNA from Class 2 agent 
If cloned recombinant contains no harmful genes and host 
range of polyoma unaltered, reduce to 

Defective SV40+ DNA from non-pathogens 
If inserted DNA ıs 99% pure segment of prokaryotic DNA 
lackmg toxigenic genes, or a segment of eukaryotic DNA 
whose function has been established and which has pre- 
viously been cloned in a prokaryotic host-vector system, and 

. if infectivity of SV40 in human cells unaltered 


Defective SV40 lacking substantial section of the late region+ 


DNA from non-pathogens, 1f no helper used and no virus 
partıcles produced 

Defective SV40+DNA from non-pathogen can be used to 
transform established lines of non-permussive cells under P3 
provided no infectious particles produced. Rescue of SV40 
from such cells requires 


“d. Plant host-vector systems 


P2 conditions can be approximated by insect-free greenhouses, sterilization of Plant, 
pots, soil and runoff water, and use of standard microbiological practice. 


P3 conditions require use of growth chambers under negative pressure and routine 


fumigation for insect control. 


Otherwise, similar conditions to those prescribed for animal systems apply. 


*Classes for pathogenic agents as defined by the Center for Disease Control. 
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posals during its public meetings, but 
Fredrickson alluded to them in a 
lengthy statement published along with 
the guidelines. Recognising that the 
breaching of genetic barriers might 
pose a hazard, Fredrickson neverthe- 
less argued that the research can be 
controlled so that it is carried out 
safely. Noting that “the international 
scientific community . has indi- 
cated a desire to proceed with research 
in a conservative manner”, and that 
“most of the considerable public com- 
mentary on the subject, while urging 
caution, has also favoured proceeding”, 
Fredrickson pointed out that there is, 
in any case, no way to prohibit the 
research throughout the world. “There 
is,’ he added, “no reason to attempt 
it.” 

Having decided that there should be 
no flat proscription on the research, 
Fredrickson turned to some of the 
chief concerns raised by the critics of 
the guidelines. The most prominent 
concern arises from the fact that most 
work with recombinant DNA will take 
place with the E. coli K12 bacterium. 

, Since E. coli is a common inhabitant 

of the human gut, many observers 
have considered it a dangerous choice 
for the research. In particular, a group 
of scientists from the Boston area 
urged that a different host for trans- 
planted genes be developed, and that 
the use of E. coli be phased out as 
swiftly as possible. 

Fredrickson argues, however, that 
since the bacterium has been used for 
decades as the geneticists’ workhorse, 
there is extensive knowledge of its 
behaviour and, moreover, there is good 
evidence that it is unlikely to survive 
for long in the environment in com- 
petition with wild strains of E. coli. In 
other words, E. coli K12 itself provides 
a level of biological containment. “TI 
believe that because of this experience, 
E. coli K12 will provide a host-vector 
system that is safer than other sys- 
tems”, Fredrickson argued, and he 
declined to set a limit on when it 
should be phased out of the research. 

Another area of concern with the 
proposed guidelines centred on how 
they should be implemented, and that 
section has been extensively revised. 
The guidelines strictly apply only to 
research supported by NTH, and inves- 
tigators must comply with them before 
they can receive a grant. Some com- 
mentators suggested that principal in- 
vestigators be required to obtain in- 
formed consent from all laboratory 
personnel before proceeding with re- 


combinant DNA experiments, but 
Fredrickson opted instead for a 
requirement that the investigators 


simply inform all laboratory workers 
of the real and potential hazards 
associated with the experiments. 

The guidelines also require that each 


institution where recombinant DNA 
experiments will be conducted should 
establish a biohazards committee, to 
ensure that facilities meet specified 


requirements, training is adequate and 


so on. The advisory committee had 
firmly recommended that such com- 
mittees should not be responsible for 
determining the containment condi- 
tions for specific experiments, but 
Fredrickson deleted that prohibition, 
leaving the matter up to individual 
institutions. 


A final point concerning implemen- ' 


tation which is clearly worrying many 
people is that the’ guidelines do not 
apply to industry. Early last month, 
however, Fredrickson briefed officials 
from various industries on the guide- 
lines and received from them expres- 
sions of support for their intent and 
their general provisions. Some officials 
expressed reservations about specific 
items, however, such as the provision 
prohibiting large-scale experiments 
with recombinant DNA, and the Phar- 
maceutical Manufacturers’ Association 
has decided to convene a committee 
to review whether the guidelines are 
applicable to the drug industry. 


Effect of guidelines 


Now that these guidelines have been, 


issued, how do they affect academic 
scientists conducting, or hoping to con- 
duct, recombinant DNA experiments? 
First, they specify that many experi- 
ments should use EK2 or EK3 bio- 
logical containment, and until crippled 
micro-organisms which meet those cri- 
teria are available, such experiments 
should not be conducted. The advisory 
committee which drafted the guidelines 
is responsible for certifying whether 
crippled strains meet the criteria. 

A strain of E. coli produced by Roy 
Curtiss of the University of Alabama 
(called #1776) has been proposed as 
an EK2 system with two specific plas- 
mids (pSC101 and Col El-kan). Curtiss, 
who has built many crippling muta- 
tions into the bacteria in an effort 
which took the best part of a year, 
has provided the committee with 
reams of data on its survivability. Last 
month, a subcommittee voted unani- 
mously that the strain meets the EK2 
specifications, and the full committee 
is expected to approve it in the next 
few weeks. That would pave the way 
for many experiments. 

But a confusing situation has deve- 
loped with respect to two other can- 
didate EK2 strains. At its last meeting 
in April, the committee approved a 
strain of bacteriophage lambda, deve- 
loped by Philip Leder of NTH as an 
EK2 strain. But a subcommittee which 
met last month to consider a second 
candidate strain, developed by Fred 
Blattner at the University of Wis- 
consin, was divided on a matter which 
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affects both strains. In short, two sub- 
committee members refused to en- 
dorse the use of either phage as an 
EK2 system unless they are used in 
conjunction with crippled bacteria. 
The full committee will take up that 
thorny issue when it next meets in 


September. Cuntiss’s EF. coli strain, 
incidentally, is resistant to infection 
by phage A 


Many of the objections and reserva- 
tions which critics have levelled at the 
guidelines are now beginning to crop 
up in local debates in and around the 
universities where the research will be 
conducted. In that regard, the situa- 
tion brewing in Cambridge, Mass., 
may be an indication of things to 
come It began quietly a few months 
ago, when some researchers at Harvard 
proposed that a laboratory, meeting 
P3 requirements, be established in the 
Harvard Biology Labs. The facility, 
which would cost some $350,000, 
would have involved converting some 
existing laboratory space, and the in- 
tent was to undertake a variety of 
work in it, including some recombinant 
DNA experiments. 

The proposal met with opposition 
within Harvard, however, largely be- 
cause the biology labs are old, infested 
with cockroaches and with a species of 
ant which has so far evaded attempts 
at eradication. In short, critics sug- 
gested that the building is unsuitable 
for a P3 facility. Their criticisms 
broadened into an assault on the pro- 
posal to conduct recombinant DNA 
experiments at Harvard, however, and 
the dispute spilled over into the city 
when the matter was reported at 
length in Boston’s weekly newspaper. 

Approval of the laboratory by the 
Harvard authorities was all but assured, 
since the concept had been endorsed 
by a biohazards committee, Harvard’s 
Committee on Research Policy, and 
the Dean of Arts and Sciences. But, 
when he read about the dispute in the 
newspapers, Cambridge city Mayor 
Alfred Velucci stepped in. He called 
a council meeting on June 23—ironic- 
ally the day the NIH guidelines were 
issued—to discuss the matter, and a 
string of scientists testified about the 
potential hazards and benefits of re- 
combinant DNA research By all 
accounts, the atmosphere was highly 
charged, and there was considerable 
heated discussion. 

The matter has mow gone well 
beyond the issue of whether the 
laboratory should be built, however, 
for Velucci has introduced a resolution 
which would prohibit all recombinant 
DNA experiments in Cambridge— 
even those deemed to have minimal 
risk—for two years. The council will 
vote on the resolution on July 7, and 
the outcome will be closely watched 
around the country. 
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news and views 





Prediction of volcanic activity and climate 


from P. M Kelly and H. H. Lamb 


CuRRENT interest in climatic change 


has stemmed from the growing 
awareness that man’s activities are 
everywhere circumscribed by his 


environment, and in particular, by the 
vagaries of climate. The fluctuations 
of weather and climate in most parts 
of the world have been increasingly 
troublesome in the past 20-25 yr. This 
has happened partly because of an 
apparently real increase in the vari- 
ability from year to year, or from one 
group of about 5yr to the next, which 
has affected the Indian monsoons and 
temperatures and rainfalls in middle 
latitudes of both hemispheres, and 
partly because the growth of popula- 
tion and the rationalisation of agricul- 
ture towards specialisation in one-crop 
economies in various regions has in- 
creased vulnerability to weather. Chi- 
matic change has provided a control 
on human affairs in certain regions in 
the past and now, with the ever in- 
creasing economic interdependence of 
nations, its effects must be considered 
in future planning in all spheres— 
industrial, social and economic, Unfor- 
tunately this need for climatic fore- 
casts cannot yet be adequately catered 
for by meteorologists or climatologists, 
who are still trying to determine the 
causes of climatic change by study of 
the limited climatic record. 

In recent years much evidence, both 
theoretical and observational, has been 
put forward suggesting that the amount 
of volcanic dust in the upper atmos- 
phere may be the major control of 
climatic change during the postglacial. 
Stratospheric dust effectively reduces 
the amount of solar energy reaching 
the Earth’s surface where this energy 
is made available-to the atmospheric 
circulation and variations in the 
amount of this pollutant, caused by the 
varying frequency and. magnitude of 
explosive volcanic eruptions, may pro- 
duce corresponding fluctuations in the 


nature of the atmospheric circulation 
and climate. If this hypothesis is cor- 
rect, prediction of climate will first 
necessitate prediction of volcanic acti- 
vity. Although great steps are being 
taken in the forecasting of volcanic 
activity on time scales of days, predic- 
tion of volcanic activity on time scales 
of years and decades has been consi- 
dered a remote possibility (and perhaps 
considered by many a distinct 
impossibility). 

In last week’s issue of Nature, 
Roosen et al. (261, 680; 1976) 
attempted to determine one cause of 
fluctuations in volcanic activity on 
time scales of centuries and provided 
a possible tool for the forecasting of 
tectonic activity and climate. They 
postulate that changes in the degree of 
tectonic activity may arise from varia- 
tions in the rate of change of lunar 
tidal stress effects on the Earth’s core 
and crust. Calculation of the long term 
variation of the tidal stress reveals a 
cycle of about 179 yr due to resonance 
effects arising from shorter period 
variations in the lunar orbit. There are 
many references to a cycle of about 
this length in the literature concerning 
climatic change, although in most cases 
the length of record analysed has been 
too short to evaluate the statistical 
significance and precise period of this 
fluctuation; its existence is not well- 
established Spectral analysis of the 
Camp Century, Greenland ice core 
50” record reveals a cycle of about 


_180yr and Roosen er al. claim that 


13% of the variance of the ôO" record 
can be explained by the derivative of 
the tidal stress curve during the period 
ADI200 to api970. The correlation 
breaks down during the periods an1420 
to ad1530 and ap1650 to ap1700, an 
effect which the authors tentatively 
attribute to dominance of the effect of 
the exceptionally low degree of solar 
disturbance during those spans of 


years. . 

Roosen ef al. note that a cycle of 
about 180 yr has been observed in 
variations in solar activity, thereby 
providing an alternative explanation 
for this variation in climate. Therefore, 
before the climatic cycle of 180 yr can 
be used for forecasting purposes, it is 
essential that its existence be confirmed 
by analysis of other long climatic 
records and that its cause, solar and/or 
tectonic, be defined. 

Research related to the past record 
of climate and the apparent causes, 
and rapidity, of climatic fluctuations 
and changes is being undertaken by 
scientists in many fields other than 
climatology. This is providing a great 
stimulus with many opportunities of 
increasing knowledge and verifying 
diagnoses as new data and new tech- 
niques of measurement and analysis 
are put forward. It is important that 
collaboration between workers in all 
the fields involved in the study of 
climatic change be initiated and fos- 
tered. A multidisciplinary approach is 
needed, both to compile the evidence 
of the facts of the past climatic record 
and to solve the problems of the causes 
of climatic change, which seem to 
extend from the Earth’s core to the 
Sun (and, on the longest time scales, 
to the Galaxy beyond). Only from the 
work of organisations, ranging from 
the powerfully equipped mathematical 
laboratories of he atmospheric, 
oceanographic and Earth sciences to 
academic institutes and meetings where 
diverse specialists can be brought to- 
gether, will the knowledge and under- 
standing needed to develop sound 
advice on probable future climatic 
development be attained The spe- 
cialists will include agriculturists and 
forestry research workers, palaeo- 
botanists, geologists and, in some 
cases, archaeologists and interpreters 
of ancient texts and inscriptions. © 
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Activation analysis 
in vivo 


from Kerth Boddy 


The Second East Kilbride Con- 
ference on Progress and Problems 
of In vivo Activation Analysis, 


organised by the Scottish Universi- 
ties Research and Reactor Centre, 
was held on April 6-9, 1976. 





DELIBERATE induction of radioactivity 
in animal tissues was reported in 
Nature almost 27 yr ago and some 
12 yr have passed since the feasibility 
of in vivo neutron activation analysis 
in man was demonstrated. The tech- 
nique involves exposure of the total 
body or the relevant region of the 
body, such as the thyroid, liver, spine 
or limb, to a low dose of neutrons and 
measurement of either the induced 
radioactivity or the prompt gamma 
rays emitted during irradiation. Total 
body in vivo neutron activation analy- 
sis (TBIVNAA) is a unique method 
providing direct and simultaneous 
measurements of the total body con- 
tent of calcium, phosphorus, nitrogen, 
sodium and chlorine. Similarly, there 
are partial body methods (PBIVNAA) 
for determining the total thyroid con- 
tent of iodine, calcium and phosphorus 
in sections of bone or cadmium and 
copper in the liver. The reproduci- 
bility of measurements is generally 
24%, permitting the detection of 
relatively small changes in body com- 
position due to disease or treatment, 
the patient being examined on an out- 
patient basis. 

It was clear from the increasing 
number of centres using, or proposing 
to use, in vivo activation analysis and 
from the wide range of clinical applica- 
tions described at the conference that 
the potential of the technique in medi- 
cine is being realised. Several groups 
are using TBIVNAA in examinations 
of osteoporosis, osteomalacia, renal 
failure, hyperparathyroidism and en- 
docrine dysfunctions. Regional mea- 
surements of calcium in bone are being 
made in some of these disorders and 
of thyroid iodine in hyperthyroidism 

The facilities at Brookhaven National 
Laboratory, New York, comprising 14 
sources each of 50CiPu-Be distri- 
buted along the anterior and posterior 
body surfaces for irradiation and the 
sophisticated whole-body counter using 
54 sodium iodide detectors, were dè- 
scribed by S. H. Cohn A wide variety 
of clinical studies are in progress: in 
thalassaemia, for example, gross de- 
pletion of skeletal calcium (50%) has 
been measured. 


J. H. Fremlin (University of 
Birmingham) and his colleagues use a 
cyclotron for clinical measurements 
involving delayed gamma-ray emission 
and also for prompt gamma-ray ana- 
lysis of total body nitrogen using 
hydrogen as an internal standard, as 
well as for the detection of cadium in 
liver. In regional analyses, spinal 
calcium is measured. The feasibility 
of determining copper and ion in liver 
in pathological situations has been 
demonstrated using PBIVNAA, and 
preliminary studies of their measure- 
ment by nuclear resonance fluore- 
scence were described. 

W. B` Nelp (University of Washing- 
ton) and H. E. Palmer (Battelle North- 
west Laboratories, Washington) and 
coworkers also use a cyclotron in a 
wide range of clinical studies. The 
technique of measuring total body 
calcium using the reaction *°Ca (n,a) 
“Ar, first demonstrated by Palmer, in 
which the exhaled gas is collected, 
purified and counted in proportional 
counters, is now in clinical use. To 
measure calcium alone, smaller radia- 
tion doses can be used and whole-body 
counting is not required. This techni- 
que has also been adopted at Birming- 
ham and at the Memorial Sloan Ket- 
tering Cancer Center, New York (J. S. 
Laughlin). The rate and completeness 
of exhalation of “Ar has been 
examined in detail by several groups. 
Although the exhalation pattern found 
was obviously complex, there was pre- 
liminary evidence that the technique 
was reproducible and could estimate 
total body calcium quantitatively in 
man. 

The Medical Research Council 
cyclotron at Hammersmith Hospital 
is used by T. Spinks and colleagues 
for similar studies, and in some cases 
they measure calcium in the hand and 
the rate of removal of induced 7*Na. 

In the system used at the University 
of Toronto by K. G. McNeil and J. E. 
Harrison, 12 sources each of 5 Ci of 
Pu-Be are distributed only about the 
thorax and lumbar region of the 
patient, precluding absolute measure- 
ments of total body content. But 
calcium and sodium indices have been 
derived, relating the expected counting- 
rates of these elements to body habitus, 
and the measured counting rate in the 
patient is compared with that expected 
as an indicator of normality. This 
approach has been used in various 
clinical disorders. Measurement of 
nitrogen in vivo is also being attempted 
by the prompt gamma-ray method. 

At East Kilbride, K Boddy’s group 
uses scanning irradiation with two 
sealed-tube 14-MeV neutron generators 
and a scanning shadow-shield whole- 
body counter for TBIVNAA. Changes 
of body composition in rheumatoid 
arthritis during treatment with non- 
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steroid analgesics and with cortico- 
steroids have been studied. The nuclear 
reactor is used to measure the thyroidal 
content of iodine in hyperthyroid 
patients, as M. J. Hooper (Western 
Infirmary, Glasgow) reported. A tech- 
nique of “compound irradiation” with 
mixed neutron beams has been de- 
veloped to improve the uniformity of 
activation in partial body calcium 
measurements. 

A facility using two californium-252 
neutron sources each of 200 ug for 
partial body in vivo neutron activation 
analysis, developed by the East Kil- 
bride group, is being used for clinical 
studies by M. A. Smith and colleagues 
at the Western General Hospital, 
Edinburgh. A much larger californium- 
252 source of 3 mg is used by A. D. 
LeBlanc and colleagues at Baylor 
College and the NASA/Johnson Space 
Centre, Houston, in a facility for 
measuring regional changes in skeletal 
calcium in man and whole-body 
measurements of small animals. A 
facility described by B. Mazière (CEA, 
Orsay), uses two sources each of 200 
ug of *’Cf together with four sources 
each of 10Ci of 7*Pu-Be for the 
simultaneous measurement of calcium 
and phosphorus in the hand. 

Many participants felt it was desir- 
able to be able to compare directly the 
results from different centres. A pro- 
posal by Palmer to establish an inter- 
national intercomparison, based on 
anthropomorphic phantoms containing 
human skeletons, to be measured 
“blind” by the various groups and sub- 
sequently analysed chemically, was 
received enthusiastically. Palmer and 
Boddy were appointed co-chairmen 
with the task of establishing the inter- 
laboratory comparison. g 


Influence of grazing 


from Peter D Moore 


Some controversy surrounds the degree 
of influence exerted by man’s grazing 
animals on the vegetation of the arid 
parts of the world. There is much room 
for argument and speculation. simply ` 
because there is a paucity of factual 
information, particularly regarding the 
history of vegetation development. The 
processes at work have taken consider- 
able periods of time—many millennia 
in the case of the Middle East—and the 
separation of climatic and anthropo- 
genic influences often proves impos- 
sible in attempts to assess the under- 
lying factors which have determined 
the structure and composition of ex-. 
tant vegetation Some effort has 
recently been made to approach the 
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problem from the point of view of ex- 
cluding grazing animals and observing 
the development of plant communities 
within exclosures. But at best, such 
experiments will take many decades 
before any important conclusions can 
be drawn, and it is possible that some 
species will no longer be in a position 
to reinvade such experimental plots. 

The problems faced in such places 
as North America and Australia are 
rather different from those of the Old 
World in that the history of man’s 
pastoral activity is much shorter and is 
generally well documented. In such 
conditions there is a better chance of 
elucidating any changes in vegetation 
which have occurred during this time 
One approach which has recently been 
used is the analysis of population age 
structure in selected arid shrubs. If 
grazing pressures have severely influ- 
enced seedling survival, it should. be 
possible to demonstrate that the 
yqunger shrubs are present at lower 
densities than would be expected for 
the maintenance of overall population 
levels. Crisp and Lange (Oikos 27, 86; 
1976) describe just such a study which 
they have undertaken on the shrub 
Acacia burkittii at Koonamore Station, 
a sheep-grazing area of southern 
Australia 

Sheep grazing began at Koonamore 
in the 1860s at a density of 0.4 sheep 
ha, and it ds recorded that within 
50 yr the vegetation had become badly 
degraded. In 1925 an area of this range 
(400 ha) was fenced to exclude rabbit 
and sheep grazing and studies of con- 
sequent vegetation change have been 
carried out. Some permanent plots 
were marked out and within these the 
Acacia burkittii has become estab- 
lished. As a result precise ages are 
known for several of these shrubs. On 
the basis of this knowledge, Crisp and 
Lange have produced a linear regres- 
sion of a bush size index (height plus 
diameter) against age. Even in the 
absence of annual growth rings this 
permits the estimation of shrub age on 
the evidence of its size, though data are 
available only for shrubs less than 
42 yr old. Similar calculations were 
made for a stem girth/age relationship 
and it was assumed that a linear extra- 
polation could be made from this to 
estimate the ages of the older shrubs 
(maximum calculated age was about 
250 yr). 

These figures can be used for the 
_examination of the age structure of 
Acacia populations, and this has been 
done both in regions with almost a 
century of sheep grazing in their 
history and also in those which have 
experienced no sheep grazing, but only 
that of rabbits. Population histograms 
from all sites examined show high fre- 
quencies of shrubs of a century in age, 
but lower frequencies of younger 


shrubs. In a stable situation we would 
expect younger individuals to be at 
least as frequent as older ones up to 
the development of senescence. Re- 
duced frequency of juveniles can often 
be correlated with the commencement 
of sheep grazing in the latter part of 
the nineteenth century, though rabbit 
grazing presents a complicating factor. 
In one site where there has been no 
sheep grazing, but only rabbit grazing, 
there is still a reduced frequency of 
shrubs in the 25-50yr age group. 
Where grazing has been maintained to 
the present, the occurrence of Acacia 
shrubs less than 50 yr old is very low, 
or such juveniles are absent. Where 
sheep grazing was curtailed in 1925, 
there is a high frequency of young 
individuals, in spite of continued rabbit 
grazing. , 

There are several possible explana- 
tions for the form of these histograms 
apart from the sheep grazing effect. It 
is possible that a change in a climatic 
factor about 100 yr ago reduced the 
survival potential of Acacia burkittii. 
Crisp and Lange claim that reproduc- 
tion in this shrub is not significantly 
affected by rainfall, but it is possible 
that the population of a natura! pre- 
dator of the seeds or seedlings, verte- 
brate or invertebrate, may be so in- 
fluenced. There is also a possibility that 
Acacia burkittii is not a climax adapted 
species, but occupies a temporal niche 
in a successional development. There 
are many instances on record of species 
which invade and may even dominate a 
habitat for several decades during the 
course of succession but which fail to 
maintain viable populations in com- 
petitive conditions. For example, birch 
(Betula pendula) in temperate Euro- 
pean forests invades areas after catas- 
trophes and produces even aged popula- 
tions. Twenty or 30 yr after invasion, 
the age structure of the population 
would look very similar in its basic 
shape to that of Acacia, for seedling 
establishment under a birch’ canopy is 
very poor in this species. Some succes- 
sional dominants, such as Typha 
latifolia (McNaughton, Ecology, 49, 
367: 1968) secrete compounds which 
directly inhibit seedling germination 
which has the advantage of reducing 
self-competition. 

Such alternative explanations, how- 
ever, do not explain how the removal 
of sheep grazing can so profoundly 
increase the recruitment of new seedl- 
ings into the Acacia populations By 
far the simplest explanation is the one 
propounded by Crisp and Lange, that 
the introduction of sheep grazing in 
addition to natural predation and in- 
creasing rabbit predation, has placed 
an unacceptable demand on the regen- 
eration potential of Acacia burkittii. 
The forecast from this data is that as 
time proceeds and older shrubs senesce 
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and die, there will be little or no re- 
placement and Acacia will become 
scarce. The implications of this for the 
general ecology, hydrology and pedo- 
logy of these areas are of course un- 
known. o 


Purine and pyrimidine 
metabolism 


from A. C. Allison 


A symposium on Purine and Pyri- 
midine Metabolism was held at the 
Ciba Foundation on June 9-11. The 


proceedings will be published early 


in 1977 by  Elsevier/Excerpta 
Medica/North Holland. 





So FAR most effort has gone into map- 
ping metabolic pathways and their 
genetic control, and detailed informa- 
tion about purine synthesis in bacteria 
and fungi is now available. Much less 
is known about control in mammalian 
cells, but inherited deficiencies of 
enzymes of purine metabolism continue 
to yield interesting information. It has 
been known for some years that de- 
ficiency of thypoxaxthine-guanine phos- 
phoribosyl transferase leads to exces- 
sive uric acid excretion and abnormal 
function of the central nervous system, 
including compulsive self-mutilation. 
This enzyme catalyses one of the 
salvage pathways of purine synthesis: 
the other depends on adenine phos- 
phoribosyltransferase, and the clinical 
manifestations of deficiency of this 
enzyme in three patients, belonging to 
two families, were described by A. 
Simmonds (Guy’s Hospital, London), 
working in collaboration with K. J. 
van Acker (Antwerp) and P. Cartier 
(Paris). In these patients adenine can- 
not be reutilised and is metabolised to 
2,8-dihydroxyadenine which, being very 
insoluble, crystallises in the urine. The 
resulting stones can be confused with 
uric acid stones. The children have no 
neurological defect and respond well 
to allopurinol treatment. 

Other inherited defects of purine 
metabolism are associated with im- 
munodeficiency Purine nucleoside 
phosphorylase deficiency affects mainly 
thymus-dependent lymphocytes, where- 
as adenosine deaminase deficiency 
affects bone marrow-derived lym- 
phocytes as well. W. N. Kelley 
(University of Michigan, Ann Arbor) 
reported that adenosine deaminase is 
present in a highly active small form 
(molecular weight 36,000), an inter- 
mediate form (114,000) and a large 
form (298,000). In human lymphocytes 
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stimulated by mitogens F. Hovi 
(University of Helsinki) has found an 
early and sustained increase in de novo 
purine synthesis, and immunosuppres- 
sive drugs such as azathioprine and 
methotrexate inhibit this pathway. 
These and other observations raise 
the possibility that purines can control 
not only purine synthesis (already well 
established) but also pyrimidine syn- 
thesis and even nucleic acid and pro- 
tein synthesis. For example, when 
purine nucleotide levels in mammalian 
cells fall, nucleolar polymerase A 
activity declines and precursor ribo- 
somal RNA is no longer synthesised. 
ADP-ribosylation of proteins may re- 
present a major controlling system. 
Another new idea that was discussed 
was the role of purines, especially ATP 
and adenosine, as neurotransmitters. 
This was enthusiastically expounded by 
G Burnstock (University College, 
London) and could have important im- 
plications in neurological diseases 
related to purine metabolism. o 


Magnetic dating 


from a Correspondent 


For more than two decades, palaeo- 
magnetists have been studying the mag- 
netisation of rocks in order to construct 
polar wandering curves and to define 
the nature of recent secular variations 
of the geomagnetic field. Although this 
work is far from complete, the interest 
within the subject is turning increas- 


ingly towards using such observations. 


in reverse, that is to use the magnetic 
properties of sediments, archaeological 
artefacts and so forth, as means of 
dating the different processes which 
have affected these materials by com- 
parison with the increasingly well 
established magnetic chronology. This 
changing emphasis has been indicated 
by two recent meetings in the Depart- 
ment of Geophysics and Planetary 
Physics at the University of Newcastle 
upon Tyne. One was concerned with 
the possible application of palaeomag- 
netic techniques to sedimentological 
problems (held on May 14) and the 
other (held on January 8-9) with the 
status and development of the appli- 
cation of the same techniques within 
archaeology. 

The meeting of geological interest 
was concerned chiefly with the forma- 
tion of haematite within sandstones. It 
is well known that it takes some 5 to 
10 Myr for rock debris in modern 
desert environments to change in 
colour to the reds associated with 
ancient desert sediments. B. Waugh 
(University of Hull) reported evidence 


on the different reactions involved in 
this breakdown, which has obvious 
implications for the time at which the 
haematite is formed and therefore the 
actual date of the. magnetisation 
compared with the rock itself. Many 
red sediments seem to carry a magnet- 
isation which is unrelated to this 
coloration as the pigment is too fine 
grained, but D W. Collinson (Univer- 
sity of Newcastle upon Tyne) presented 


convincing evidence that in some red ° 


beds, the stable magnetisation is associ- 
ated with the red pigment rather than 
detrtal particles. Studies of Devonian 
sediments from Scotland, described by 
F. Turner (University of Aston) and 
R. Archer (University of Newcastle 
upon Tyne) showed that haematite 
formation in such desert sediments 
can be delayed for as much as 100 
Myr, the diagenetic changes presum- 
ably being inhibited by a high initial 
organic content. If this is so, then mag- 
netic dating of the formation of the 
haematite may also provide the age at 
which the release of liquid hydrocar- 
bons from these lacustrine sediments 
finally ceased. 

M. Noel (University of Newcastle 
upon Tyne) discussed the -way in 
which the magnetic remanence and 
fabric change during deposition, thus 
leading to an improved understanding 
of the sedimentological processes and 
determining the original fabric of a 
rock before it is compacted and sub- 
jected to tectonic stresses. There was 
also -some discussion of the way in 
which palaeomagnetic techniques could 
assist in the dating of dolomite forma- 
tion (M. Tamar-Agha, University of 


Newcastle upon Tyne) and the identi- 


fication of past environments, such as 
the determination of current flow when 
more standard markers are absent 

The archaeological meeting was 
initially concerned with instrumental 
developments, reported by participants 
from the University of Newcastle upon 
Tyne, that now make possible much 
faster measurement of the remanence 
(L. Molyneux) and other magnetic 
properties of materials (A. de Sa), but 
also mean that a wide range of 
materials (D. H. Tarling) previously 
regarded as virtually non-magnetic, 
can be examined for their potential use 


in archaeomagnetic studies. Results - 


from Bulgaria (M. Kovacheva) and 
Japan (K. Hirooka) were particularly 
interesting as they seem to.indicate a 
synchroneity of behaviour in both 
areas. If this is confirmed, it suggests 
that a significant part of the secular 
variation of the geomagnetic field is 
attributable to 500 and 1,500-year 
wobbles of the main dipole. R. Thomp- 
son and N. Abrahamsen (Universities 
of Edinburgh and Aarhus, respectively) 
described studies of sediments, parti- 
cularly in present-day lakes, which sug- 
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gest that other components of secular 
variations are very localised and not 
attributable to the westward drift of 
the non-dipole field. 

The meeting, however, was not so 
concerned with the implications of 
these studies for the origin of the 
Earth’s magnetic field, but mainly with 
the ways in which sediments, although 
not ideal recorders, can be used to 


. monitor geomagnetic changes and thus 


can be used. for archaeomagnetic dat- 
ing. One surprising feature was that 
sand-sized sediments seem to be better 
recorders than fine clays over achaeo- 
logical time, as A J. Clark (Ancient 
Monuments Laboratory) reported, al- 
though the opposite seems to be true of 
geological deposits. There was discus- 
sion of the implications of geomagnetic 
changes on the climate (N.-A. Mörner, 
University of Stockholm) and produc- 
tion of “C (J Klein and H. Tauber, 
Universities of Pennsylvania and 
Copenhagen, respectively). Some cor- 
relations seem to exist, but it is difficult 
to determine how these processes inter- 
act with each other. Changes in the 
total magnetic moment of the Earth 
should only have minor affects on the 
“C inventory and it seems possible that 
any climatic response to changes in the 
height of the ionosphere may be the 
main agent in varying the interchange 
of carbon between its different 
reservoirs. 

Both meetings tended to con- 
centrate on the significance of the 
increased use of sediments in palaeo- 
magnetic studies. There are obviously 
major problems in understanding the 
‘complex processes involved during 


deposition and it will be increasingly 
possible to study such behaviours mag- 
netically, but it is also obvious that 
extreme care has to be taken in the use 
of sedimentary magnetisation for pre- 
cise determination of previous geomag- 
netic properties. o 





A hundred years ago 


WE publish below a correspondence 
which we cannot but regard with the 
greatest satisfaction; Government has 
at last seen it to be its duty to act 
upon the recommendation of the 
Duke of Devonshire’s Commission, 
and make a substantial contribution 
towards the endowment of pure 
scientific research. We need scarcely 
remind our readers that from the 
first we have maintained that such 
endowment is the duty and interest 
of civilised states. 


from Nature, 14, 185, June 29, 1876 
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200 years of American science 





Reflections on 200 years 


of science in the United States 


Nathan Reingold 
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In spite of its obvious importance today, the history of the 
sciences in the USA is usually neither the subject for research 
nor part of courses taught by non-American historians. Nor 
is this history known and understood, particularly in 
Europe. This is in marked contrast to an avid interest in 
current US science policies and developments, which cannot 
be wholly explicable without an understanding of their 
historic origins. Broadly speaking, these origins are US 
variants of certain western European traditions resulting, as 
it were, in cults of knowledge, nation, and people. Science 
and scientists have flourished, but uneasily, in the resulting 
environment, 





EARLIER this year a British historian of science wrote to me to say 
he was giving a few lectures on the institutional history of 
American science before 1914 in his course. I was astonished. 
Hardly any non-American historians do research or display 
interest in science in the USA; presumably their courses 
reflect this. An East German has a few pieces dealing with 
astronomy; a Dutch historian this year published an article on 
a nineteenth century American physicist; a few years ago, 
British geologists did a multi-volume history of geomorphology, 
a field they defined as overwhelmingly derived from US 
geologists. 

In contrast, there is no shortage of writings and courses 
outside the USA on science policy or sociology of science with 
strong emphasis on recent events in America. Nobel Prizes are 
counted, statistics marshalled, and very current trends analysed. 
In this dispensation, science in the USA starts with a con- 
temporary occurrence—the Mansfield Amendment, Sputnik 
overhead, the atom bomb, or the arrival of refugees from 
Hitlerism. But research and development in the USA is im- 
portant on a global scale. It did not spring up overnight but 
was the result of a complex, fascinating historical metamor- 
phosis. In 1776 the British North Americans, south of former 
French Canada, had one great investigator, Benjamin Franklin, 
and a handful of others we can denote as scientists. By 1900 
the new nation had essentially evolved a vigorous scientific 
community with many of the basic structural and functional 
characteristics so evident today. This included strong commit- 
ments to fundamental research in various fields. In the present 
century these characteristics produced what is now so visible. It 
is a meaningful historical movement, not simply a banal success 
story, and deserves critical scrutiny by scholars. Rather than 
give a recital of great names and notable contributions, or 
genealogies of institutions, let us consider the sciences in 
America as a set of historiographic problems particularly 
worth studying in comparative prospect. 


Influence of De Tocqueville 


Americans and Europeans are still influenced by De Tocque- 
ville’s Democracy in America (1835). The work is best described 
as a hortatory essay to the French in the form of an account 
of a mythical country perversely given the name of a real 
republic on the continent of North America. Noting the 
absence of the usual landmarks of European history—kings, 
churches, nobles, castles, dynastic squabbles and sectarian 
wars—De Tocqueville concluded that the mechanism of 
American history was different, a vast arena for the smooth 
workings of impersonal dynamic laws. He approved this lack 
of romance, drama, and great trends because of the desire to 
avoid the disruption of revolutions. This view recurs in the 
influential writings of Henry Adams, the descendant of 
Presidents who cast a jaundiced eye both on his society and 
on the consequences of science. That he thought America and 
China were alike in this sense says much about his insight into 
both histories. Like the immigrant myth of gold in American 
streets to explain prosperity, this Newtonian line of reasoning 
aborted analysis; change simply occurred, obviating any need 
for study of the prior actions of men and institutions. 

De Tocqueville noted the presence of energetic go-getters 
intent on acquiring wealth, and he met no savants, devotees of 
abstract thought who required a niche immune from daily 
pressures in a hierarchical aristocratic society. A democratic 
society was technologically oriented and indifferent to basic 
research. In fact there were scientists in ante-bellum America. 
Someone like Nathaniel Bowditch, the translator of Laplace, 
or Joseph Henry at Princeton, might have dented his certitude. 
Or going forward in time to a school chum of Henry Adams, 
the mathematical physicist turned idealist philosopher, Charles 
Sanders Peirce, was every bit a grand savant. And there were 
others. 

De Tocqueville did not say there would be no science nor 
great pure scientists in the United States. Applied science would 
yield bits of basic science—that is, he was of an older view that 
did not see basic science as logically and chronologically anterior 
to technology. And by chance a great pure scientist might 
arise in the American republic. De Tocqueville believed that 
pure science ideally required the individualism, the drama of 
an aristrocratic order. Although he was wrong in predicting 
a steady-state country (and Henry Adams in seeing the heat 
death of entropy), De Tocqueville had grasped an important 
truth. The western European ideal of a value-free science in- 
dependent of society would take different forms in the USA. 
One can argue the extent to which this ideal was realised in 
Europe; the structured society of its nations, at the very least, 
permitted the illusion of realisation. Great men, ideas, great 
events existed, at least figuratively, in isolation. In the USA, 
their analogues were often bathed, if not immersed. in social, 
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political, economic, and ideological realities. 

To this day, many American scientists incline to the view 
that their society is indifferent, if not hostile, to basic science, 
in spite of ample evidence of the growth over time of support 
for research, even of the most abstruse nature. A proper 
perspective on this peculiar attitude is a comparison with 
literature, music and art. Once they too were presumed blighted 
by the American environment. A democratic society could 
support popular or vernacular cultures but not high cultures. 
No one makes this accusation any more in art, literature, or 
music. They flourish in symbiosis with the popular culture. 
Only in science is there uneasiness and sensitivity, obviously a 
phenomenon of great importance. 


‘Old West’ influence 


Early in the 1850s the aged Alexander von Humboldt wrote 
approvingly of American efforts in a wide range of physical 
and biological topics related to geography. Because he wanted 
Americans to receive greater international visibility, Joseph 
Henry of the Smithsonian Institution suggested preparing 
what eventually became the Royal Society’s catalogue of 
scientific literature of the last century. As Henry originally 
limited the work to the exact sciences, he clearly had more than 
scientific geography in mind. Although the first series of the 
catalogue to 1863 disclosed that roughly 5% of the authors 
were from the USA, Europeans were not impressed. By the 
end of the century American activity in the earth sciences 
loomed large. Although an extension of Humboldt’s view, 
geology reeked of the romance of the Old West, so attractive 
to generations of man-boys on both sides of the Atlantic. 
It did not hurt that the leader of the geological community in 
American was John Wesley Powell, whose hand was lost 
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‘Major Powell inquiring for the water pocket.’ 
Kaibab Plateau, near the Grand Canyon. 
Photograph by John K. Hillers, Powell Expedition, 
1871-75. 
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at Shiloh in the Civil War and who had first explored the 
untamed Colorado. Powell’s other role as a pioneer ethnologist 
only heightened the effect. Although very creditable, the 
scientific exploration of the West was like the rumoured gold 
in the streets, something waiting there. It did not impress those 
interested in mathematical and experimental fields. But only 
by 1951-52, did a French geologist, Emanuel de Margerie, 
produce his two volume Etudes américaines. A few works noted 
that astronomy had become a very active discipline in the USA 
by 1900, 

Shortly after that date, a significant act of recognition 
occurred. Reacting to the founding of the Carnegie Institution 
of Washington and the Rockefeller Institute, the Germans 
founded the Kaiser Wilhelm Gesellschaft. In the years before 
the First World War, a number of German observers com- 
mented favourably on the quality and scale of the sciences in 
the USA, warning against the threat to German hegemony in 
research. Apparently, the familiar competition of Britiain 
and France was less worrisome. One of the Carnegie beneficia- 
ries, the astrophysicist George Ellery Hale, added Rockefeller 
funds and built the great 200-inch telescope at Mount Palomar. 
That great instrument and E. O. Lawrence's pre-Second World 
War cyclotron symbolised science in the USA to many on both 
sides of the Atlantic. Large scale reflected the natural endow- 
ment; great instrumentation reflected the supposed American 
propensity for ‘practical’ devices, not for the abstruse theorising 
of true savants. Attributes of Hale and Lawrence reinforced 
these stereotypes. Hale was a fabulous promoter and organiser, 
a veritable Morgan or Rockefeller of science; Lawrence, also 
a manipulator, went on to invent a television system. Usually 
overlooked were scientists of a different mould. A contemporary 
of Hale’s, the great geneticist Thomas Hunt Morgan used the 
fruit fly in a series of austere, rigorous experiments. With a 
passion for scientific exactitude, he shunned empire building 
and applications. When Hale and Robert A. Millikan invited 
Morgan to the California Institute of Technology, they initially 
envisaged a programme of science applied to medicine; Morgan 
insisted on pure research. Although the USA was a world 
power in the sciences when Morgan went to Pasadena, a 
generation passed before a sustained serious historical research 
began and then largely because of the events of the Second 
World War and their consequences. 


The emergence of American science 
This 200 years of history is not explicable by any assumptions 
of American singularity. Like the nation, the sciences in the 
USA are part of western civilisation. The thirteen rebellious 
colonies were a provincial outpost of this civilisation. It is not 
wholly accidential that the first college in this country was 
founded in 1636 in Massachusetts Bay Colony ina village named 
Cambridge. Modern science originated in western Europe and 
developed an eastern wing in Russia and a western one in the 
USA. In spite of the obvious influence of British (and French) 
science, the most interesting comparisons and relations of the 
research scene in these former colonies of the UK are with 
Germany and the Soviet Union, a point to which I will return. 

Because of its origins as a provincial outpost of western 
Europe, the USA was never properly described as a young 
country, that is, a country lacking the kind of history associated 
with the cultures of the European nations. More precisely, 
the USA had never experienced a youth consisting of dynastic 
and sectarian violence, a rigid class structure, and an all- 
powerful established church. It was born to adulthood in the 
sense of having many of the trappings of modernity. To con- 
servatives, the lack of the usual traditions and their detritus 
was a basic flaw; to liberals and radicals their absence was a 
glorious opportunity. With some exceptions, both were sceptical 
about developing a high culture of science in a democratic 
environment. 

In 1776, the USA was not a blank slate. Selectively, patterns 
of life and thought of seventeenth- and eighteenth-century 
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Europe flourished and persisted; in time they became 
Americanised, diverging from a western Europe undergoing its 
own reactions to intellectual and economic changes. At the 
same time, a kind of feedback from these European develop- 
ments prevented any gross cultural split between the popula- 
tions on both sides of the Atlantic. In the USA there was an 
avid pursuit of the European printed word. Even modest cities 
of the Mississippi valley in the ante-bellum era possessed a 
good number of books and journals. Young scientists visited 
Europe, and many went on to study at overseas universities. 
A Louis Agassiz came in 1846, as did many others in the last 
century. The German emigrés of the 1930s were simply an 
instance in a two-century-old process. In 1973 about 6,000 
scientists and engineers emigrated to the USA. At all times in 
its history a minority of the scientists were foreign born. 


Scientific heritage 


The colonists in revolt insisted they were only asking for their 
just rights as Britons, even though most in the UK probably 
did not see the rights in that way. Facing western Europe, 
American investigators regarded science as part of their heritage; 
ruthlessly and cynically they brought over the ocean whatever 
they wanted of this scientific heritage, disregarding any plaints 
about the European nature of the best of science. Being pro- 
vincials in the eyes of western Europe, they were often infuriated 
by patronising treatment. In fact, American scientists were still 
vexed by patronising Europeans as late as the years between 
the two world wars. Yet, from the very beginning, American 
investigators wanted nothing as much as the good opinions of 
their peers in Europe; at the same time many strongly desired 
to present their results as a symbolic return to Europe for the 
great gift of science. 

Because of this ambiguous relationship with European science, 
the American scientific community developed a differing 
pattern of nationalism and internationalism than their overseas 
counterparts. Let us disregard the fatuous cliché that “The 
sciences were never at war”. It is a meaningless truism applicable 
to sets of concepts and data, not communities of humans. Real, 
live scientists usually rise and salute when the flag is raised, 
especially during wartime. Even in peace, national differences 
and rivalries influence the behaviour of scientists. Being outside 
the rivalry between the French and Germans after Sedan and 
not sharing the British anguish that Perkin discovered the dye 
but Germany garnered the industry, American scientists could 
work very comfortably in an international setting. At the same 
time, national interests were never totally absent. 

Another differing pattern arising from colonial roots is the 
development of a cult of the people, substituting for king, 
nobility and gentry. In a post-First World War movie about a 
hack senator trying for the presidency, William Powell in the 
title role makes a campaign promise to give a Harvard degree 
to every American at birth. Mass culture, like dreams, some- 
times disclose suppressed beliefs. Just as scientists (and con- 
servative critics) were uneasy about the lack of a proper hierarchy 
and widely agreed on norms, the American public had qualms 
about status based on education. Contrary to popular belief, 
the nation inherited a class system from Europe and still 
displays a social stratification based on wealth. Contrary to 
De Tocqueville, quite a number of families retained high status 
over many generations, in some instances even constituting 
a patriciate. This is in spite of a significant degree of upward 
mobility in the past for all groups with the notable exception 
of those of African descent. Yet classlessness is widely assumed 
in the form of crowding to a middle position. 


Education 


Education can provide a status countering classlessness. 
Traditionally, expertise is highly valued here. At the same time, 
it is one of the glories of American history that the learned 
have much power and honour but lack the certainty of an 
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assured niche. When historians turned to the history of the 
sciences in America, they noted that scientists wanted an elite, 
meritocratic basis for their group, often rejecting the validity 
of public intrusion into their affairs. Filled with such historio- 
graphic problems, I spent a year in Britain in 1964-65 studying 
British analogues of my favourite nineteenth-century American 
scientists. An acquaintance in the Civil Service, now deceased, 
invited me to lunch at the Athenaeum Club. As I looked around, 
he said, “This is like your Cosmos Club in Washington”. 
But I knew differently. Just a few days before I had read in 
manuscript a letter from an officer of the Royal Society to a 
council member, then little known. Charles Darwin was invited 
to the Athenaeum for lunch to discuss a matter before the 
Society. From my readings of many manuscripts, 1 had already 
concluded that in comparison to these British scientists, my 
American ‘elitists’ were raving egalitarians. Even if they had 
not been infected with republican or democratic principles, 
a continuing establishment control was not feasible given the 
size and complexity of the USA. 

Just as wealth conferred status over generations, so did 
education and intellectual attainments. Family groupings of 
scientists appeared in the last century. For example, modern 
geodesy was brought to the USA by the Swiss-American 
Ferdinand Rudolph Hassler. A generation later the Nova 
Scotia born mathematical astronomer Simon Newcomb married 
a Hassler. Their daughter became the wife of W. J. McGee, 
the geologist and anthropologist who was one of John Wesley 
Powell’s lieutenants. Charles Sanders Peirce’s father and 
brother were professors of mathematics at Harvard. J. Willard 
Gibbs’ father (of the same name) was a professor of languages 
at Yale. William James’ father was a Swedenborgian philo- 
sopher, undoubtedly a surprise to his teacher, the physicist 
Joseph Henry. A present foreign Fellow of the Royal Society 
is a third generation scientist. 

These family groupings have never constituted an intellectual 
aristocracy because of the rapid growth of the scientific com- 
munity over the past two centuries. A founder of the Institute 
for Advanced Study, the mathematician Oswald Veblen’s 
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father studied physics at John Hopkins during its golden age; 
he later taught at a midwestern university. Oswald’s uncle 
Thorstein became a great social theorist. They were a family of 
Norwegian immigrant intellectuals. A small town in South 
Dakota produced two notable physicists, E. O. Lawrence and 
Merle Tuve. The so-called new immigration from eastern and 
southern Europe by now has yielded scientists of Jewish, 
Italian, Slavic and other ancestries. In spite of the persistence 
and importance of a few families as sources for recruits, the 
scientific community has never been a closed group. The newest 
immigrants from Asia are entering the various disciplines. By 
now about 5% of science and engineering doctorates are of 
Asiatic origin. Fifteen years of consciousness raising may very 
well result in an inflow of Blacks, women, Chicanos—even 
some more American Indians. 

In the USA, scientists are overwhelmingly a middle class 
group. In spite of individuals from the upper class and some 
from the lower, becoming a scientist until recently was a means 
of going from the lower to the upper middle class. At present 
such social mobility seems on the wane. If true, it is all the 
more important to study that portion of the middle class 
producing the bulk of the professional classes which provides 
an essential element of stability in the USA. Relatively little is 
known about such families in contrast to concern for the 
gentee! culture of the patriciate or the pains and traumas of 
the poor and the outcast. As scientists are less numerous, they 
are more accessible to research than other professional groups. 
Where family influences are lacking, we still do not know why 
a small minority of middle class youngsters in the past opted 
for scientific careers, until very recently a choice of limited 
remuneration and power. 

Perhaps the youngsters acted because they, like most 
Americans, adhered to a cult of knowledge. Here the compari- 
sons between the USA, Germany, and the Soviet Union are 
important. For more than half of its history, the USA was 
unknowingly in a race with Germany. Early in the eighteenth 
century, nearly 150 years before the UK, the Prussian state 
made elementary schooling compulsory and universal for males. 
With the later expansion of German universities, the British were 
fated to be overtaken. The Germans trained large numbers for 
particular niches in their society, each niche with a specific 
place in an elaborate hierarchy. The professoriate were an 
elite of elites, having gone beyond the doctorate in their 
habilitation, a point the Americans did not quite grasp when 
graduate schools arose under the influence of German higher 
education. What American scientists did note was the high 
status of the German professoriate. In Prussia each chair 
holder was a higher civil servant. American scientists often 
hungered for the same kind of assured high place in their own 
nation. 

Throughout the nineteenth century Americans expanded all 
levels of their education system; in retrospect, they were trying 
to match Germany. The statistics are not very clear but, 
apparently, around 1900, the time Germans became conscious 
of an American threat, the USA had surpassed Germany 
in numbers, at least. Quality was another question. American 
universities were largely viewed as an extension of the demo- 
cratic thrust to provide a responsible electorate. Some insti- 
tutions viewed themselves in a patrician sense, as training 
cultured gentlemen for service to the society. Typically, even 
the mass schools regarded themselves as engaged in both 
cultural uplift and in a service role. The sciences served both 
purposes. Mass plus quality tended to become the ideal. 

A number of examples. In the middle of the large state 
University of Illinois at Urbana before a library with nearly 
four million books is a plot of corn planted to remind all of 
the university’s origin as a land grant school for agriculture and 
mechanic arts. When the University of Chicago opened its 
doors in 1891, it was a great university. This oft repeated 
judgment refers to its scholarly research strength. But its 
President, W. R. Harper, at the same time launched an extension 
programme of correspondence and evening courses. The 
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Professor of Mathematics at Chicago, Eliakim H. Moore, 
the first pure mathematician elected to the National Academy 
of Sciences, received an honorary doctorate from Gottingen 
early in this century. He conceived his authority to extend from 
research in pure mathematics to supervising the training of 
elementary school teachers of arithmetic. Moore, Chicago, 
Illinois—like many other American institutions and individuals 
—wanted theory and practice, culture and service, elite and mass 
somehow combined or in juxtaposition. 

The Soviet Union and the USA are probably the only 
remaining countries still believing in some form of the idea of 
progress, a Marxist version in one, and Enlightenment variant 
in the other. The two countries have curiously parallel histories 
in the sciences. Both were Humboldtian because of the need to 
manage their large land masses. Both turned engineering into 
mass professions of high status. The Russians have won the 
numbers race in that category, a more serious fact than mere 
heft of armed might. The USA lagged behind Russia in pure 
mathematics, and may still. Russian universities have a much 
different role in the sciences. Centralisation is greater in the 
Soviet Union, whereas egalitarian instincts limit centralisation 
in the USA. Our society has a primal urge to replicate anything 
deemed desirable. In addition, strong anachronistic sentiment 
for rusticity ultimately works against the big. Rusticity is 
something the Russians shun. 

Besides the idea of progress, the cult of knowledge in the 
USA has other traces of the seventeenth and eighteenth cen- 
turies now largely absent from western Europe. By establishing 
much of the broad form and content of what now designated 
science, the Scientific Revolution defined some concerns as 
non-knowledge and started segregating the high culture of the 
sciences from the vernacular culture. But the useful arts partially 
escaped this exclusion until the nineteenth century. At the same 
time the casual amateur and the modest practitioner were 
increasingly displaced by the savant. (Significant scientific 
amateurism probably survived Jonger in the UK and the US 
than in Europe.) The scientific revolution gave form to a 
previously rather loose, amorphous conglomeration; and the 
Industrial Revolution hardened the new pattern. 

Much of this process had by-passed the British North 
American colonies. The vernacular, the non-science, the amateur 
and the applied, survived and flourished after independence 
when the high culture of science began a slow steady growth. 
Europeans established a scheme of things in which there was a 
congruence between social, intellectual, and institutional 
hierarchies. Not a perfect congruence, but enough to avoid 
many of the problems of the Americans. On the western side 
of the Atlantic, the heritage of the past and the thrust of 
historical development did not neatly separate grand savant and 
practitioner; theoretician and earnest mechanic; the abstruse 
and the vernacular. They were scrambled together. A persisting 
tension developed between the scientific elite and their perception 
of fundamental research and the mass community and their 
thrust for diffusion of knowledge (often older and sometimes 
applied). As a result, the cult of knowledge in the US encom- 
passed a research ideal, but not a basic research ideal in spite 
of all the exeriions of many generations of scientists. 

In this research ideal was a blurred boundary between theory 
and practice. Originally, religion provided a basis for pure 
research. The idea of design presupposing the existence of 
a Designer readily yielded a drive for research untrammelled 
by sordid motives. Secularisation purged the theological 
mission, leaving a pure research ideal. At the same time the 
old, general notion of the utility of knowledge was elevated 
by this association with a designing deity. All research carried 
out His purpose and disclosed His will. Only overly rational- 
istic, sensitive scientists worried about the problems of defining 
discrete forms of research styles and goals. 

Although a happy compromise, even before the Civil War, 
American scientists launched a counter strategy, to fractionate 
off basic research by establishing enclaves largely immune 
to the national tendency to conflate theory and practice. 
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Higher education often served as the site of these enclaves. 
A notable recent example is the Institute for Advanced Study. 
As it were, the scientists were levying an overhead charge for 
theoretical science against the gross national product. Many 
were uneasy about the more common mode of supporting 
theoretical science, which also appeared before the Civil War. 
This is to define applied missions so as to necessarily include 
a basic research component. In the 1920s Harvard’s E. H. Hall 
(of the Hall Effect) corresponded with C. J. Davisson (a future 
Nobel Laureate) of Bell Telephone Laboratories. Impressed 
by Davisson’s work, Hall sent the head of the Laboratory, 
H. D. Arnold, a letter praising the company’s enlightened 
support of basic research. Nothing of the sort was intended, 
Arnold replied; we are simply interested in ways of increasing 
the supply of electrons. Sweeping mandates like this are widely 
present in so-called mission-related research. Believing sincerely 
in their approach, the scientists still argue in favour of broad 
definitions of applied missions. But many also favour protected 
enclaves for basic research not subject to the vagaries of 
economics, international affairs, public health policies and the 
like. Yet, it is naive to hope for and expect immunity from the 
ebb and fiow of history. 

In spite of $32 billion for research and development in 1974, 
in spite of over a half million engaged in research and develop- 
ment, in spite of $4 billion for basic research, US scientists 
are still uneasy about their place in society. There is an over- 
whelming cult of the nation with dominating symbols— 
George Washington, the flag, the national anthem, Abraham 
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Lincoln, the Statue of Liberty. Science is not represented among 
the symbols of the cult of the nation; even technology once 
had the iron horse and Thomas Edison. And our country has 
just gone through ten terrible years raising nagging doubts 
about progress. Largely because of the anti-science quirks 
of Lyndon Johnson and Richard Nixon, inflation has eroded 
the real strength of the national research budget. 

From the vantage point of my ivory tower, I find prospects 
encouraging, starting with President Ford’s increase in the 
budget to make up some of the slippage from the Johnson 
and Nixon years. American scientists have always functioned 
well while loudly complaining. Even before the Civil War, 
they demonstrated great talents as entrepreneurs, improvisers 
and artful dodgers. Nor am I nonplussed by the predicted 
numbers of surplus PhDs. Except for about fifteen post-Second 
World War years and perhaps a few years before the Great 
Depression, there has always been a surplus of scientists on 
paper. A surplus can act as a stimulus, both on the nation and 
on individuals. 

Whatever happens, the course of the sciences in the USA 
will remain an arena of tensions and ambiguities, a historical 
movement in which prosaic reality turns out to be a symbol, 
often exhilarating, sometimes grotesque, occasionally a black 
comedy. It has been a history of trying to have one’s cake 
and eat it. But perhaps that is true of all of the past 200 years 
of our national life. 

I thank the US National Endowment for the Humanities 
for support. 
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“From its origins to the present day, American academic 
science has been permeated by the influence of American 
business”. The reciprocal influence, of science on busi- 
ness and industry, has grown dramatically in the twentieth 
century. The rise of industrial research and its sustained 
vigour during this period is charted. 





“WE are tired of seeing our professors degrading their 
chairs,” physicist Henry Rowland told the American Asso- 
ciation for the Advancement of Science in 1883, “by the 
Pursuit of applied science instead of pure science... 
lingering by the wayside while the problem of the Universe 
remains unsolved’™”*, 

Like other leaders of science he was struggling to create 
in the universities a spirit of pure research, free from the 
dangerous temptations of commerce. The task proved hope- 
less: from its origins to the present day American academic 
science has been permeated by the influence of American 
business. The reciprocal influence of the colleges and uni- 
versities on business was for a long time not as important— 
nor could it be, given the small size of the scientific com- 
munity. For example, in 1900 there were slightly over 200 
academic physicists in the USA*. They were already more 
numerous there than in any other single country, but were 
still too few to have much effect; the great advances 
academic physics made in the nineteenth century were 
usually put to practical use by semi-educated inventors and 
entrepreneurs. The number of physicists was, however, 
doubling every ten or twelve years. Over the next four 
decades academic physics, and science in general, entered 


into a new relationship with American industry. It was a 
relationship that became essential to the strength of both 
partners (for a general treatment and bibliography of US 
industrial research see ref. 3). 

It was true, as Rowland complained, that during the nine- 
teenth century some American professors were almost too 
familiar with the requirements of industry. Sometimes they 
would give free advice, as Joseph Henry and others gave 
Samuel F. B. Morse during his efforts to develop the tele- 
graph. At other times they would take a fee. American 
colleges and universities were chronically poor, and their 
typical professor could neither enjoy a comfortable salary 
nor look forward to any pension whatsoever; nor did he 
have a particularly high status in his commercially-oriented 
society. Small wonder if he was more likely than his col- 
leagues in Europe to pick up some income on the side. 
Even Rowland, when he discovered that he had diabetes 
and would soon be leaving his family on their own re- 
sources, took to inventing and consulting for industry. Yet 
the scientists remained first and last professors, working as 
consultants only occasionally. This was, as W. David Lewis 
has said, the “putting out” stage of American industrial 
research‘. 

Around the end of the nineteenth century the universities 
grew greatly, becoming powerful, independent suppliers of 





*Fuller documentation and much more detail will be found in 
Spencer Weart, The Physics Business in America, 1919-1940, A 
Statistical Reconnaissance,” available from myself in preprint; 
to be published in a collection of essays on the sciences in 
America, edited by Nathan Reingold. For unpublished sources 
this study has relied chiefly upon the manuscript, microfilm, and 
oral history archives of the Niels Bohr Library, American 
Institute of Physics, New York (AIP). 
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research. Industrial companies worked to encourage this 
development, although their contributions were small com- 
pared with the funds supplied by the governments of the 
various states, by tuition-paying students, and by afluent 
philanthropists. Nevertheless American business had a key 
role in this process; for example, it was from modern 
industrial ventures that most of the philanthropists derived 
their wealth. 

But the universities, however strong they became, could 
not meet all the needs of the science-based industries which 
were growing rapidly around the turn of the century. C. E. 
Kenneth Mees, called by George Eastman to create a 
laboratory within the Eastman Kodak company, later ex- 
plained why it was difficult for a company to have all its 
research done in universities. Industrial research requires 
persistence along particular lines of inquiry, he said, with 
specialised apparatus and training; this was difficult to 
obtain in a university and conflicted with the needs of 
teaching. Moreover, “the universities do not understand 
the requirements of the manufacturer and the manufacturer 
distrusts, because he does not understand, the language of 
the professor”. 

The idea of solving these problems by transplanting 
academic scientists into business organisations seems to 
have originated with scientifically-trained men already 
working for the manufacturers. Industrial laboratories of 
a sort had existed for years, originally for quality control 
and testing, a little later for engineering and development 
work to improve existing products. But in 1900 General 
Electric established a new sort of industrial laboratory in 
which research was no longer tied to the day-to-day re- 
quirements of production (Fig. 1). The GE laboratories were 
followed within a dozen years by a number of others, 
notably those of Du Pont, the American Telephone and 
Telegraph company, and Kodak. 

The professors, following Rowland’s tradition, were less 
than enthusiastic about this development. Frank Jewett, 
who eventually became president of the Bell Telephone 
laboratories, recalled that his university mentor Albert A. 
Michelson “thought that when I entered industrial life . . . 
I was prostituting my training and my ideals’’*. Such atti- 
tudes made it more difficult for industries to hire good staff. 
When GE tried to bring Willis R. Whitney from the 
Massachusetts Institute of Technology to head their new 
laboratory, they had to promise him that he could split 
his time between GE and MIT. After a period of commut- 
ing back and forth Whitney became so absorbed in the 
challenges of industrial research that he gave up his pro- 
fessorship’. This turned out to be a common experience: 


Fig. 1 The first research laboratory of the General Electric 
company—a barn behind C. P. Steinmetz’s house, about 1900. 
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young scientists who moved reluctantly into industrial work 
soon found that it caught all their interest. Mees even 
warned that a lab director should take steps to keep his 
workers involved with the progress of pure science, lest 
they become too narrow’. 

If industrial research was clearly established in the USA 
in 1910, it still could not be called a major movement. But 
by the 1920s broad changes were becoming apparent. There 
was, as one physicist noted with some distaste, an enormous 
advance of applied physics—in industry, in government 
laboratories, even in the universities themselves—a ‘‘fever 
of commercialised science”. In 1913 physicists who were 
located in industrial labs made up only about a tenth of the 
membership of the American Physical Society. In 1920 they 
made up a quarter of the membership and this advance 
took place while the total membership of the society was 
doubling (my calculations, taken from Bulletin of the 
American Physical Society). The proportion of papers pub- 
lished in the leading American journal, Physical Review, 
which originated in industrial laboratories showed a similar 
fundamental increase (2% in 1910, 14% in 1915 and 22% 
in 1920) (my calculations and ref. 10). These facts sub- 
stantiate what many men were claiming at the time: the 
relationships between physics and industry in America 
were revolutionised around the time of the First World 
War. 

The trend was already evident before America entered 
the war, but the war itself was widely believed to have had 
a central role in accelerating the transformation. Around 
1917 many physicists left their campuses, but not for the 
Front: for them, as for most Americans, the great event 
of the war was a fierce intensification of industrial organ- 
isation and production. Industrialists and scientists were 
thrust into closer contact with one another, both at the 
production level and at higher levels in Washington. The 
result was that industrialists and physicists alike become 
more aware of what could be done with physics. As one 
industrial physicist put it after the war, “Bankers have 
become science-minded. They are familiar in general with 
the influence of scientific research on the trend of security 
prices.” They had come to esteem science, for in “‘com- 
mercial warfare . . . research supplies the ammunition’. 

Research no longer meant simply development work 
aimed at cutting costs and improving an existing product. 
In some industries it had become essential to do the sort 
of research, sometimes verging on basic research, which 
could produce an entirely new product or could keep a com- 
pany supplied with information and patents for defence 
against new products developed elsewhere. For example, 
both General Electric and the American Telephone and 
Telegraph company were able, thanks chiefly to the trained 
physicists in their laboratories, to maintain a strong position 
when the new field of radio communication emerged 
around the time of the First World War. It was such large 
companies that had the main role in industrial research; 
GE and ATT alone employed some 40% of all the 
American Physical Society members in industry between 
the two World Wars (my calculations, the mean of the 
fractions at 5-yr intervals over the period 1920-39). 

The presence of trained scientists also brought a com- 
pany various indirect benefits. Publicity and prestige were 
perhaps chief among these. As one knowledgeable observer 
bluntly stated, “The use of real or imaginary research 
laboratories to back up merchandise . . . has an importance 
to company prestige that cannot be exaggerated”. This was 
only true, of course, because the 1920s were a golden age 
of scientific faith, not only among scientists and industrial- 
ists but also for the public at large. The Nation complained 
in 1928 that “A sentence which begins ‘Science says’ will 
generally be found to settle any argument in a social 
gathering, or sell any article from toothpaste to a refrigera- 
tor” (quoted in ref. 13). 
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For all these reasons a good market for trained physicists 
developed in industry. One straw in the wind was Ernest 
Fox Nichols, a prominent professor of physics who had 
worked for the Navy during the war and who in 1920 
resigned from Yale to join GE. “The Position,” he in- 
formed the university as he departed, “offers complete 
freedom in the choice of research problems, and places at 
my unhampered disposal such human and material re- 
sources as no university | know of can at present offer”", 
He might have added that industrial salaries left the uni- 
versities far behind. Fears were expressed that the ranks 
of academic science would be decimated by the movement 
into industry. 

Some academic scientists responded by defending the old 
ideals of pure, non-commercial research. The physicist in 
a college or university had his own rewards. “Financially 
his lot is not a wealthy one,” as one of them admitted “nor 
socially is he high... [But] Close to nature and by it 
closer and closer every day to the Almighty God who made 
him, what matters it to the physicist if the days be dull or 
neighbouring man uncouth? His soul is more or less aloof 
from mortal strife’’*. In short, it was all very well to go 
into industry if money was your object, but there was still 
something morally superior about the life of academic 
research. 

In the end the schools were not drained but strengthened 
by the growth of industrial physics. For it was far less the 
established physicist who was snatched up than the new 
graduate. This meant that industry was supporting an 
increase in student enrolments which must have had much 
to do with the overall rise of academic physics departments 
between the two World Wars. Many physics teachers felt 
that their departments would be Strengthened by attracting 
students destined for industry. Applied physics courses or 
Programmes, sometimes labelled “engineering physics”, 
were set up by physicists at a number of schools in the 
early and mid-1920s. 

Industry took not only undergraduates trained in physics 
but also PhDs. Around 1900 only a tenth of the few PhDs 
graduating each year in the USA wound up in industry; in 
the 1920s about a fifth of the ever increasing number of 
new PhDs were going into industry (my calculations: the 
sample of new PhDs was drawn from ref. 16. For conveni- 
ence I used Marckworth’s original file cards, at AIP. 
Locations from Bull. Am. Phys. Soc., and Cattell, J. M., 
American Men of Science (Science Press, New York, 1906- 
1944)). For research—where the quality of the personnel is 
everything—the leaders of industrial laboratories had con- 
cluded that the best workers were those with graduate 
training. To select and attract these recruits they had to 
have close contacts with the professors who were training 
students. This made for strong ties between industry and 
the campuses”. : 

This also gave industry a new motive for supporting re- 
search in the universities. Through such support a company 
could keep its eye on promising young men while at the 
same time keeping abreast of scientific developments. For 
example, Corning Glass sponsored fellowships and research 
at Cornell, Illinois, MIT and Purdue on problems of chemi- 
cal physics directly related to glass making. Such arrange- 
ments were probably rather common. In the absence of 
outright fellowship or grant support, a company could still 
contribute in smaller ways and keep up close relations; 
among the acknowledgments in papers published in the 
Physical Review in the 1920s one finds frequent thanks 
given to companies for the loan or construction of pieces 
of apparatus or the use of their laboratories, 

All this led some to feel that the universities were “begin- 
ning to be led by the industries, instead of vice versa” 
(Pupin™ apparently regarded this trend favourably). But 
in so far as the point was to train researchers, the exact 
nature of the research was secondary. Freedom of inquiry 
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in universities was not seriously infringed on by the support 
industry gave; rather the possibilities for inquiry were 
broadened all around. 

So it seemed that all was going well, and that aside from 
minor jealousies American physicists, industrial and aca- 
demic, were advancing hand in hand in uninterruptible 
Progress. Then came the Great Depression. When a system 
is struck by a heavy shock, we may hope to learn some- 
thing; by listening to the seismic echoes we may study 
hidden internal structures. The Great Depression gives us 
an opportunity to do this for American physics. 

The first thing to note is that academic physics did not 
suffer greatly. Often the professors had to accept some cut 
in pay, but since deflation was raising the value of the 
dollar, academic salaries did not drop in real terms. The 
research budgets of many university physics departments 
showed a pronounced increase in real terms through the 
1930s. It is true that there were hiring freezes, and this 
meant that for two or three years during the worst of the 
Depression, few of the new PhDs could find academic jobs. 
But most of them simply stayed on at their schools, doing 
research, and found positions after the situation eased. 
Total US academic employment in 1938 was about 30% 
higher than in 1928, 

The industrial physicists had a different experience, as 
Fig. 2 suggests. The graphs show swift growth during the 


Fig. 2 a, Total non-farm employment in the USA, 1920-40, 
millions of people™. b, R workers in a sample of US 
industrial laboratories. The figure for 1921 is raised by 23% 
as recommended by Perazich and Field®*, Solid line is for all 
research personnel, thousands of people; dotted line is for physi- 
cists only ( x 15). To the Perazich and Field sample | add the 
physicists in Bell, GE and Westinghouse laboratories; for Bell 
I use my counts from the APS Bulletin, and for the other two I 
use National Research Council, Industrial Research Laboratories 
of the United States (compiled by Hull, C.) (National Academy 
of Sciences, Washington, 1921-38). 
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1920s, a terrifying plunge during the Depression—as bad 
as the general collapse of employment in the USA—and 
then recovery. Data on budgets are harder to come by than 
data on personnel, but they apparently followed a similar 
curve. In particular, the most important single employer 
of physicists in the USA, ATT, cut its research and de- 
velopment budget by over 25% in constant dollars from 
1930 to 1933, but by 1939 this had recovered and was more 
than 10% higher than the 1930 figure (figures for 1916-35 
are from ref. 21 and for 1939 from ref. 22). 

Suffering from direct and indirect pay cuts, watching 
friends being laid off, for a few years the applied physicists 
had a hard time. The director of the General Electric 
laboratories suffered a nervous breakdown which the De- 
pression was said to have helped bring on™". For the moment 
it seemed, as one industrial physicist declared in 1935, that 
“the era, or rather wave of industrial physics [had] sub- 
sided’. 

But physicists in industry were spared the worst. In many 
laboratories research, including basic research, continued 
without interruption, The recovery shown in Fig. 2, so 
much stronger than the recovery of employment generally, 
also indicates a special position for industrial research, The 
net rise in the employment of physicists in industry from 
1930 to 1938, ignoring what happened in between, was 
proportionally comparable to the rise in academic employ- 
ment over the same interval. A large part of this swift 
recovery—perhaps as much as a third of it—was due to the 
exploitation of a new application for phyics: the use of 
geophysics in the oil industry. Gravimeters and seismo- 
graphs greatly aided geological prospecting; thus physics 
research helped enlarge its own field of employment. 

In the 1930s as in the 1920s, the employment of new 
physics PhDs provided an important connection between 
the campus and industry. The job problems of new PhD 


Fig. 3 a, Membership of the American Physical Society, 1905-40. 
b. Location of employment of American Physical Society 
members, as percentage of those whose employment can be 
inferred from their addresses and was in the USA. From top to 
bottom the areas refer to the twenty universities with strongest 
physics departments; all other “education” including non-profit 
institutions; government; and ‘industry’ including business, 
medicine, and miscellaneous. 
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physicists were in large part due to hiring freezes in the 
academic world, but the collapse of industrial employment 
exacerbated their difficulties. Of 110 physicists who got 
their PhDs in 1928 and 1929 and whose location can be 
determined from the 1930 membership list of the American 
Physical Society, 24 were in industry and four more in 
government; but of 63 who got PhDs in 1934 and who are 
found in the 1935 list, only four were in industry and none 
in government. The rest were virtually all in academic insti- 
tutions (my calculations from ref. 16). This decline did not 
escape the attention of the professors who sent the students 
forth. 

Academic physicists noted that there were applied fields 
to which physics could contribute but in which industry did 
not seem to be using the opportunity. Professors began 
working to persuade industrialists to employ physicists, and 
to train physics students so that the industrialists would 
want them. “A going concern must find a market for its 
product,” one academic pointed out, “and this is true of 
the profession of physics’. A leader of the physics com- 
munity was equally blunt: “The number of teaching jobs 
available for physicists will always depend on the number 
of students taking physics. We know that the number of 
these students will increase if it becomes clear that there 
are industrial opportunities for them™™". 

Critics, industrialists and professors alike, charged that 
teaching was directed too much towards producing a new 
generation of teachers. The introduction of modern theor- 
etical work into American university physics, which had 
been a prominent trend in the 1920s, did not impress these 
critics: what the physics graduate needed, they said, was 
less work with quantum mechanics and more with classical 
physics and a slide rule. Physicists feared that this sort of 
training was being usurped by the engineering faculties, 
whose graduates more and more resembled the product of 
the physics departments. To see how the universities were 
meeting these problems, physicist Henry Barton wrote 
letters to a number of physics departments at the end of 
1935. He found that about half of them had taken, or were 
seriously planning to take, steps to increase the attractive- 
ness of their students to industry”. Not all schools joined 
this movement, and at any rate the majority of students 
continued to end up with academic jobs. But at certain 
schools a majority of the physics PhDs who graduated in the 
1930s found their homes in industry. 

We have noted that the movement to teach applied 
physics in the universities included some elements of a re- 
action against pure and theoretical physics. The conflict 
also came to the fore in another theatre, the physics soci- 
eties. Figure 3 analyses the chief of these, the American 
Physical Society. Figure 3a shows the growth of society 
membership from 1905 to 1940. The effects of the Depres- 
sion, or even the First World War, on this curve would be 
difficult to prove. The breakdown of the membership 
(Fig. 3b) shows what percentages were in various locations. 
The shaded areas at the top, education (including private 
non-profit research institutes) dominate throughout. But 
there is a significant change in the proportions employed 
by industry (the black area) and by government (the white). 
Their combined total grows strongly into the 1920s and 
then drops off. Note that because of the rapid growth of 
the American Physical Society as a whole, the absolute 
number of applied physicists in it was higher in 1940 than 
in 1920; but they were never again so large a proportion 
of the total as they were in the 1920s, the golden age of 
applied physics research. 

People noticed that not all those who might be called 
physicists were members of the American Physical Society. 
Many belonged to the engineering societies and called them- 
selves engineers, even though their work was in direct 
application of physics research. In fact, of the 1,500 or 
2.000 so-called physicists in industry in 1938 only about 
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half were in the American Physical Society. The reason 
was that applied physicists were coming to feel themselves 
set apart from those in pure physics. *We did not feel at 
home in the Physical Society meetings,” one of them re- 
called. “I once read a paper before the Physical Society, 
and I am sure the Physical Society was not interested in the 
paper’. These feelings had gained strength through the 
1920s as the numbers of applied physicists grew and as they 
noticed that the society was becoming more concerned 
with quantum mechanics and atomic spectra than with 
physics in the broadest sense. Already in 1916 the Optical 
Society of America was founded by a group at Eastman 
Kodak; in 1929 the Acoustical Society of America was 
founded at Bell Laboratories and the Society of Rheology 
was founded by people interested in the study of plastic 
materials. In 1930 there were rumours that a Society of 
Applied Physics would be created”. The trend seemed to 
be towards a complete schism in the physics community. 

This was avoided by the founding in 1931 of the 
American Institute of Physics, which undertook operations 
such as publishing and public relations which were most 
efficiently done jointly. Throughout the mid-1930s_ this 
organisation had a leading role in bringing industrial and 
academic leaders together, in trying to explain the value of 
physicists to industry and the value of industry to physicists, 
and in working to persuade applied physicists to stay within 
the fold. Several conferences were held with joint academic 
industrial participation” “. “To those of us who have been 
engaged in industrial research,’ one physicist wrote in 
1937, *... there appears to have been a social upheaval 
in the realm of the physical sciences in which the researcher 
in practical or applied fields has been lifted from the gutter 
of so-called ‘prostituted’ science and at least his better 
qualities held up as ideals for aspiring young physicists to 
emulate”™. 

The actions of academic physicists during the Depression 
period, through new curricula and new organisations, shows 
great sensitivity in the area of applied physics. If the pro- 
fessors were not all wrong, then this sensitivity is evidence 
that any weakening of applied physics or of its ties to the 
academic world would have been a heavy blow to all 
physics. 

Fortunately, as we have seen, industrial physics recovered. 
Towards the end of the 1930s there were even hints that 
the most abstract physics of the universities might have 
some value for industry after all. General Electric adver- 
tised for a quantum theorist to look into the fundamental 
quantum processes involved in fluorescence, as in fluor- 
escent lights; people at the Bell Telephone laboratories 
studied the quantum theory of solids, setting out on the 
path that would lead to the transistor; Westinghouse went 
into nuclear physics, a subject which later became one of 
its major fields of industrial interest. 

In conclusion, the experience of the Depression indicates 
that the greatest strength of American physics still lay in 
the academic sector. But the anxious reaction of academics 
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to the situation in industry suggests that a strong industrial 
research establishment had become as necessary, in the 
long run, to the universities as the universities had become 
to industry. 

Finally, the situation has not changed greatly from the 
1930s to the present day. For example, in 1973 some 53% 
of American PhD physicists worked in the universities, 
24°, in industry, 11% in government and 12% in federally 
funded research and development centres™™., Except for 
the growth of federally funded centres at the expense of 
the universities, this is about the same as the situation 
before the Second World War. The relationship between 
academic and industrial physics research in America, estab- 
lished during the first four decades of the century, has 
proved as stable as it has been fruitful. 

I thank Tessie Liu for research assistance. 
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Populations of Old Order Amish, living in Pennsylvania, 
Ohio and Indiana, and isolated by their strict religious 
views, have provided human geneticists with a rich source 
of data. 





LirestyLes in the United States, as in many other countries, 
have changed remarkably during the past 200 yr. Technological 
advances, with improved transportation and nearly instan- 
taneous communication, have probably had the most significant 
impact on our social structure and cultural evolution. With 
progressive industrialisation and the need for highly specialised 
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skills, these factors have contributed to the decline of relatively 
self-sufficient, isolated agrarian communities in which the 
nuclear family comprised the basic living unit. These have, of 
course, been replaced by large conglomerations of inter- 
dependent, amalgamated, and highly mobile masses to which the 
“melting pot” metaphor is perhaps more aptly applied than 
during the early days of settlement. 

Nevertheless, certain segments of the US population have 
remained relatively unaffected. In some circumstances, the trend 
has been at least partially countered by cultural ties or economic 
restrictions as in the case of the ethnic and ghetto neighbour- 
hoods of major metropolitan areas. In others, geographic 
barriers such as the Appalachian mountains of the eastern USA 
and the marshy bayous of the deep south, have effectively 
excluded these socioeconomic influences. Among the triracial 
isolates scattered throughout the eastern coastal states, racial 
barriers have prevented assimilation by restricting matings to 
individuals with a mixture of Indian, Caucasian and Negro 
ancestry. 

The value of insular populations has long been recognised by 
human geneticists. Lacking the luxury of a highly proliferative 
species such as Drosophila, or the benefits of controlled breeding 
experiments available to a mouse geneticist, they are instead 
dependent on nature to provide the appropriate human popula- 
tion model. Human isolates, separated as they are from the 
prevailing cultural mores, often have at least some of the desir- 
able characteristics of the biologist’s experimental model. 
Many have large families, thus making available larger numbers 
of progeny for study. Social or religious taboos frequently limit 
dilution of the gene pool by restricting matings to members of 
the group. Such populations are often geographically concen- 
trated due to their limited mobility and identification is facili- 
tated by peculiarities of custom or dress. 

Genetic aspects of isolates in industrialised countries have, 
however, received relatively little attention. Clinical investiga- 
tions in Europe! and Scandinavia*, as well as North America® 
have contributed significantly to the understanding of selected 
heritable diseases, and, in some instances, revealed “‘*new™ 
disorders. Other isolates in North America have been the 
object of demographic! and immunological’ studies. In 1963, 


Fig. 1 North-east view from Millersburg, Ohio courthouse 

showing Amish horse-and-buggies tied to rails at parking meters. 

This blend of tradition and modern technology illustrates the 

accommodative attitude of non-Amish toward their unusual, 

isolationist Amish neighbours who, in turn, patronise “worldly” 
businesses without becoming assimilated. 
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Hostetler® published the first major sociological study of 
the Old Order Amish whose unique features were immedi- 
ately recognised by McKusick’ as useful for genctic studies. 
Through their collaboration and that of others during the next 
decade, the Amish have become the most extensively studied 
isolate group in the USA. 

The Amish constitute one of several religious factions classi- 
fied as Anabaptists because of their opposition to infant 
baptism. Unlike all other Anabaptist sects, such as the Men- 
nonites, Dunkards, Amish-Mennonites, and Beachy Amish, the 
Old Order Amish hold religious services in their homes rather 
than in churches or meeting houses. Although this unique 
feature absolutely distinguishes them, other characteristics 
make tentative indentification possible. Perhaps none is more 
conspicuous than their eschewal of technological innovations. 
Electricity and telephones are not allowed in their homes 
although in communities where Ma Bell has enterprisingly 
placed payphones in strategic locations, at least some Amish 
freely take advantage of the opportunity. The use of petrol 
engines is likewise forbidden, but curiously, steam is an accept- 
able, albeit rarely used, form of energy. This limitation, plus the 
interdiction of pneumatic tyres, has restricted transportation to 
the horse-and-buggy so familiar in their communities (Fig. 1). 

All Amish are rural living and nearly all are farmers. They are 
highly clannish and have a strong interest in their ancestry and 
genealogical relationships. This has stimulated the publication 
of numerous genealogy volumes by which the ancestry of most 
members can be traced to the original immigrants. Perhaps most 
importantly, this simple folk society has somehow managed to 
resist assimilation and annihilation through strong internal 
disciplinary measures, including the practice of “shunning” or 
Meidung, by which transgressors are totally ostracised. 

To the casual observer, however, personal appearance is the 
most striking peculiarity of these “plain-clothes people”. Any 
form of personal adornment, including brightly coloured clothes, 
is strictly forbidden. All external clothing is handmade by the 
women from plain brown, blue or black fabrics. “Barndoor™ 
trousers held up by suspenders and jackets with hook-and-eye 
fasteners are worn by the men; women’s dresses are fastened 
with straight pins. Hair style for males is a uniformly cut, 
medium length, ‘upside-down bowl’ style (embellished with a 
beard without moustache after marriage), whereas females are 
forbidden to cut their hair. Instead, they wear it rolled up into a 
bun, covered with a prayer veil during all waking hours. 

The Amish originated in the Canton of Berne, Switzerland, 
when followers of Jakob Ammann split from the parent Swiss 
Anabaptist sect between 1693 and 1697. Other converts came 
from eastern France, the Palatinate and Alsace-Lorraine. Never 
fully accepted in Europe, and viewed by their fellow citizens as 
rather peculiar, many Amish were strongly tempted by the 
religious freedoms promised in America. Immigration began 
perhaps as early as 1714 and continued for nearly 125 years. The 
first immigrants, mainly Swiss and numbering approximately 
200, settled in eastern Pennsylvania as founders of the present 
group known as the Lancaster Amish. After about 1770, how- 
ever, new immigrants, primarily from Alsace-Lorraine and 
nearby areas, found Pennsylvania too crowded and moved 
further west, chiefly to Ohio. The Holmes and Geauga County, 
Ohio Amish in the mid-nineteenth century became, in turn, the 
primary source of founders for the third major concentration of 
present-day Amish which is centered in Lagrange County, 
Indiana. Although Amish populations are now located in 
approximately 20 states, and a few recent attempts have been 
made to establish populations in the Honduras and South 
America, about 80°; of the nearly 50,000 practising Amish live 
in the three states mentioned above. Migration and religious 
persecution eliminated all Amish from Europe. 

The Amish are strictly endogamous, do not proselytise, and 
“outside” marriages with non-Amish are strictly forbidden. 
These restrictions, together with the limited number of founders, 
has led to a relatively high mean coefficient of consanguinity 
(F — 0.00769 in the Holmes County group), equivalent to 


Nature Vol. 262 July 1 1976 


second cousins once removed. In addition, however, their 
limited means of transportation, subtle differences in religious 
practices, and, in the case of the eastern Pennsylvania and 
Holmes County, Ohio groups, separate origins have effectively 
produced subisolates. For example, eight surnames account for 
81°% of the Lancaster Amish population whereas 77% of the 
Ohio Amish have a different set of eight surnames. The con- 
tinued isolation of these two communities is illustrated by data 
from an analysis of 2,013 Holmes County couples living in 
1966: only two partners came from Lancaster County. Such 
isolationism is evident even among Indiana and Ohio Amish 
with much closer ancestral and religious ties: only 116 marital 
partners left Indiana to join their mates in Holmes County, 
evidence of separation which no doubt portends even greater 
genetic dissimilarities in the future. 

Interestingly, in spite of their usual pacifism and strong belief 
in non-violence, there is considerable internal strife. New reli- 
gious factions are constantly being formed and dissolved. In 
Holmes County, for example, two groups known as the Stutz- 
man and Stolzfus Amish split from the parent body in the early 
1960s and marriages between any of the three groups is actively 
discouraged. If this practice persists, new genetic isolates may be 
formed. 

The Amish community is primarily a spiritual one without 
distinct geographical boundaries. Amish farms are scattered 
throughout the rural communities, often sharing borders with 
non-Amish farms. Their religious charter, however, effectively 
prohibits social and cultural interaction with the non-Amish 
community with the result that their demographic charac- 
teristics* are quite distinct. As a result of their high crude 
birth rate (33.3 compared with 21.2 for the entire USA in 
1964), the population pyramid“ has a relatively broad base; 
51.8%, are less than 20 yr old and 28.7% are less than 10 yr 
old. The pyramid tapers more smoothly than that for non- 
Amish populations since their self-sufficient agrarian lifestyle 
renders them relatively independent of the cyclic effects of 
political, economic and social stimuli. Most men (69.8%) are 
farmers, at least in Holmes County where the most complete 
data have been collected. A further 13% are self-employed in 
supporting trades such as carpentry, blacksmithing, harness 
repairing and construction. 

The Amish marry at a considerably later age than their rural 
counterparts (22.57 yr for a female, and 23.61 yr for males). 
Because of the obvious economic advantages of large families in 
a rural setting, and their strict interpretation of the biblical ad- 
monition to “be fruitful and multiply”, children are considered 
highly desirable. Contraception, although not prohibited, is 
viewed as undesirable with the result that the female repro- 
ductive span is longer and birth intervals shorter than among 
other US rural populations. Among 792 completed Holmes 
County Amish families (in which the wife was at least 45 yr 
old), the mean number of pregnancies was 7.19 and more than, 
one-third (34.8°,) reported 10 or more pregnancies. The net 
result is an intrinsic rate of natural increase (r) of 3.019 or a 
potential doubling of population size every 23 yr. Among 
modern North American isolates, only the Hutterites were 
found to have a higher rate (r — 4.1265). This increase is not 
achieved for the Amish, however, because there is a substantial 
attrition rate among young people who are lured away by the 
‘outside world’. Still, it is obvious that the Amish could lose 
four or five times the 10-15 °/ estimated to leave each genera- 
tion, and still maintain their population size at the present 
reproductive rate. 

Curiously, Holmes County Amish men tend to outlive their 
wives. The sex ratio in this population for those over the age of 
55 yr is 1.216. Similar trends have been noted in other high 
fertility groups such as the Hutterites and northern Indiana 
Amish, giving rise to speculation that the emotional and psycho- 
logical stresses of childbearing may have an adverse effect on 
longevity. 

It is apparent that the Old Order Amish have several attri- 
butes that make them useful to human geneticists. Members are 
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Table 1 Distribution of some rare recessive genes in the Old Order 
Amish 
Isolate Recessive disorder 


Pyruvate kinase-deficient 
haemolytic anaemia” 

Phenylketonuria'’""! 

Ellis-van Creveld syndrome’? 

Limb-girdle muscular 
dystrophy** 

Mast syndrome"! 

Troyer syndrome’ 


Mifflin County, Pennsylvania 


Lagrange County, Indiana 

Lancaster County, Pennsylvania 

Adams and Allen Counties, 
Indiana 

Holmes County, Ohio 





easily identified by their distinctive dress and customs. Their 
communities were founded by a limited number of ancestors, 
with identifiable origins. They maintain a closed population 
with virtually no dilution of the original gene pool. Families are 
large, illegitimacy rates are low, and the membership constitutes 
a relatively immobile society concentrated in specific geograph- 
ical areas. Several additional features are of particular value to 
the medical geneticist: relatively stable socioeconomic values, 
uniform environment, high standards of living and medical 
care, a great interest in medicine, and strong resistance to 
institutionalisation of the chronically ill. 

Populations founded by a small number of ancestors may 
exhibit an unusually large number of otherwise rare hereditable 
traits if the founders carried a frequency of mutants that differed 
widely from the parent population. If the population further 
remains ‘closed’ by excluding matings with outsiders, the purity 
of the original gene pool is maintained, and the restricted 
number of available mates results in a high rate of consang- 
uinity. Since consanguineous couples share ancestors, they are 
likely to inherit at least some identical genes, and chances are 
good that their offspring will inherit the “double dose” of 
mutants necessary for the expression of recessive disorders. 
These conditions were apparently satisfied in the case of Amish 
settlements since all of those studied have at least one recessive 
disorder occurring with relatively high frequency (Table 1). 

The limited distribution of these genetic diseases is another 
indication of genetic isolation. Only one recessive disorder, a 
“new” type of dwarfism (cartilage-hair hypoplasia), seems to 
occur throughout most Amish communities including Holmes, 
Lancaster and Lagrange counties as well as among smaller 
settlements in lowa, Oregon, Kansas, Illinois and Michigan". 
Either the origin of this gene was more ancient, antedating 
the origin of the sect, and was introduced by multiple immi- 
grants, or the descendants of the person or persons who intro- 
duced it were unusually nomadic. 

The peculiar social and cultural restrictions of Amish life also 
make them useful for epidemiological and population studies. 
Certain aspects of the distribution of cervical cancer, for 
example, raises the suspicion that it might be a venereally 
transmitted disease. Women with increased risk are those with 
marital instability, early coitus or early marriage, multiple 
coital partners and other venereal infections. Under this hypo- 
thesis, groups with low risk for cancer of the cervix would 
practice (1) strictly endogamous matings (to avoid introduction 
of the responsible agent), (2) monogamous sexual behaviour 
(restricting the agent), and (3) strong group boundaries over 
many generations. These are, of course, characteristics of the 
Amish, maintained and enforced by their religious taboos. 
Divorce is forbidden and separation is extremely rare. In either 
case, marital infidelity is virtually unknown, although premarital 
conceptions probably occur with a frequency similar to other 
US populations. In most cases, however, the biological parents 
do become married with the result that the overall illegitimacy 
rate is low. Among 1,098 Amish offspring of 155 couples in 
northern Indiana, no paternal exclusions were found by ABO, 
Rh and MN blood group determinations®. Furthermore, their 
strict moral standards regarding marital fidelity and their 
condemnation of divorce limit the transmission of other vene- 
real diseases, according to local physicians. 
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Table 2 ABO blood group frequencies in three Amish isolates 





Holmes Lancaster Adams Random 
Blood County County County AngloSaxon 
group isolate* isolatet isolatef population™* 
O 0.34 0.11 0.16 0.45 
A 0.54 0.74 0.65 0.41 
B 0.06 0.05 0.11 0.10 
AB 0.06 0.11 0.08 0.04 





*n = 1,027; ref. 18. 
tn = 215; ref. 18. 
$n = 892; ref. 17. 


Use of the Amish to test the possibility of venereal transmis- 
sion of cervical cancer is especially valuable because its frequency 
among them can be compared with that found in non-Amish 
living in the same area where medical care practices are similar 
and the effect of economic and environmental factors is largely 
cancelled out. 

A retrospective study in Holmes County, Ohio, based on 
10,314 Papanicolaou vaginal smears obtained between 1950 and 
1966, revealed a significantly lower frequency of cervical cancer 
in Amish women. Among 3,606 non-Amish women, three died 
of cervical cancer (a frequency similar to other rural popula- 
tions) whereas none of the 2,068 Amish women examined died 
of this disease. These data are even more interesting because the 
Amish have several characteristics associated with high risk 
groups, such as a high rate of reproductivity, absence of contra- 
ception, and a low rate of circumcision (at least among older 
males), In view of the similarities of economic standards and 
medical care practices between the two groups, it seems plaus- 
ible to attribute the difference in frequencies to some aspect of 
social or cultural behaviour. Social isolation and reduced 
sexual contacts between Amish and non-Amish might, there- 
fore, account for the reduced rate of cervical cancer if it is 
caused by a venereally transmitted agent. 

Blood group data are widely used by population geneticists 
in the study of evolution and genetic similarities of various 
groups. To further document subisolate formation among the 
Amish, ABO frequencies for three communities were determ- 
ined. Blood was collected systematically from the Amish isolates 
located in Adams County, Indiana’? and Lancaster County, 
Pennsylvania'*. For the Holmes County community, however, 
extensive data already available were used by taking advantage 
of the fact that Amish do not have telephones. Due to their 
interest in medical illness and the relatively high frequency of 
haemophilia B (Christmas disease), Amish in this area give 
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blood freely. Red Cross donor cards were compiled on all 
citizens of the area and Amish individuals identified by char- 
acteristic surname on cards without a telephone number. ABO 
frequencies among the three populations, as well as a random 
Anglo-Saxon sample, are compared in Table 2. It is apparent 
that the Amish not only differ from non-Amish in ABO fre- 
quencies but they evidently maintained significant isolation 
from each other. 

In spite of their apparently effective isolation from the 
external world, and evident internal stability, the Amish 
exhibit signs of stress that may indicate their eventual accultura- 
tion, at least to some degree, with the larger rural community. 
Demands for higher education and restlessness among young 
people seem to be increasing. Pressure for relaxation of rules 
against the use of mechanical devices such as tractors and auto- 
mobiles by older individuals is responsible for considerable 
internal strife and fragmentation. At the same time, rising costs 
and, in some areas, decreasing availability of good farm land is 
forcing many to resort to marginal, non-farming vocations, 
bringing them into closer contact with worldly temptations. 
Nevertheless, their reproductivity and strong internal sanctions 
make it unlikely that this unique society will disappear in the 
near future. In the meantime, these peculiar people have 
provided us with an unusual opportunity to study the genetic 
and epidemiological aspects of human disease to a degree that 
will be increasingly difficult to achieve among the modern 
population. 
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The channels of communication between scientists in 
the UK and USA during the late eighteenth and early 
nineteenth centuries, the growth in importance of the 
provincial centres and the relative position of London, 
are reviewed in the light of the social, cultural and 
political moods of the time. 





“Tue rights and liberties of our countrymen in America are 
much less dear to us than they ought to be.” The words 
were those of a rising Manchester physician, in a June 1774 
letter to a well known Philadelphia printer. The physician’s 


concern encompassed more than remote, colonial affairs. 
The situation at home also gave cause for alarm. “The 
principles of despotism in our Governors and of passive 
obedience in the people seem to be advancing by an equal 
and alarming progression.” These opinions were shared by 
other influential Mancunians, including a manufacturer who 
wrote some nine months later to Philadelphia’s foremost 
physician, saying “I sincerely regret, from more general 
considerations than my own interest, the unhappy divisions 
that prevail between the mother country and her colonies. 
Soon may they again be united, and may their quarrels like 
those of lovers, tend to confirm and strengthen the mutual 
affection which ought to subsist between them.” 
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The exchange of such sentiments was halted abruptly by 
the onset of the War of American Independence. It was 
almost ten years before the manufacturer wrote again, 
marvelling “how strange and unexpected have been the 
events . . . (causing) so long and unfortunate an interruption 
to our correspondence.” He went on to say that ‘tho’ 
separated and become subjects of different states, | trust 
that every spark of affection is not extinguished, or at least 
that individuals will renew and maintain their pristine 
attachments.” The hope was expressed in the formal 
language and cast in the individualistic terms of the period. 
As events were to show, the hope was also eminently 
realisable, and a clue as to why may be found in a third 
letter. It was in September 1786 that the then premier phy- 
sician of Manchester confided to his counterpart in the City 
of Brotherly Love: “I shall be happy in every opportunity of 
promoting a friendly and philosophical intercourse between 
my countrymen and the literati of America. The arts and 
sciences are the offspring of freedom; and 1 cordially 
rejoice that your noble exertions have secured to you these 
invaluable offspring.” 


The scientific network 

The series of letters from which these quotations come 
provide us with a glimpse of an important scientific network 
of the late eighteenth century. The correspondents-- 
Benjamin Franklin, Thomas Henry, Thomas Percival and 
Benjamin Rush—-were all major figures in their day, as was 
Joseph Priestley. Franklin’s work in electricity is well 
known, as is Priestley’s discovery of oxygen, Thomas Henry 
was also influential in the chemistry of the period, publish- 
ing translations of the work of Antoine Lavoisier in 1776 
and 1783. Percival in his turn was active in chemistry 
and meteorology, and was a pioneer of mortality statistics. 
He composed a standard work on Medical Ethics. Finally, 
Rush was not only a chemist and physician of note, but also 
a leading medical and psychiatric theorist. Each of the five 
participated actively in one particular link in the network of 
provincial, rationalistic dissent. 

Other scientific networks, each encompassing its own 
appropriate linkages, were also significant in this era, 
Two come to mind as especially important. Most immed- 
iately and most obviously, the affairs of the Royal Society 
of London, and of much else besides, were quite unselfcon- 
sciously controlled by the members of a network that linked 
together the metropolitan elite, the English universities and 
certain interested and influential country gentry. One reason 
that Sir Joseph Banks was able to entrench himself as 
President of the Royal Society and thus to serve for the 
record span of almost forty-two years (November 1778- 
June 1820) was because he exemplified in himself the three 
elements of this central network of the late eighteenth 
century. The third network, connecting with but quite 
distinct from the previous two, was the one that centred on 
the scientific interests of the Scottish nation. Its members 
came from the ranks of Scotland's ‘improving’ landlords, 
from among the professors at her several universities and 
from those native-born students who emigrated to England 
and her dependencies in search of wider opportunity. 

Analytically, we normally separate the science, the 
politics, the philosophy and the religion embraced by such 
men and involved in such networks, and treat each by itself, 
If, instead, we view the cultural values, social functions and 
intellectual commitments involved in more holistic fashion, 
we may understand better not only the ways in which 
images of science, progress and freedom were woven into 
the fabric of the American Revolution, but also the func- 
tions of scientific networks in the preindustrial age. The 
particular case of provincial, rationalistic dissent, as seen in 
the microcosm of the Philadelphia-Manchester link, may 
illuminate the macrocosm of social Structure, political 
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change and the growth of knowledge. Equally, our under- 
standing of the macrocosm may help us comprehend what 
we see revealed in the microcosm. 


London as a focal point 

By the mid-eighteenth century, London was Europe’s 
largest, richest, most complex and most cosmopolitan city. 
In population it was soon to outrank its nearest rival, Paris, 
by a factor of more than two. Within the English-speaking, 
as opposed to European, world, London’s pre-eminence 
was even more pronounced. No other English-speaking city 
was one tenth of its size. Advantages of scale were re- 
inforced by the city’s commercial, financial, intellectual, 
legal, political and social significance as the centre of a 
newly united Britain and of a dawning empire. The 
Royal Society of London for Improving Natural Knowledge 
was thus in an enviable situation. A metropolitan elite of 
peers, gentlemen of independent means and successful 
physicians, clergy and lawyers gave tone and direction to its 
activities, Foreign ambassadors and visiting princes attended 
its sessions. Lowlier but more earnest visitors from the 
colonies, the provinces and the lesser metropolises of Dublin 
and Edinburgh brought information, specimens and 
favourite but unwinnowed ideas. On returning home they 
took not only tested knowledge and new theories, but 
heightened aspirations and fresh models of behaviour. 
Benjamin Franklin was one of 53 American colonists who 
became an FRS. Thomas Percival, Thomas Henry and 
Joseph Priestley were among the larger, but uncounted, 
group of English provincials who succesfully sought the 
heightened social standing and envied cosmopolitan con- 
nections implicit in the Fellowship. The subsequent ostra- 
cism of Priestley provides a vivid example of how member- 
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ship still left one a likelier candidate for neglect than for 
office within what was correctly called the Royal Society of 
London. 


Importance of provincial centres 

Those on the provincial and colonial peripheries of the 
eighteenth century social world naturally sought approval 
from the centre and conformity with its values. Dissent was 
an alternative which was, however, sometimes as attractive 
as assimilation. Ambivalence between the two marked the 
growing mercantile communities of provincial cities from 
Birmingham to Boston. This ambivalence ensured good 
connections between provincial, rationalistic dissent and the 
central scientific network on the one hand, while also en- 
couraging connection with Scottish science on the other 
Those who literally dissented in central, religious values 
were of course, barred from graduation at either English 
university. Edinburgh provided a favourite locus for such 
dissenters. Its different devotional traditions and its own 
particular ambivalencies about English norms gave promise 
of congenial context. The varied clubs and institutions of 
the town and most especially its rapidly-growing university 
served as centres of socialisation into alternative values. 
Within the university itself, the medical school offered not 
only appropriate direction but also coveted certification for 
a burgeoning line of service and opportunity. Thomas 
Percival and Benjamin Rush both studied there. Percival 
later went so far as to secure an Edinburgh doctorate (of 
law) for his friend and mentor, Joseph Priestley (Priestley 
in his turn had sponsored the youthful Percival before the 
Royal Society) 

Edinburgh-trained physicians were drawn to the new 
medical opportunities apparent in the 1750s and 1760s in 
such rising provincial towns as Philadelphia, Manchester, 
Liverpool, Bristol, Boston and Birmingham. Most dramatic 
is the case of Philadelphia. The city was beginning to 
develop its own intellectual life and to serve as centre for 
the scattered seaboard communities of British North 
America. It was thus the natural site for the continent’s 
first. medical school. Like Rush and its founder John 
Morgan, its earliest professors all enjoyed Edinburgh MDs. 
Custom and the reach of law as institutionalised in the 
monopoly power of Oxford, Cambridge and the (London) 
College of Physicians were sufficient to preclude such 
developments in England. But MDs with Scottish training 
played influential, if less:formal, roles in provincial English 
towns, serving as nuclei round which social forms oriented 
to natural knowledge, polite behaviour and advanced 
political thought might crystallise. Their influence is 
apparent in the development of, among others, the Lunar 
Society of Birmingham (about 1765), the Manchester 
Literary and Philosophical Society (1781) and the Derby 
Philosophical Society (1783), as well as in the cognate cases 
of the American Philosophical Society (Philadelphia, 1769) 
and the American Academy of Arts and Sciences (Boston, 
1780). 

Medical men of all kinds, including apprentice-trained 
surgeons and apothecaries, were a key element in the 
growing eighteenth-century network of rationalistic, 
‘scientific’ dissent in both its provincial and colonial forms. 
Family connection and religious conviction also had major 
roles. If Edinburgh-trained physicians were the shock troops 
of the movement, dissenting ministers of a Socinian turn 
of mind served as its theorists; the most notable of 
these was Joseph Priestley. Between his electrical investi- 
gations and his brilliant discoveries of ever more curious 
sorts of “air”, he produced endless polemical broadsides on 
theology and served as a ‘culture hero’ to a generation. 
Priestley was directly associated not only with the Lunar 
Society and the Manchester Literary and Philosophical 
Society but also, eventually, with the American Philosoph- 
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ical Society. Less spectacular but more typical was the 
Turner family. William Turner was a Unitarian minister 
and an early member of the Manchester Literary and 
Philosophical Society. Using this as a model, he founded the 
Literary and Philosophical Society of Newcastle upon Tyne 
(1793), which he served as secretary for over forty years 
His son later fashioned a similar ‘Lit and Phil’ in the 
burgeoning industrial town of Halifax. 

Other examples of the connections between medicine. 
rationalistic dissent, merchant activity, manufacturing con- 
cerns and family lineage spring readily to mind. The Lunar 
Society provided a nexus for Darwins, Wedgwoods and 
Witherings to enjoy polite conversation, pursue natural 
knowledge and forge marriage alliances. Erasmus Darwin 
founded another Philosophical Society when he moved 
away to Derby in the early 1780s, and was promptly 
rewarded by election as an honorary member of the 
Manchester Society. As late as 1817-18 his grandson, 
Charles Darwin, attended a Unitarian school before arrange- 
ments were made for him to follow family tradition by 
reading medicine in Edinburgh. Finally, we note how a 
group associated with the Manchester Literary and Philo- 
sophical Society even went so far as to plan a pantisocracy 
in Pennsylvania when, following not only the American 
but the French Revolution, the political climate in England 
turned decisively against progressive, rational dissent. The 
movement to Philadelphia in 1794 of Thomas Cooper, 
Thomas Henry, Jr and the Joseph Priestleys, both senior 
and junior, may be seen as a last efflorescence within these 
eighteenth-century forms. (The first of the foursome 
obtained, the second unsuccessfully sought, and the third 
declined, a scientific chair within the University of Pennsyl- 
vania.) 


The network and the revolution 
The American Revolution symbolised the coming end of the 
symbiosis between provincial and colonial values. The path 
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of development in the USA was to be one in which 
Americans painstakingly, precariously and long unsuccess- 
fully sought to redefine “their” centre from London to 
somewhere—no one could agree where—in the new nation. 
Not until 1863 was an enduring National Academy of 
Sciences founded; not until the first World War did that 
Academy become a main voice in American science. The 
modes of federalism and pluralism developed in the USA 
contrasted strongly with the trend to centralism in British 
life. In the course of the nineteenth century the UK became 
a tightly integrated whole. The nature of that integration 
was neatly echoed in the new forms of science. The British 
Association for the Advancement of Science, founded in 
1831, depended heavily for its sustenance on scientific 
societies spawned from the network of provincial, rational- 
istic dissent. Reflecting its origins, it never met in London 
although in its infant days it was captured, and has since 
been controlled, by the central elite. To say this, however, 
is to progress ahead of the story and we must rather 
return to the later eighteenth century, when an Anglo- 
American network of provincial, rationalistic dissent was a 
significant element in the world of science and culture. The 
letters which follow indicate the modes, styles and concerns 
of that network as seen in the particular linkage from 
Manchester to Philadelphia. 

The earliest surviving communication from this link in 
the network is a letter from Thomas Percival to Benjamin 
Franklin of 1771. Characteristically, Percival encloses an 
offprint of a scientific publication, seeks critical commentary 
and concludes by saying “My friend Dr Priestley flattered 
me last summer with the prospect of seeing you at Man- 
chester, and obligingly promised to introduce me to your 
acquaintance.” Tt is not known how Franklin responded or 
when the two eventually met. The sustaining network of 
shared friends, values and commitments however, was such 
as lead to a ripening correspondence. Two years later 
Franklin wrote with commentary on census attempts, and 
remarks on climate and health. The following year Percival 
in his turn acknowledged receipt of “a packet of papers on 
the American affairs.” He was quick to point out that he 
had “‘distributed the pamphlets amongst persons of the first 
consequence in this town and neighbourhood. They have 
already circulated through a considerable number of hands 
and cannot fail of making some useful impressions.” 
Percival was equally quick to “‘inclose a little paper” of his 
own “extracted from a long memoir which T shall soon 
send to... . the Royal Society”. The easy turn from political 
affairs to scientific enquiry highlights how, for Franklin. 
Percival and other members of the network, similar values 
underlay the two pursuits. 

By this time Thomas Henry and Benjamin Rush were 
also active within the Manchester-Philadelphia strand of 
the network. In 1774 Henry sent Rush his book on the 
Properties of magnesia. Rush returned the favour. convey- 
ing the first volume of the Transactions of the American 
Philosophical Society and announcing that he had proposed 
Henry as a member of that fledgling body. The parallelism 
of developments in the two cities, and the way in which the 
network was underpinned by common concerns with trade 
and with medicine may he seen in Henry’s response. After 
dilating on the “very pleasing proofs of the progress science 
is making on your side of the Atlantic,” he continued that 
“happy as T am at Manchester in the society of several 
men of real genius, and most diligent investigators of 
nature, yet T must think that an inhabitant of Philadelphia 
has ample reason to congratulate himself on being situated 
in a city where the literati so much abound. One of your 
Society, Dr Williamson, was at Manchester in January and 
seems to be a man of very extensive knowledge.” (Hugh 
Williamson was just that and. as hefitted a Pennsylvania- 
born, but Edinburgh-trained, physician, he was later to he a 
founder of the New York Literary and Philosophical 
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Society.) Henry went on to mention “Dr Franklin, who... 
will carry you all the philosophical news,” a new publication 
of Dr Percival which “he purposes to send by the first 
opportunity to you and Dr Morgan” and “Dr Priestley 
(who) is proceeding in his experiments and intends in about 
two months to publish . . . (details of how) he procures air 
six times more salubrious than common air (that is, the 
landmark discovery of oxygen).”” Finally, it was reported 
that—in accord with best network practice—‘Dr Priestley 
has kindly put up my name at the Royal Society; he and 
some other of my friends had recommended me to Dr 
Franklin who had promised me all his interest”. 

This letter, which also contains the remarks about “the 
unhappy divisions that prevail between the mother country 
and her colonies” shows this one strand of the network 
at the height of its power, at the moment when war was 
about to disrupt its activities and transform its contexts. 
Even so, the next letter from Henry to Rush (dated May 
10, 1784) remarks that “the progress of literature and philo- 
sophy have not been wholly interrupted. As a proof of this 
a Society for the promotion of these objects has been 
established in this place, and has obtained some degree of 
celebrity . . . You were once so obliging to offer to get 
me elected into your respectable Society; and with your 
permission I will propose your name to be enrolled among 
our Honorary Associates.” Henry’s letter was conveyed 
by “Mr Joseph Hadfield” (who) belongs to a respectable 
commercial house here and is going to settle in 
America.” Symbolically covering the distance between 
both Manchester and Philadelphia philosophers and the 
Royal Society of London, the letter also reports how "a 
most excellent mathematician and philosopher and a very 
worthy man from Manchester had been “black balled”, Sir 
Joseph (Banks) making a party against him”. In like 
manner, Percival wrote to Franklin how “the loss of Sir 
John Pringle has almost ruined the Royal Society. But you 
are no stranger, I presume, to the disgraceful contentions 
of that learned body, and to the conduct of the President.” 
Once again distance from London was but the obverse 
of the coin of network linkages. Percival also wrote to 
Franklin saying the Manchester Society was publishing one 
of his scientific papers and that “I am commissioned to 
return the thanks of the Society to you for this communi- 
cation: to request your future correspondence: and to 
acquaint you that we have honoured our institution by 
electing you an extraordinary member.” Once more, the 
message was conveyed by a commercial traveller between 
the two cities. That same envoy also carried Rush’s dinloma 
and another letter containing news of Priestley’s work and 
greetings to Mancunians settled in Philadelphia. 

Not altogether surprisingly, the American Philosonhical 
Society returned the honour done two of its members by 
Percival and Henry. The ties of sentiment and interest were 
further strengthened by the formal exchange of publica- 
tions. As president of the Manchester Society Percival 
wrote to Franklin, President of the American Philosophical 
Society. acknowledging receipt of “the Vol. of American 
Phil. Transactions” and sending the “present of our 
Memoirs”. His letter referred to a visit of Dr and Mrs 
Priestley—the doctor “at this time gallantly engaged in 
attemnts to convert the Jews to Christianitv’—and touched 
extensively on the need to find means to purify the air of 
manufacturing towns, seeking Franklin’s advice. We can- 
not pursue the means by which two other members of the 
Manchester group were elected to the American Philo- 
sophical Society in 1789. Nor can we fully share the sur- 
prise with which Percival reported to Rush the following 
vear that “The Academy of Arts and Sciences at Cambridge 
in New England have lately conferred on me the un- 
solicited honour of election into their verv respectable 
Society.” Nor is it possible to follow the sequence from the 
French Revolution to the War of 1812 which brought this 
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particular Anglo-American link to an end. Instead, | shall 
point to two passages which so perfectly express the 
common hopes of the members of the Manchester- 
Philadelphia strand in the network of provincial dissent, 
that it seems appropriate to conclude by quoting them in 
full. In October 1786 Percival wrote to Franklin that: 


“The diffusion of the arts and sciences through so many 
extensive regions of the globe must afford a subject of 
contemplation peculiarly satisfactory to your mind . . . 
And I hope that Sun which has so long blessed the 
nations (namely, Franklin himself) will not set till the 
interests of truth and knowledge, of civil and religious 
liberty, are truly established in the Western Hemi- 
sphere, which it now enlightens”. 


In March 1790 he put it this way, to Benjamin Rush: 
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“I honour your enterprising genius, which is continually 
exerting itself in some liberal scientific and public 
spirited undertaking. Mental energy seems now to be 
the characteristic of America; and great are the expec- 
tations which may reasonably be formed concerning 
your rising republic”. 
| thank the John Simon Guggenheim Memorial Founda- 
tion and the National Science Foundation for partial 
support of the research reported here. | am also indebted 
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On each of two unmanned Viking spacecraft, a number 
of investigations are planned to be conducted on the 
surface of Mars this summer. Included in the science 
payload are instruments designed to determine the state 
of chemical evolution, including the possible presence of 
living organisms, on that planet. 





ON July 4, 1976, the first of a pair of unmanned spacecraft 
is scheduled to touch down on the planet Mars in an area 
located at 19.5°N and 34°W, in a region of low elevation, 
which seems to be a drainage basin for a large portion of 
the equatorial region of Mars (Fig. 1). Two months later, 
the second Viking spacecraft should touch down further 
north (44.3°N and 10°W) in another region of low eleva- 
tion, relatively close to the edge of the northern winter ice 
cap, and at a latitude where maximum quantities of water 
vapour have been measured in the Martian atmosphere’. 
Aboard both of these landers will be identical science 
‘payloads’, including cameras, meteorological and seismic 
Stations, and analytical equipment to conduct analyses of 
the surface material. These investigations are now planned 
to be conducted over a period of two months on each 
lander, but it is possible that the experiments will continue 
over considerably extended periods of time— approaching a 
full Martian year—if further funding can be made available 
for an extended Viking mission. The scientific objectives of 
this mission are manifold, but, among these, an assessment 
of the organic evolutionary state of the planet including a 
search for extraterrestrial life. is of paramount importance, 
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For the first time, another planet is to be probed directly 
for evidence supportive of modern ideas on the origin of 
life’. Mars, although not a hospitable planet as judged by 
terrestrial standards’, is the one planet, other than Earth. 
that most nearly satisfies our theoretical presumptions of 
the conditions for life to have evolved‘. 

For many years, telescopic evidence of morphological 
features, and their temporal changes, inspired speculative 
controversies about the presence of life on Mars. These 
older controversies no longer bear discussion in the light of 
the Mariner Mars-orbiter and fly-by missions (1964-71) 
which gave us a complete photographic mapping at resolu- 
tions of 1 km or better. It is now clear that water in a form 
available to living organisms is a likely limiting factor. The 
polar caps seems to contain substantial quantities of ice, 
but at temperatures far below those that would support any 
active terrestrial life. The temperate latitudes have con- 
genial daytime temperatures, but humidities far below those 
known for any earthly desert. A number of mechanisms 
have, however, been proposed for possible local anomalies 
that could furnish moisture at temperatures consistent with 
metabolism’. In addition, the Mariner photographs show 
many surface features that are most easily explained by 
assuming that episodes of weather, precipitation and the 
carving of river valleys have occurred in the geological 
history of Mars. 

These considerations have been taken into account, 
together with the engineering constraints, in planning the 
selection of landing sites. However, until our first successful 
landing, we have no reliable empirical basis for predictions 
about the local habitats of Mars. We have then been obliged 
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VIKING LANDING SITES 





LANDER 1: CHRYSE 


(19.5°N, 34.0°W; Elevation: - 1.0km ) 





sate 


At mouth of Valles Marineris and 
several smoll dry river beds. 


LANDER 2: CYDONIA 


(44.3°N, 10.0°W, Elevation: -0.5km) 





Covered seasonally by polar hood; 
high atmospheric water content. 


Fig. 1 Map of Mars, constructed from Mariner 9 photographs, showing the two prime landing sites for the Viking landers. 


to try to outguess Nature over a range of possible realities 
in planning these experiments. 


Scientific payloads of Viking mission 

While all of the experiments are expected to contribute at 
least peripheral information pertaining to the local milieu 
of the landers (for example, local temperatures, wind speed 
and direction, atmospheric composition, elemental composi- 
tion and magnetic properties of the surface material), three 
of the investigations hold the greatest promise for contri- 
buting directly to the question of organic chemical 
evolution on Mars. 

The first of these is the imaging investigation, which will 
utilise two facsimile cameras, capable of stereoscopic imag- 
ing, on each lander. These cameras will scan the landing 
site area in black and white, colour and infrared, with a 
resolution of about 2mm immediately below the landers. 
Examination of the surrounding terrain may reveal evidence 
of past or present living systems. Furthermore, frequent 
scans of this area may show signs (for example, colour 
changes) suggestive of living processes’, 


Also on board each Viking lander is an instrument that 
will perform organic analyses of the Martian surface 
material. This is essential not only for obtaining results 
which may be relevant to Martian life, but also may pro- 
vide valuable information in assessing the state of molecular 
complexity if the planet is in a prebiotic state of evolution. 
The heart of this instrumentation is a mass spectrometer, 
chosen because of its high sensitivity, wide dynamic range, 
and broad applicability. For the analyses, samples will be 
heated in ovens at 200°C and at 500°C, and the evolved 
organic vapour (if any) will first pass through a chromato- 
graphic column for separation. A complete gas chromato- 
gram takes 84 min and, during this period, the mass spec- 
trometer will record a complete mass spectrum from mass 
12 to mass 200 every 10.3 s (ref. 7). 

The biological payload supports three separate experi- 
ments which are based on different assumptions about the 
nature of a possible Martian biology. In the face of our 
relative ignorance of the local environmental conditions on 
Mars—for example, up to the present, there is no positive 
indication that nitrogen is present on Mars*—there is ample 
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reason to approach the question of life detection on Mars 
with a broad approach. The combination of biological 
experiments on Viking is thus designed to create a diverse 
set of environments within which to elicit evidence of 
metabolism. Three kinds of metabolic question will be 
asked. Is there evidence for building up of molecules con- 
taining carbon starting with “CO or “*CO.? Can small radio- 
active organic molecules be broken down to CO»? Are 
gases other than CO, produced or consumed? These broad 
experiments try to measure anabolic and catabolic reactions 
on Mars. The conditions vary from dry to wet; include the 
presence of simple and complex nutrient sources, as well as 
the absence of added nutrients; and include incubation in 
the light or dark. 

For the biological experiments samples will be analysed 
several times during each mission. They will be obtained 
from the upper 4cm of surface material and will be in- 
cubated for different periods of time in each experiment. 
Incubation temperatures are expected to run at 15+10 °C. 
Furthermore, each of the experiments is provided with the 
capability to perform a control experiment with samples 
preheated to 160°C for 3h, in the event that any of the 
experiments gives a presumptive positive result. 

Surface samples (approximately 6cm’) will be delivered 
into the biology instrument by an extendable boom at the 
end of which a jaw-like scoop digs into the surface to 
acquire samples (Fig. 2). 

The biology instrument contains four modules, one for 
each of the three experiments, as well as a common service 
module, which contains a helium source used to rotate 
incubation cells, purge incubation chambers, and for other 
operations as well as a system of vents for gases and for 
liquid wastes. A detailed description® of the instrument is 
beyond the scope of this communication, but a brief 
account follows. 

The pyrolytic release (or carbon assimilation) experiment 
is designed to measure either photosynthetic or dark fixa- 
tion of CO: or CO into organic compounds’. Both of 
these gases are known to be present in the atmosphere of 
Mars, and the experiment is designed to simulate, as closely 
as conditions permit, the actual Martian environment. The 
experiment hardware includes a xenon arc lamp with a 
spectral range and distribution quite similar to the solar 
spectrum, and with an intensity of about 20% of the maxi- 
mum Martian solar irradiation at the surface. The light 
source is provided with a filter to remove ultraviolet radia- 
tion below 340nm to prevent the non-biological fixation 
of carbon monoxide into organic compounds, as has been 
reported by Hubbard et al.™™. For this experiment, 20 „Ci 
of a mixture of “CO. and “CO (in a ratio of approximately 


Fig. 2 Viking lander. Surface sampler is seen extended at left. Biology 

sample processor and distribution assembly is seen midway between 

the two cameras. Biology instrument is beneath this component and 
not visible in this figure. 
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95:5) is injected into the headspace (containing Mars 
atmosphere) above a 0.25-cm’ surface sample that has been 
sealed off in one of the three incubation chambers provided. 
Incubation proceeds for the next five days in the light. 
While the incubation is proceeding, a long background 
count is taken. Following this period, the original incuba- 
tion atmosphere is automatically vented, and the sample is 
pyrolysed by heating to 625°C. During this stage of the 
experiment sequence, any residual initial radioactive CO 
or CO» will be driven out of the sample, through a column, 
the organic vapour trap (OVT), and into a “C detector, 
while organic fragments will be adsorbed on the OVT. 
After counting at this point in the sequence, the radioactive 
gases in the detector are automatically vented, and the 
detector is then heated to remove adsorbed gases. Following 
this step, and several additional helium purges of the OVT 
and the detector, the organic matter that had been trapped 
on the OVT is now eluted by heating it to 650 °C for 3 min. 
During this heating, any trapped organics are released from 
the column and are simultaneously oxidised to CO» by copper 
oxide present in the packing of the OVT. The effluent from 
this procedure is purged into the detector and counted. A 
radioactive peak at this time would constitute presumptive 
evidence for biological activity, to be followed by a control 
experiment using heat-sterilised soil. 

In addition to the sequence just described, the experi- 
ment can be modified by the introduction of water vapour 
into the incubation atmosphere by commands from Earth. 
Another commandable option in this experiment is to turn 
off the lamp to conduct a dark incubation. 

The labelled release experiment’ will test for metabolic 
activity during incubation of a surface sample that has 
been moistened with a solution of C-labelled simple organic 
compounds, consisting of a mixture of one-, two-, and three- 
carbon compounds, all uniformly labelled and in dilute 
aqueous solution. For this experiment, one of the four in- 
cubation cells provided in this module will receive 0.5 cm’ 
of surface material, and will be sealed with Martian atmos- 
phere trapped in the headspace above the sample. Following 
this, a background count, lasting approximately 24h, is 
taken, after which 0.115 cm’ of nutrient is automatically 
injected onto the sample. Incubation proceeds for the ensu- 
ing 8d. A second injection of labelled nutrient then occurs, 
and incubation continues for 2d. During the entire time, 
the atmosphere above the sample is monitored by a "6 
detector to determine the kinetics of released labelled gas 
following each injection. Incubation is ended by a termina- 
tion sequence to bring the background count down to pre- 
incubation levels. Following this ‘clean-up’ operation, the 
experiment is ready for another analysis cycle. 

The gas exchange experiment” will be conducted in two 
different modes using the same equipment. In one mode (the 
‘humid’ mode), Martian surface samples will be incubated 
in the presence of CO» and water vapour. This mode is 
based on the assumption that substrates may not be limit- 
ing on Mars, but that biological activity is dormant in these 
samples until enough water becomes available in the envi- 
ronment. The second mode (the ‘heterotrophic’ mode) 
assumes the presence of frankly heterotrophic organisms in 
the Martian surface. 

For both of these experimental modes, it is further 
assumed that metabolism of active organisms in the samples 
will cause the disappearance or release of one or more gases 
known to be involved in terrestrial metabolic processes. For 
an analysis, 1 cm° of sample is delivered into the single 
incubation cell. A mixture of CO: and Kr (in He) is then 
added to serve as the incubation atmosphere. After this 
step, 0.5cm® of nutrient is delivered to the bottom of the 
incubation cell. During incubation, the sample is retained 
in an inner-cup within the incubation cell so that the 
nutrient does not come into direct contact with the sample. 
The inner cup is porous and allows equilibration between 
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the sample and the incubation atmosphere. Gas samples 
(100 ul) are taken from the headspace above the sample 
immediately after the nutrient has been injected and at 
specified times thereafter for the next 7d. The gas samples 
are swept through a chromatographic column and the com- 
ponents detected by a thermal conductivity detector. If no 
command to the contrary is given after 7d in the ‘humid’ 
mode, the instrument will automatically inject additional 
nutrient bringing the total aqueous volume now to 2.5 cm’. 
With this amount of nutrient, the sample will be wet by 
the nutrient and incubation now will proceed in the ‘hetero- 
trophic’ mode. (The nutrient solution contains both p- and 
L-amino acids as well as other organic substrates, growth 
factors and inorganic compounds.) Incubation continues in 
this mode with gas samplings at stipulated intervals for the 
next 9d. At this point, options exist to proceed in various 
directions, depending on the data obtained. One is to drain 
the nutrient from the bottom of the cell and to introduce 
fresh atmosphere and fresh nutrient, and to incubate the 
original sample for an additional 19d. Or, the initial incu- 
bation conditions can simply be extended for an additional 
19-d period (that is, without draining the original nutrient 
or changing the gas atmosphere). If circumstances warrant 
it, the nutrient can be drained, the original sample dried, 
and a new sample introduced on top of the first one for a 
second analysis in the ‘heterotrophic’ mode, 

In addition to the “C data from the two radioactivity 
detectors, and the gas chromatographic data, several other 
measurements will be telemetered periodically from the 
spacecraft during the course of these experiments. These 
include the status of the xenon lamp, the position of each 
incubation cell, temperature measurements of each incuba- 
tion cell being used, and temperature measurements of both 
nuclear detectors, of the OVT and of the gas chromato- 
graphic column and detector. In addition, we will receive 
data on the pressure of the critical helium reservoir in the 
common services module. 

Figure 3 shows one of the flight instruments in its final 
stages of assembly. It contains, in addition to the incubation 
cells and sample distribution system, four different gas sup- 
plies, two different nutrients, two “C detectors, a thermal 
conductivity detector and chromatographic system, 43 dif- 
ferent heaters, 4 thermoelectric coolers, 39 miniature latch- 
ing solenoid valves, a xenon are lamp, 22,000 transitors, 
and 18,000 other electronic parts. All of this is packaged 
into a volume somewhat greater than 1 foot’, and weighs 
35 pounds. 

The three biology experiments differ in their sensitivity, 
as measured by their responses to terrestrial organisms. 


Fig. 3 Biology flight instrument in final stages of assembly. 
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Both the gas exchange and labelled release experiments 
have, by now, been tested against a wide variety of soils 
and they readily “detect” the presence of microbial flora 
in these samples when they are incubated in ambient terres- 
trial conditions. When these soil samples are incubated 
under the conditons in which the experiments will be 
operated on Mars, the responses are delayed by prolonged 
lag periods, but qualitatively similar responses are seen. In 
contrast, the pyrolytic release experiment does not respond 
to terrestrial soils at all when incubated in “Martian” con- 
ditions. Only when water is included in the incubation test 
cell is terrestrial biological activity demonstrable in this 
experiment. Accordingly, during the long test programme 
that preceded the manufacture of the flight instruments, 
several ‘standard’ soils were used to challenge the two ‘wet’ 
experiments. For the pyrolytic release experiment, soil was 
preincubated in the light in the presence of water to pro- 
vide fixed radioactive carbon compounds, dried, and then 
used in this form to test the equipment. Since the final 
flight hardware is designed to work on Mars, and not on 
Earth, and because the design of the biology package pre- 
cludes repetitive incubations (beyond four per experiment), 
and because of the rigid requirements to prevent terrestrial 
contamination, the flight instruments were not, and could 
not be, tested with terrestrial soils. Precursor instruments, 
built to flight specifications (with minor exceptions), did go 
through at least one prolonged test in simulated Martian 
conditions using one of our ‘standard’ soils, (containing 
1X10° aerobic, and 5X10* anaerobic organisms per g; 
with a pH of 4.8 and an organic content of 0.8%). In addi- 
tion, a flight-like instrument was installed on a lander and 
tested as part of a complete system, but these tests did not 
include analysis of any soils. Rather, known mixtures of 
gases were processed through the gas exchange hardware, 
and “CO. was used to challenge the other two experiments. 
These tests’*, while not completely satisfying, in that only 
a part of the complete system was tested, gave results 
entirely consistent with extensive prior testing at the module 
level. Finally, at the component level (that is, detectors, 
chromatograph columns, and so on), many of the actual 
flight components were extensively tested for their scien- 
tific as well as their engineering characteristics. In these 
tests, no significant anomalies were uncovered. In summary, 
the testing programme was less than optimal, being limited 
by time and fiscal constraints, but met the minimum stan- 
dards for confidence that the instruments will perform their 
nominal functions after landing on Mars. 

The team of scientists selected by NASA, in 1969, to 
plan and conduct the biological investigation on the Viking 
spacecraft consisted of the authors and the late Dr Wolf 
Vishniac (University of Rochester, Rochester, New York). 
The following individuals are collaborators in these investi- 
gations: Bonnie Berdahl, Glenn Carle and Richard D. 
Johnson (NASA, Ames Research Center, Mountain View, 
California); George Hobby (California Institute of Tech- 
nology, Pasadena, California); Jerry Hubbard (Georgia 
Institute of Technology, Atlanta, Georgia); and Patricia 
Straat (Biospherics, Incorporated, Rockville, Maryland). 
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Xenon record of the early Solar System 
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We suggest that xenon isotopes in meteorites and in outer 
regions of the Sun contain debris from a supernova which 
exploded in the vicinity of the present Solar System, and 
we conclude that xenon in the outer planets is enriched in 
this supernova debris. 





IN 1960 Reynolds? noted that the isotopic composition of xenon 
trapped in the Richardton olivine—bronzite chondrite and in the 
Murray carbonaceous chondrite differed in a uniform manner 
from that of xenon in air. He concluded that the general 
isotopic anomaly pattern of xenon in meteorites was primordial 
in origin, that is, characteristic of xenon incorporated in the 
meteorites at the time of their formation. Subsequent analyses 
confirmed that xenon trapped in other stone meteorites exhibits 
a similar pattern of isotopic anomalies?~*, now commonly 
designated as AVCC xenon. 

In 1964 Reynolds and Turner® analysed the isotopic com- 
position of xenon released by stepwise heating of the Renazzo 
chondrite and observed an unusual isotopic anomaly pattern 
in the xenon released at 700-900 °C. Relative to the two more 
abundant, B-shielded isotopes, '*°Xe and !°Xe, there was an 
enrichment of the heavy isotopes, '*’~!°*Xe, of the general form 
expected for a fission spectrum. It was noted that '**Xe and 
1*Xe also seemed to be enriched in the xenon released at these 
temperatures, and small amounts of these isotopes would have 
to be explained by some additional process. During the next 
eight years, analyses in several laboratories of xenon released 
by stepwise heating of other carbonaceous chondrites confirmed 
the presence of this strange xenon component’ —?, Attempts 
to understand the origin of this component were, however, 
focused exclusively on the enrichment of the heavy isotopes, 
and the strange xenon came to be referred to as “fission- 
produced xenon’, “Renazzo fission”? and “CCF” as an 
abbreviation for carbonaceous chondrite fission". 


Possible explanation 


In discussing the anomalous xenon in Renazzo, Reynolds 
and Turner® had stated that there were relatively large errors 
in the measurements of the light isotopes, but by 1972 relatively 
large enrichments of this anomalous xenon had been observed 
in other carbonaceous chondrites. It was then noted" that all 
available data on xenon released from carbonaceous near 
800 °C showed an excess of the light, proton-rich isotopes in 
addition to the enrichment of heavy, neutron-rich isotopes. 
This observation could not be explained by any of the mech- 
anisms previously proposed to account for the excess heavy 
xenon isotopes—spontaneous fission® of 2*Pu, a carrier® of 
heavy xenon adsorbed on carbonaceous material, neutron- 
induced fission’, isotopic mass-fractionation’"’, or fission?! —? 





of superheavy elements. We therefore suggested that the 
anomalous xenon represents an isotopically distinct component 
which had been trapped in carbonaceous chondrites and 
suggested two possible mechanisms for its production before 
being incorporated into the meteorite; either by a mixture of 
severely mass fractionated xenon with excess '*!—!**Xe from 
neutron-induced fission of transbismuth nuclides, or by a 
supernova explosion generating an excess of the proton-rich 
isotopes via the p process and an excess of the neutron-rich 
isotopes via the r process. At that time we noted that there was, 
however, no evidence among the other elements for distinct 
isotopic components from separate nucleosynthesis events. 
But isotopically distinct components of oxygen!® and mag- 
nesium'® were found in carbonaceous chondrites within the 
next two years, and others*®-** expanded on the possible 
role of a supernova explosion in producing the anomalous 
xenon in carbonaceous chondrites. 

Since the term CCF xenon had connotations of a mechanism 
which could only account for part of the isotopic pattern of 
anomalous xenon released from carbonaceous chondrites 
near 800 °C, we suggested component X as a more innocuous 
term for the xenon component enriched in the light and heavy 
isotopes". In 1974 we®* reported that component X contained 
at least seven of the nine stable xenon isotopes and noted that 
AVCC xenon itself contained component X, that is, before 
the incorporation of xenon in stone meteorites there were 
sufficient quantities of component X to produce an observable 
alteration in the isotopic composition of xenon in the region 
of accretion. 

Very recently Lewis et a/.** reported the results of a beautiful 
detailed study on the abundance and isotopic composition of 
noble gases in separated mineral fractions of the Allende 
carbonaceous chondrite. Their results offer the best description 
of component X. In the following sections we will use these** 
and earlier results of studies on carbonaceous chondrites by 
stepwise gas extraction data from studies on terrestrial xenon, 
and the results of studies on solar-wind implanted xenon in 
lunar soil to determine the quantity and distribution of com- 
ponent X in the solar system. This information will then be 
used to seek a better understanding of the origin of component 
X and the record it contains of events in the early history of the 
Solar System. 


Terrestrial xenon 

It is now known that radiogenic ™*Xe, the decay product 
of extinct !*] which Reynolds?” discovered in the Richardton 
chondrite, is a common component of meteoritic xenon. The 
discovery of radiogenic '**Xe in mantle-derived CO, (refs 26-28) 
demonstrates that the Earth started to retain this decay product 
at about the same time as the meteorites. Because of uncertain- 
ties in correcting for this radiogenic component, we will not 
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Fig. 1 A comparison of xenon isotope ratios in solar (S) and 

terrestrial xenon (A). The latter has been corrected forfission 

products from*'‘Pu. Three separate estimates of solar xenon are 

in close agreement, and two of the estimates are coincident for 

xenon isotope ratios at masses 131 (refs 47, 48), 132 (refs 47, 48) 
and 136 (refs 43, 47). 








consider the abundance of !*Xe in comparing terrestrial and 
extraterrestrial xenon. Since excess 13!~!3®Xe constitutes a 
major part of component X, however, it will be necessary to 
correct for fissiogenic 181-!8*Xe from another extinct radio- 
nuclide, ™4Pu. The latter was discovered in the Pasamonte 
achondrite by Rowe and Kuroda”, and should have produced 
more than 15 times as much fissiogenic !*!~!°*X%e as the 
spontaneous fission of *3*U over the history of the Earth. 

The results of several analyses®—3? of noble gases in shales 
and other carbonaceous minerals reveal extremely high 
concentrations of xenon, apparently from physical adsorption®3. 
The suggestion that the atmosphere may contain only one- 
tenth"! of the Earth’s total inventory of xenon has been 
confirmed by analyses*® of noble gases in a volcanic xenolith 
from the mantle. We will therefore consider the contribution 
from the fission of *Pu to the total concentrations of !31~138Xe 
in the ‘crust-atmosphere’ system, accepting the decay product 
of 17 Myr '®ĦI in the Earth’s mantle?! as evidence that *“Pu 
in the mantle has made a negligible contribution to the isotopes, 
'1~158Xe, in this system. Since there are 8.2x 10% atoms of 
198Xe in the atmosphere”, we estimate that the Earth contains 
a total of 8.2 x 10% atoms of !8*Xe. Podosek® has shown that 
*4Pu/258U = 1.27 x 10-2 when the St Severin meteorite started 
to retain Xe from the decay of *Pu. Assuming that the 
Earth started retaining fissiogenic Xe, '"Xe, at this time, 
an average uranium content of 1.3 p.p.m. for the Earth’s 
crust™, and a 6% fission yield at '°*Xe, then the decay para- 
meters of *4Pu (ref. 37) indicate that terrestrial xenon contains 
isotopes in the ratio 13*°Xe/135Xe = 0.018. From the fission 
yields of Pu (ref. 38), and the isotopic composition of 
atmospheric xenon®, we deduce the following isotopic com- 
position of fission-free terrestrial xenon: 124Xe: 12*Xe: 128Xe: 
9XKe: 131Xe; 13Xe: 14Ke: 18Ke = 2.353: 2.206: 47.03: = 
100:518.1:655.7:252.3:213.5. We will use the symbol ‘A’ to 
designate fission-corrected atmospheric xenon of this com- 
position in the following discussion on solar and meteoritic 
xenon. It should be stressed that we have purposely attempted 


29 


to make a conservative estimate of the contribution of ™*Pu 
to 15%1—138Xe by selecting one of the higher estimates for the 
total xenon content of the Earth and by assuming that all 
of this xenon is in the ‘crust-atmosphere’ system. This was 
done so that we will not overestimate the amount of com- 
ponent X in other parts of the Solar System. 


Solar xenon 


Marti*® first identified the presence of solar-wind implanted 
xenon in the Pesyanoe meteorite. Later studies of xenon in 
lunar fines and breccias confirmed the general isotope pattern 
which Marti reported in solarxenon. Several lunarscientists*! 4 
interpreted the results of their xenon analyses as evidence that 
the isotopic compositions of atmospheric and solar xenon are 
related by mass fractionation and attempted to explain AVCC 
xenon as a mixture of solar xenon with CCF xenon. Although 
this interpretation of the three known reservoirs of xenon is 
not consistent with the experimental data®*“5, it was widely 
accepted as additional evidence for a large component of fission- 
produced xenon in carbonaceous chondrites. 

Bogard et al.*8 and others*® have noted that the ‘true’ 
isotopic composition of solar xenon is still not known because 
many variations observed in the isotopic composition of xenon 
in lunar soils arise from mass fractionation. To compare the 
isotopic composition of terrestrial and solar xenon, we have 
therefore selected similar estimates of the latter from analyses 
of xenon in lunar fines by three, well recognised laboratories: 
Pepin’s laboratory at the University of Minnesota*®, Wasserburg’s 
laboratory at the California Institute of Technology*’, and 
Geiss’ laboratory at the University of Bern*’. The authors 
identify this xenon as trapped lunar Xe (ref. 43), SUCOR Xe 
(ref. 47), and BEOC 12001 Xe (ref. 48). We normalise these 
xenon spectra to '*Xe to facilitate identification of component 
X, which is enriched in both the light and the heavy isotopes 
relative to !Xe (refs 14 and 23). 

The relationship between isotope ratios in solar xenon, 
('Xe/!8°Xe)s, and xenon isotope ratios in fission-free atmos- 
pheric xenon, ('Xe/!*°Xe), is shown in Fig. 1. The dashed line 
corresponds to 3.45 % pera.m.u. fractionation of the ('Xe/!*Xe), 
values. This fractionated terrestrial xenon is very similar to 
solar xenon at !*8—132Xe, but the agreement is not very good 
at 1*Xe, 13Xe, !4Xe and 138Xe. Since studies of xenon in 
carbonaceous chondrites show that component X is highly 
enriched in these four isotopes, we interpret Fig. 1 as evidence 
that solar-type xenon contains a larger fraction of component 
X than does terrestrial xenon. Deviations of the heavy isotopes 
from the fractionation line in Fig. 1 suggests that ~ 7% of 
1386X%e in solar-wind xenon is from component X. This is a 
lower limit on the amount of component X in solar xenon; 
higher values would result if terrestrial xenon contains com- 
ponent X or a larger component of fissiogenic '*!-!°*Xe than 
indicated by our purposely conservative estimate. 


Meteoritic xenon 


The isotopic compositions reported* for xenon in separated 
mineral fractions of Allende confirm the presence of an 
enrichment of both light and heavy xenon isotopes in com- 
ponent X. Figure 2 shows the correlation between the enrich- 
ment of the two lightest xenon isotopes and the heaviest xenon 
isotope in mineral separates of Allende” and in the gas released 
near 800°C from earlier stepwise heating experiments on 
carbonaceous chondrites®®!°~!2, Qur estimate of fission-free 
atmospheric xenon is also shown in Fig. 2, and changes in its 
composition which can be accounted for by mass fractionation 
are represented by dashed lines. We will discuss the inter- 
sections of the fractionation lines with the solid correlation 
lines later, after considering correlations of other constituents 
in the separated mineral fractions of Allende. 

It has been suggested™ that we were too hasty in concluding 
that the correlation shown in Fig. 2 is evidence that excesses 
of the light and heavy xenon isotopes were mixed before being 
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Fig. 2 The correlation of excess '**Xe, '**Xe and '**Xe in mineral 

fractions of Allende** (@) and in xenon released by stepwise 

heating (C) carbonaceous chondrites** 19-12, Isotope data from 

stepwise heating experiments are from a tabulation by Sabu 

et al.**, Fission of a volatile superheavy element cannot account 

for the correlations observed between light and heavy xenon 
isotopes. 


trapped in meteorites. Anders et al.® suggest that the excess 
heavy xenon isotopes may be from in situ decay of a volatile 
superheavy element and the excess light xenon isotopes may 
be from an unknown isotopic fractionation mechanism which 
occurred during trapping. We will briefly examine the experi- 
mental evidence for this model. 

First, we will examine the correlations of excess '**Xe with 
volatile elements in mineral fractions at Allende, since the 
previously reported correlation'® of excess '**Xe with '**Xe, In 
and Hg in bulk meteorite samples seems to form the basis for 
this model. The correlations which result from the recent 
analyses**-* on In and Xe are shown in Fig. 3; Hg values were 
not reported. In 3Cl the concentrations of excess '*Xe is 
enriched 180-fold over its concentration in bulk Allende, but 
In concentrations are unchanged. The dashed line in Fig. 3 
shows the 45° correlation of excess '“*Xe with '**Xe in average 
carbonaceous chondrites’. The xenon in separated mineral 
fractions of Allende seem to define three sets of correlations 
between excess Xe and "Xe, none of which agrees with the 
correlation found in bulk carbonaceous chondrites. As we 
have noted earlier®, the 45° correlation reported'® between 
excess '®Xe and '**Xe in various meteorites occurs because the 
bulk isotopic composition of xenon in these meteorites is 
constant. Fractions of xenon enriched in component X can, 
however, be isolated by stepwise heating experiments or by 
separating mineral fractions. As the degree of separation of 
component X increases, the correlation with '**Xe decreases. 
The correlation is best for bulk meteorite samples because 
AVCC xenon itself contains component X. But we find little, if 
any, evidence in Fig. 3 to support the previously reported 
correlation" of excess '** Xe with In or '*?Xe. 

To seek evidence that the excess light xenon isotopes in 
component X result from an unknown fractionation process, 
we next look for the effects of this process in the isotopes of 
krypton. The isotope ratios of krypton and xenon in the 
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separated mineral fractions of Allende** are shown in Fig. 4. 
These isotope ratios show an excellent correlation between the 
enrichment of the light xenon isotopes and the heavy krypton 
isotopes. Anders ef al.” suggest that the heavy krypton isotopes 
were enriched by fractionation, but we know of no fractionation 
process which could enrich the heavy isotopes of krypton and 
the light isotopes of xenon to produce the correlations shown in 
Fig. 4. We have not considered the light krypton isotopes 
because of hydrocarbon background and large uncertainties? 
but conclude from Fig. 4 that isotopic mass fractionation is not 
a viable mechanism to account for the excess light xenon 
isotopes in component X. 

We will therefore consider the possibility that component X 
indeed represents an isotopically distinct component of xenon 
which has been trapped, together with terrestrial type xenon, in 
meteorites. Figure 5 compares the isotopic composition of 
xenon in the Earth, in average carbonaceous chondrites* and 
in the mineral fraction of Allende showing the most anomalous 
xenon, 3CS4 (ref. 24). The dashed line defines the values of 
('Xe/"°Xe), with 2.25 % per a.m.u. fractionation. This fraction- 
ation is also shown by the hexagons in Fig. 2 at the intersections 
of the dashed fractionation lines and the solid correlations. 
AVCC xenon, the xenon in separated mineral fractions of 
Allende, and the xenon released by stepwise heating of carbon- 
aceous chondrites can be understood in terms of various 
mixtures of mass fractionated terrestrial xenon and component 
X. Deviations from the fractionation line at '**Xe suggest 
that ~ 7% of the Xe in AVCC xenon, and 50% of the 
136Xe in the 3CS4 fraction of Allende, are from component X. 
We regard these values as lower limits for reasons stated earlier. 

Before considering the implications of component X, we 
wish to stress that results of the recent analyses on xenon in 
mineral separates of Allende* are inconsistent with our earlier 
suggestion" that the excess light isotopes in component X 
might result from mass fractionation. In addition to the reasons 
cited earlier for rejecting this mechanism, Lewis ef al.” point 


Fig. 3 Correlations of the ‘fission’ product, Xe, with In (A) 

and ™2Xe (@) in mineral fractions of Allende?™™*. The dashed 

line represents the correlation of Xe with '*Xe in bulk 

meteorites if the amount of '**Xe is calculated in the same manner 
used to calculate "Xe in Allende minerals. 
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out that there is a definite excess of !*Xe in the anomalous 
xenon above any plausible fractionation line through 126K e, 
t38Xe and 'Xe. This can be seen in Fig. 5 for the 3CS4 xenon. 
We therefore conclude that component X represents material 
from a supernova. 


Implications of component X 


We have shown that component X, an isotopically distinct 
type of xenon, is present in the Sun and in meteorites. The 
isotopic composition of xenon in the Earth, in meteorites and 
in the Sun can be understood in terms of mixtures of com- 
ponent X, fractionated terrestrial xenon, and radioactive decay 
processes. Terrestrial xenon seems to contain the least amount 
of component X, although recent analyses by Lightner and 
Marti"! suggest that indigenous lunar xenon also contains little 
or no component X. We offer the following outline of a model 
to explain the abundance and distribution of component X, 
using the term Y when referring to the other xenon component. 

Considering first the abundance of X and Y, it should be 
noted that both components made major contributions to 
xenon in our Solar System. The relatively small contribution of 
X to terrestrial and indigenous lunar xenon suggests that Y was 
dominant in the region where the inner planets accreted. 
Although X accounts for up to 50% of the *°*Xe in some 
mineral fractions of meteorites, such as the 3CS4 fraction from 
Allende, these minerals constitute such a small fraction of the 
total meteorite that they might be attributed to inclusions of 
small amounts of ‘dust grains’ which formed outside our Solar 
System. We have, however, shown that X is responsible for 
~ 7% of the !**Xe in both AVCC xenon and solar xenon. 
This observation requires relatively large amounts of X in the 
Solar System. In view of this, we regard the dominant role of X 
in certain meteorite minerals as evidence that X too was 
dominant in certain regions of our Solar System. We therefore 
conclude that the supernova was in the immediate vicinity of 


Fig. 4 Correlations of excess heavy krypton isotopes with excess 

light xenon isotopes in mineral fractions of Allende” (@). The 

isotopic composition of atmospheric noble gases are represented 
by the open triangles (A). 
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Fig. 5 A comparison of the xenon isotope ratios in AVCC4 (D), 
in the 3CS4 fraction of Allende” (@) and in fission-free terrestrial 
xenon (A). Linear fraction of the latter, 2.5% per a.m.u., is 
represented by the dashed line. Deviations of meteorite xenon 
from this line arise from the presence of component X. 
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our Solar System. 

Considering next the distribution of X and Y, we suggest 
that these two isotopic components may correlate with other 
properties of our Solar System. As noted above, Y seems to 
have been dominant for the inner planets. In bulk meteorites 
X accounts for ~ 7% of the !*Xe, but X is dominant in some: 
meteorite minerals. The physical position of the parent meteor- 
ite material in the asteroid belt, and the occurrence of X-rich 
and Y-rich minerals in meteorites, suggests that this region 
may represent the boundary between regions where X and Y 
were dominant. There is an abrupt change in the character of 
planets in the region of the asteroid belt. The giant, less-dense 
planets lie beyond the asteroid belt and may contain relatively 
large contributions from X. 

From the above considerations we conclude that our Sun 
was very likely once the smaller member of a binary star 
system. A supernova explosion of the other member produced 
debris rich in component X, in heavy krypton isotopes™, in 
™Pu (ref. 52), 1O (ref. 18) and “Mg (ref. 19), and perhaps 
rich in "Mg (ref. 19), helium and neon™. We expect that 
chemical elements of the outer planets will be enriched in these. 
Some of the debris also accumulated in the Sun, but the total 
solar abundance of X is not well defined, since material from 
the supernova may be enriched in the outer layers of the Sun. 
Hoyle”? pointed out that initially low concentrations of 
helium, and high concentrations of metals in the iron group, 
in the Sun’s core may account for the apparently low flux of 
solar neutrinos®. 

We thank Professor P. K. Kuroda for guidance in our 
graduate education. 
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Translation in vitro of vesicular stomatitis virus 
mRNA lacking 5’-terminal 7-methylguanosine 
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The 5’-terminus 7-methylguanosine of vesicular stomatitis 
virus mRNA is not essential for translation of the mRNA. 
The 7-methylguanosine seems to have a mediating rather 
than an obligatory role in ribosome binding by the mRNA 
and in mRNA translation. 





MESSENGER RNAs (mRNAs) from several animal viruses 
and animal cells contain the -terminal structure 
m'G™’ ppp’ NmpN(m)p'""". Vesicular stomatitis virus (VSV) 
and reovirus mRNAs synthesised by virion polymerases in 
the absence of S-adenosyl methionine contain the respective 
S’-termini G’ppp’ ApAp and ppGp; these RNAs will not 
direct synthesis of virus proteins in cell-free extracts from 
wheat embryo unless the methylated 5’-terminus 
m'G”’ppp’Nim)pNp- has been formed''*". Also, un- 
methylated reovirus MRNA will not bind to wheat germ 
ribosomes™*, In the light of these experiments and others 
involving the chemical removal of the terminal 7-methyl- 
guanosine from globin mRNA", it has been suggested that 
the 7-methylguanosine is obligatory for translation of all 
mRNAs in eukaryotic cells'™™, 

We were led to question the requirement for 7-methyl- 
guanosine in translation by the finding that the 5’-terminus 
of poliovirus mRNA purified from the polyribosomes of 
infected HeLa cells has the 5’-terminus pUp'*. We present 
here results which show, in contrast to previous work"', that 
a terminal 7-methylguanosine is not obligatory for trans- 
lation of VSV mRNAs. Oxidation or removal of the 
7-methylguanosine reduces the rate of protein synthesis 
about threefold and has a similar effect on the rate of 
mRNA binding to ribosomes in a reticulocyte cell-free 
system, Furthermore, some of this inhibition may be due 
to non-specific effects of periodate oxidation. 





Removal of 7-methylguanosine 


Cells infected with VSV contain five monocistronic viral 
mRNAs which encode the five viral proteins™™, and these 
mRNAs are complementary to the single-stranded RNA 
genome of the virus". VSV mRNAs purified from the poly- 
ribosomes of infected baby hamster kidney cells all possess 
a common 5’-terminal tetranucleotide structure, m’G*’ ppp” 
mAmpmAmpCp. This has only partial base methylation of 
the first adenosine and partial base and ribose methylation 
of the second adenosine’. The 5’-terminal 7-methyl- 
guanosine, because it has free 2°,3’ (ribose) hydroxyl groups, 
is susceptible to oxidation with periodate, yielding a 2’,3’- 
dialdehyde. Further treatment with aniline results in loss of 
the 7-methylguanosine by B-elimination. We found that the 
procedure which previously gave quantitative removal of 
this nucleoside from the terminal tetranucleotide’ was 
unsuitable for use on whole MRNA because it caused exten- 
sive degradation and aggregation of the mRNAs as well as 
some uncharactersised modifications of internal nucleotides. 
Therefore, we used the procedure detailed in Fig. 1 which 
involves use of less periodate and removal of periodate from 
the initial reaction by successive ethanol precipitations of 
the RNA before treatment with aniline. This procedure 
minimised but did not eliminate degradation, as is shown by 
polyacrylamide gel electrophoresis of the denatured mRNA 
(Fig. 1). The viral protein(s) encoded by the mRNA in 
each band have been described previously" and are indicated 
in the legend to Fig. 1. Both periodate oxidation and 
B-elimination resulted in detectable levels of degradation 
which are most obvious in the decreases in the peak heights 
of the larger RNA species. It is difficult to quantify the 
exact amount of degradation of each RNA species because 
of the presence of multiple RNA species on the gel; how- 
ever, the results suggest a loss of about 50% of N protein 
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Fig. 1 Polyacrylamide gel electrophoresis of oxidised and 
B-eliminated VSV mRNAs. *“P-labelled VSV MRNA was 
isolated by the following modification of a Previous procedure. 
A sample (2 1) of BHK-21 cells in spinner culture at 4x 10° 
cells per ml were concentrated by centrifugation, washed twice 
with 100 ml of PO,-free medium and then resuspended in 400 ml 
of PO,-free medium. Actinomycin D (final concentration 
Sug mi~) and VSV (multiplicity of injection, 10) were then 
added, and incubation at 37°C continued. One hour after 
addition of virus, 20 mCi of carrier-free "PO, (New England 
Nuclear) was added, and incubation continued for 3 h. Infected 
cells were then isolated by centrifugation and resuspended in 
10 ml of a solution containing 0.01 M MgCl., 0.01 M Tris-HCI 
(pH 7.4) and 25 ug mi DNase I (Worthington, DPFF). Cells 
were lysed by addition of 0.1 °% sodium dodecyl sulphate (SDS) 
and incubated at 37 °C for 5 min. Then the extract lost detectable 
viscosity, and SDS and sodium acetate (pH 5 2) were added to 
final concentrations of | % and 0.2 M, respectively, followed by 
extraction with an equal volume of a solution containing equal 
volumes of redistilled phenol and chloroform. After centrifuga- 
tion, the aqueous layer was withdrawn and the phenol layer was 
re-extracted with 5 ml of 0.2 M sodium acetate (pH 5.2). The 
combined aqueous layers were then precipitated with 2 volumes 
of ethanol, followed by isolation of VSV mRNA by binding to 
and elution from 0.3 g of oligo(dT)-cellulose™, This procedure 
yielded from 3 <10* to 10° c.p.m. in approximately 300 ug of 
mRNA. For periodate oxidation, 300 ug of lyophilised VSV 
MRNA (or 100 ug of VSV mRNA combined with 200 ug of 
unlabelled f2 phage RNA) was resuspended in 0.2 ml of 10 mM 
NalO, (freshly dissolved) and incubated for | h at 23°C in 
darkness. The RNA was then precipitated three times by addition 
of 0.4 ml of 0.1 M sodium acetate (pH 5.2) and 0.8 ml of ethanol. 
Half of the oxidised RNA was then resuspended in 0.1 ml of a 
solution containing equal volumes of 0.33 M aniline (pH 4.5, 
twice vacuum redistilled) and 0.15 M sodium acetate (pH 4.5) 
followed by incubation at 23 C for 4 h. The RNA was then 
Precipitated with ethanol three times as above.. Samples 
(approximately 10° c.p.m. each) of untreated (a), periodate- 
oxidised (b), and periodate-oxidised, f-eliminated RNA (c) 
were then denatured and subjected to electrophoresis on a 
3.75% polyacrylamide slab gel containing 98%, formamide, as 
described previously’*. Microdensitometer scans of the auto- 
radiogram of the wet gel are shown. Band 2 mRNA encodes 
the VSV G protein; band 3 encodes the N Protein; and band 4 
encodes the M and NS proteins', 


mRNA (band 3) and 30% of M and NS mRNAs (band 4). 

To quantify the removal of 7-methylguanosine from the 
mRNAs, samples were digested with penicillium nuclease 
(P1), an enzyme which degrades RNA to 5’ mononucleo- 
tides regardless of base or ribose modifications”, The 
5’-terminal structures expected from PI digestion of un- 
treated and -eliminated VSV mRNAs are m’G”ppp’(m)Am 
and ppp(m)Am, respectively’. To separate these termini 
from the 5’ mononucleotides, we subjected the digests to 
ionophoresis on DEAE paper at pH 3.5 (Fig. 2). Periodate 
oxidation and f-elimination resulted in the disappearance of 
radioactivity in m’G’ppp’(m)Am and its appearance in 
ppp(m)Am (lanes | and 2); the latter migrates much more 
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slowly than the parent structure because of the loss of the 
positive charge on 7-methylguanosine and the gain of an 
additional negative charge from the unesterified phosphate. 
The structures of these nucleotides were demonstrated by 
their respective resistance and sensitivity to digestion with 
alkaline phosphatase digestion and by the identification of 
the products derived by venom phosphodiesterase digestion 
of each, as was done previously: m’G”ppp’(m)Am *™® 
pm’G, Pi, p(m)Am; ppp(m)Am '""8 PPi, p(m)Am (ref. 5). 
The low levels of pppA and pppG in the mRNA prepara- 
tions are derived from a fraction of the non-polysomal 
VSV RNAs which terminate in 5’ triphosphates’. 

No residual 5’-termini containing 7-methylguanosine were 
detected from -eliminated MRNA (Table 1) since all 
residual radioactivity migrating at the position of 
m'G”ppp”(m)Am was sensitive to alkaline phosphatase. If 
1% of the RNAs had contained the 5’-terminus 
m'G”ppp’(m)Am), we would have detected it. Figure 2, 
lane 3, and Table 1 show that incubation of the B-eliminated 
RNA in the reticulocyte cell-free system in the conditions 
of protein synthesis does not result in the addition of 
7-methylguanosine to the 5’ end; the end remains 
ppp(m)Am. 


Translation without 7-methylguanosine 


The products of translation of these mRNAs in the 
reticulocyte cell-free system were resolved by polyacrylamide 


Fig. 2 DEAE paper iontophoresis at pH 3.5 of nuclease PI 
digests of VSV mRNA. Samples containing 10 ug of RNA 
were incubated with 0.01 ug of PI nuclease (Yamasa Shoyu Co., 
Tokyo) in 5 ul of 0.01 M MES (2-N morpholino-ethanesuiphonic 
acid, pH 6.2) for 30 min at 37°C. The limit digests of VSV 
mRNA were spotted on a sheet of Whatman DEAE (DE-81, 
30 » 60 cm) paper and subjected to electrophoresis at 30 V cm- 
for 4 h in 5% acetic acid, 0.5% pyridine. Lane 1, untreated 
mRNA; lane 2, periodate-oxidised, f-eliminated mRNA: 
lane 3, periodate-oxidised, B-eliminated VSV mRNA purified 
after incubation in the Bs gl system as described 
in Fig. 3. 
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Table 1 Quantitification of 5’ termini 


*% Total c.p.m. in each structure 


MiGs PPPS (MAM $ ppp (m) Am PPPA perG Total radioactivity 


HO OH oH OH on 
(c.p.m.) 
Untreated 0.17 0.0006 0.019 0.018 1.26 x 10° 
f , (2141) (8) (246) (227) 
Periodate-oxidised, B-eliminated < 0.0017 0.17 0.021 0.019 1.11 = 10° 
een (<20) (1874) (241) (208) 
B-Eliminated (analysis after incubation in a < 0.0017 0.16 0.018 0.019 1.13 = 10° 
protein synthesis reaction) (< 20) (1788) (212) (210) 


See ease ee ss ES Ee — eee Eee 
The 5’-terminal structures and 5’ monophosphates, separated as shown in Fig. 1, were cut out of the DEAE paper and radioactivity was 
determined in a scintillation spectrometer. For each structure c.p.m. are given in parentheses. Radioactivity in the spots labelled a and b (Fig. 2, 
lanes | and 2) was converted to P; after alkaline phosphatase treatment and thus is either derived from modified nucleotides at internal positions 
in VSV mRNA or generated as an artefact of nuclease P1 digestion. The spot labelled (c) (Fig. 2, lane 3) appeared only in nuclease PI digests 
of VSV mRNA which had been incubated in the reticulocyte cell-free system. Since half of the radioactivity in this compound was released as 
P, after alkaline phosphatase digestion, it is presumably a Pl-resistant modified dinucleotide of the form pNpN. : 
* We corrected for background due to trailing of mononucleotides into the region containing m’G*’ppp*(m)Am as follows. Radioactivity in 
this region was eluted with 30% triethylammonium bicarbonate (pH 7.8), lyophilised, treated with alkaline phosphatase, and subjected to 
electrophoresis at pH 3.5 on Whatman No, 3MM paper, as described previously®. The radioactivity in **P, relative to that in the phosphatase- 
insensitive structure m’G* ppp*(m)Am (16%) was taken as the fraction of contamination with mononucleotides, and the numbers in the table 
have been corrected for this contamination. All radioactivity in the reg‘on of m’G*‘ppp*(m)Am from B-eliminated RNA (285 and 260 c.p.m.) 
migrated as **P, after phosphatase treatment, and the numbers given in the table have been corrected to the limits of detection of remaining 


m’G*ppp*(m)Am. 


gel electrophoresis. Figure 3a and 6 shows that synthesis of 
M, NS and N proteins is proportional to the concentration 
of added control RNA. Synthesis of the VSV G protein is 
presumably obscured by the large background peak of 
reticulocyte protein at 2cm (compare Fig. 3e). Both 
periodate-treated and periodate-treated, B-eliminated MRNA 
direct the synthesis of authentic VSV M, NS and N proteins 
(Fig. 3c and d). Quantitation of these microdensitometer 
scans showed that periodate-treated RNA and periodate- 
treated, B-eliminated RNA directed the synthesis of 33% 
and 25%, respectively, of the amount of each of these 
proteins compared with the same amount of control RNA. 
The amount of protein synthesis directed by periodate- 
treated and periodate-treated, B-eliminated RNA was also 
directly proportional to added RNA concentrations (data 
not shown. 

Because we were concerned that the reduced translation 
of the chemically treated VSV mRNA might in part be due 
to effects generated not by removal of the 7-methyl- 
guanosine but by internal oxidations of bases in the RNA 
as well as degradation, we performed control experiments 
on f2 phage RNA which had been mixed with the ”P- 
labelled VSV mRNAs during the periodate-oxidation and 
B-elimination procedures. When translated in an E. coli 
cell-free system, periodate-oxidised, B-eliminated f2 RNA 
synthesised 80%, of the amount of f2 coat protein (molecular 
weight 14,000) and only 50% the amount of RNA 
synthetase (molecular weight 50,000) as did untreated f2 
RNA (data not shown). These experiments, as well as those 
showing degradation of VSV mRNAs described above, 
indicate that the level of translation in reticulocyte extracts 
after the periodate-aniline treatment must be regarded as a 
minimal estimate of the ability of VSV mRNA lacking 
7-methylguanosine to function in protein synthesis. 


Ribosome attachment 


Two additional studies confirmed that VSV mRNA lacking 
7-methylguanosine can participate in protein synthesis. 
After incubation in a reticulocyte extract in conditions of 
protein synthesis, 51%, of control RNA is incorporated into 
polyribosomes; these contain, on average, 3.4 ribosomes per 
mRNA (Fig. 4a, Table 2). The same amount of periodate- 
treated, and slightly less periodate-treated, -eliminated 
RNA is incorporated into polysomes. The decrease in the 
fraction of B-eliminated MRNA bound is due presumably 
to partial degradation of the RNA (Fig. 1). The average 
size of polysomes formed is reduced less than twofold 
compared with those from control RNA (Fig. 46 and c, 
Table 2). Assuming that the rate of polypeptide chain 
elongation and termination is the same for control and 
treated RNA, and that the average size of the VSV proteins 


produced is the same (compare Fig. 3), this experiment 
suggests that the rate of ribosome attachment to MRNAs 
lacking 7-methylguanosine is reduced less than twofold. 

This conclusion is substantiated by the experiments in 
Figs 5 and 6 which measure directly the rate and extent of 
incorporation of mRNA into 80S initiation complexes. 
Incubation of control VSV mRNAs with reticulocyte 
extracts in the presence of anisomycin (Imgml'), a 
specific inhibitor of polypeptide chain elongation® results in 
incorporation of 54% of the RNA into an 80S complex 
(Fig. 5a). This complex remains stable in a solution of 
0.5 M NaCl and 0.03 M magnesium acetate, but no initiation 
complexes are produced if the incubation mixture is of this 
ionic composition (data not shown). Hence, the rate of 
formation of an 80S complex can be determined accurately 
by diluting the incubation mixture into a solution of 
0.5 M NaCl and 0.03M magnesium acetate, followed by 
zone centrifugation to isolate the 80S complex. Figure 5 
shows that 53% of periodate-treated RNA and 37% of 
periodate-treated, B-eliminated RNA is incorporated into a 
salt-stable initiation complex. Again, the reduction in the 
extent of binding is due, presumably, to degradation of 
RNA. The time required for half-maximum binding of 
control RNA to ribosomes is 12s, while that for either 
periodate-treated RNA or periodate-treated B-eliminated 
RNA is about 35s (Fig. 6). A threefold reduction in the 
rate of binding to ribosomes was also observed when un- 
treated and periodate-treated, B-eliminated forms of a single 
VSV mRNA, that encoding N protein, were compared 
(control RNA, t:=10.1s; periodate-treated, B-eliminated 
RNA, 35.85; data not shown). This experiment rules out 
the possibility that the apparent reduction is due to pre- 
ferential destruction of the larger VSV mRNAs by the 
chemical treatment. 

The experiments reported here demonstrate that animal 
cell ribosomes can recognise the correct translation initiation 
sites on animal virus mRNAs from which the 5’-terminal 
7-methylguanosine has been removed since such MRNAS 
direct the synthesis of authentic viral proteins. The changes 
which we observe in the ribosome binding of periodate- 
treated, and periodate-treated, B-eliminated MRNA are a 
threefold reduction in the rate of binding to ribosomes, a 
twofold reduction in average polysome size, and a 20-30%, 
reduction in the total amount bound. The effect of the 
chemical treatments on the total amount of MRNA binding 
may be due only to MRNA degradation. Furthermore, we 
cannot rule out the possibility that the effect on the rate of 
binding may be due not to the removal of 7-methylguanosine 
but to nonspecific modifications introduced during periodate 
oxidation. Indeed, we have observed here that periodate 
oxidation on its own, which presumably leaves a dialdehyde 
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Fig. 3 Tianslation of VSV mRNAs Conditions foi protein 
synthesis ın cell-free extracts of rabbit reticulocytes have been 
described in detal?*. Reactions (39 pl) containing 7 pCi 
35§-methionine (200,000 mCi mmol-!, New England Nuclear), 
10-4 M each of 19 non-radioactive amino acids, and the indicated 
amounts of *#P-labelled VSV mRNA. S-Ado-Hcy (S-adenosyl- 
homocysteine) was added to all reactions at a final concentration 
of 7.4x 1074 M to inhibit methylation. Incubation was at 30 °C 
for 60 min Pancreatic RNase (5 ug) was added, and incubation 
was continued for 5 min more. A sample (3 pl) of the reaction 
was analysed on a 13% polyacrylamide slab gel as detailed by 
Laemml!*4 Shown are scans of autoradiographs (10-d exposure) 
of the fixed, dried gel. The region of the gel containing the 
globin 7-9 cm) is not shown. a, 03 pg of control VSV mRNA 
(7.7 ug ml™), b, 0.6 ug of control VSV mRNA (15 4 ug mi~): 
c, 0.6 pg of periodate-treated VSV mRNA (154 pg mi~); 
d, 0.6 ug of pertodate-treated and f-eliminated VSV mRNA 
(15.4 ug ml-), e, no added RNA. 
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Fig. 4 Incorporation of labelled VSV mRNA into polysomes. 
Reticulocyte cell-free reactions (120 ul) contained 10-4 M each 
of 20 amino acids, 7 x 1071 M S-Ado-Hcy, and | 5x 10° c.o.m. 
(01 pg) of ??P-labelled control VSV mRNA (a); periodate- 
treated RNA (b); or perodate-treated, B-elrminated RNA (c). 
Incubation was at 30 °C for 5 min. Reaction tubes were chilled 
on ice, and 1.2 ml of HSB (0.5 M NaCl, 003 M Mg (acetate)., 
0.02 M HEPES, pH 7.5) was added. The samples were layered 
on a 36-ml 15-30% (w/v) linear sucrose gradient, made up tn 
HSB, and centrifuged in a Beckman SW27 rotor at 4°C at 
26,500 r.p m. for 4 h. Samples were collected through a fiow cell 
in a Gilford recording spectrophotometer directly into scintilla- 
tion vials. The arrows represent optical density peaks of the 
reticulocyte polysomes which are due, predominantly, to the 
endogenous globin mRNA. Each sample was bleached with 
alkaline hydrogen peroxide and counted using Aquasol (New 
England Nuclear) in a Beckman scintillation spectrometer. 
In control reactions (which were not incubated at 30°C) only 
23% of the radioactivity was found in the monosome or 
polysome regions of the gradient (data not shown). Analyses of 
data from this experiment are in Table 2. 
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Table 2 Incorporation of 3*P-labelled VSV mRNA into polysomes 





Pertodate- 
Periodate- treated, 
Control treated B-eliminated 
RNA RNA RNA 


c.p.m. In monosomes or 
polysomes 77,910 57,612 46,346 


7 
cS 
i=] 


Proportionate number of 
ribosomes bound to 


VSV mRNA 260,720 162,913 105,769 
7 
R= >! Cc, 
=I 
Ribosomes per bound mRNA 
r= CIR 3 35 2 83 2 28 
Total cpm recovered 
from gradient C, 152,764 115,220 118,840 
Fraction of mRNA bound É 
to ribosomes 0.51 050 039 


Cs = CIC, 


In calculating the data given in line 2, the amount of radioactivity 
in any region of a polysome gradient was multiplied by the number 
of ribosomes per polysome (/), that 1s, by the number of ribosomes 
translating each mRNA ın that peak Hence, the total number of 
ribosomes translating the mRNAs ıs proportional to the sum of this 
product over all regions of the polysome gradient (line 2) Since the 
total radioactivity in polysomes (line 1) is proportional to the number 
of VSV mRNAs being translated, the average number of ribosomes 
per bound mRNA ıs given by line 3 


on the 7-methylguanosine as well as on the 3’-terminal 
adenosine of the mRNA, has virtually the same effect on 
reducing the rate of mRNA binding to ribosomes as does 
periodate-oxidation followed by #-elimination, which 
removes the oxidised nucleosides from the mRNA. 


Conflicting data 


Our conclusions conflict with those drawn in previous 
studies on translation of methylated and unmethylated VSV 
mRNAs synthesised in vitro by the virion-bound VSV 
polymerase. It was reported that VSV mRNAs synthesised 
in vitro terminate in G”’ppp”Ap” and that translation of 
this RNA in the wheat embryo system will not occur unless 
methylation at the N’-position of the guanosine has occurred 
before translation". 

Attempting to reconcile these results with our own, we 
synthesised VSV RNA in vitro in the presence of S-adenosyl 
homocysteine and verified that the product RNA contains 
the 5’-terminus G’ppp”Ap. We found, however, that this 
product RNA does not contain any discrete VSV mRNA 
species comugrating with authentic VSV mRNA on 
formamide-polyacrylamide gels. Instead, 80% of the 
product RNA is larger than the N protein mRNA and 
heterogeneous in molecular weight, while the remaining 
20% is present as bands running just faster than (approxi- 
mately 100-200 nucleotides shorter than) the authentic 
VSV mRNAs (unpublished observations of M. Brock and 
J. Rose) In contrast, 80-90% of the in vitro product 
synthesised in the presence of S-adenosyl methiodine does 
comigrate with authentic VSV mRNAs. These results sug- 
gest that methylation is involved in synthesis or processing 
of VSV mRNAs into the correct poly(A)-containing mRNA 
species The ability of these RNAs to function in in vitro 
protein synthesis is under study. 

Extensive experiments carried out with reovirus mRNAs 
have also indicated a requirement for a 5’-terminal 
7-methylguanosine in translation and ribosome binding”. If 
the methylated and unmethylated mRNAs compared in 
these experiments differ in no way other than the presence 
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Fig. 5 Binding of ??P-labelled VSV mRNAs to reticulocyte 
ribosomes. Reactions contained antsomycin (1 mg ml™!), a 
specific tnhibitor of polypeptide chain elongation?> but were 
otherwise identical to those of Fig 4 Gradient centrifugation 
and counting of the samples was as in Fig 4. In reactions not 
incubated at 30°C, 21-26% of the ??P-labelled RNA was 
found to sediment faster than 40S (data not shown) The per- 
centage of added **P-labelled mRNA bound to ribosomes after 
incubation was 54% (a): 53% (6), 37% (c) The concentration 
of VSV mRNA ın each reaction was | pg mio}. 
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Fig. 6 Rate of binding of VSV mRNAs to reticulocyte ribosomes. 
Reactions (330 ul containing about 10° c.p m. of *?P-labelled 
control VSV mRNA (O), periodate-treated RNA’ (O), or 
periodate-treated and B-eliminated RNA (A) were identical to 
those used in the study of Fig 5. Incubation was at 30°C. 
At times indicated, 75 ul samples were added to 0.5 M HSB at 
0°C. Samples were layered on 13-ml linear 15-30% sucrose 
gradients in HSB and centrifuged for 3.4 h at 40,000 r.p.m. in 
the SW40 rotor at 4° C. Collection and counting was as in 
Fig. 5. The percentage of the radioactive RNA found in the 
80S region of the gradient is plotted. A background of 2.1%, 
observed with unincubated samples, has been subtracted from 
each point. The solid curves are those of the first-order binding 


equation 
C= col = (a= ne) | 
7 o her ' 


where C ıs the percentage of RNA bound to monosomes at 
time ft, Co ıs the maximum value of C, and f,,. 1s the time 
required for half-maximum binding of the RNA. For each RNA 
. sample, Cœ and t, were calculated by a least-squares program 
using the observed data points. These values are: control RNA, 
Co = 42%, tr, = 11.7 s, periodate-treated RNA, Co = 
39%, ti, = 34.6 s; periodate-treated and B-eliminated RNA, 
Co = 28%, tı = 36.7 s. 





or absence of a 5’-terminal 7-methylguanosine as reported”, 
then the results imply a more intimate involvement of 
7-methylguanosine in translation of reovirus mRNAs than 
we observe for VSV mRNAs. This perhaps indicates a close 
proximity of the reovirus 5’ terminus to the translation 
initiation site, a situation already documented for the coat 
protein mRNA of brome grass mosaic virus’. 

We initially had great difficulty recovering translatable 
VSV mRNA after periodate-oxidation and B-elimination, 
and clearly did not completely overcome the problem of 
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degradation. Thus, we suggest that similar studies indicating 
a requirement for 7-methylguanosine in translation of 
cellular mRNAs'*” should be more carefully controlled for 
possible nonspecific effects of the chemical procedure. 

The model we favour is that in which the terminal 
7-methylguanosine has different effects on translation of 
different mRNAs For some mRNAs, for example, polio- 
virus RNA and VSV mRNAs, it is clearly not essential, 
but it may facilitate ribosome attachment to VSV mRNA. 
For other mRNAs, a 5’-terminal 7-methylguanosine may be 
essential. It is also possible that wheat embryo ribosomes— 
used for much of the previous work—differ from animal 
ribosomes in their dependence on the 7-methylguanosine 
residue. Indeed, we have observed as much as a tenfold 
reduction in translation of periodate-treated, B-eliminated 
VSV mRNA in the wheat embryo system, perhaps indicat- 
ing a more important role for 7-methylguanosine in this 
heterologous system. Thus, both the mRNA in question 
and the source of the translational components may be 
important factors in determining the effect of the 5’-terminal 
7-methylguanosine. f 
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X-ray pulses from globular clusters 


GIANT X-ray pulses have been observed recently by several 
groups'~’ from sources located in a number of celestial positions. 
Two of these sources may plausibly be identified with the 
globular cluster X-ray sources: NGC6624 and NGC1851. In 
several .cases®? the pulses seem to occur in approximately 
periodic sequences; in other sources the intervals are irregular, 


but in one case there is a relation between pulse strength and 
interpulse interval. The non-burst behaviour of globular cluster 
X-ray sources has been interpreted®? in terms of massive 
(2 10°Mo) black holes powered by accretion from a disk 
supplied by cluster gas. Wesuggest here that compact stars bound 
to the central massive black hole and orbiting through the 
accretion disk may produce, by several possible mechanisms, 
giant pulses. These pulses might be expected to exhibit a variety 
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of types of X-ray behaviour corresponding to the uncertain 
characteristics (for example, density and spatial extent) of the 
individual accretion disks at the different points at which the 
orbits of the bound compact stars intersect the disks. We note 
that there may be more than one class of sources of giant 
X-ray bursts and that our speculation refers only to those 
sources in globular clusters. 

We can easily estimate the expected orbital period of the star 
closest to the central black hole. The rate at which stars are 
captured has been computed by several authors!*!?. It is to an 
order of magnitude, and neglecting dimensionless constants, 





3 

4 m.s M) 

isà) ( 7 ) ~ 10 {M pu/10°Mo} yr? (1) 
core core 


where ‘core’ refers to characteristics of the globular cluster core. 
(The rate at which the tightly-bound orbits relevant to the 
present discussion are populated may be less than this, but our 
results are, fortunately, insensitive to N.) At small distances 
from the hole, gravitational radiation dominates the two- 
particle scattering and the drag caused by interaction with the 
disk. Stars with period, P, will spiral quickly towards the hole 
on a time scale 


Traa = (4) = 10° (M gu/10®Mo) 72/2 X 
R) on 


8/3 
x(M,[Mo)* (Fi) yr D 


The time that a star spends at any given radius decreases rapidly 
with decreasing radius (P o R®?; taa oc R4). Hence we find, 
by multiplying together equations (1) and (2), the period of the 
innermost stellar orbit that most likely contains one star 


P 2 4(Mpu/10°)~7/* h (3) 


Thus a clock with a period of hours to one day is natural in 
this model, in agreement with observations®’. (For main- 
sequence stars, tidal effects set a lower limit of this order to 
the orbital period.) Of course, the manifestation of this period 
requires various things about the accretion disk. ' 

The duty cycle for 3U1820—30 is apparently very small 
(~ 107%) so the interaction between the orbiting star and the 
disk would have to be relatively brief for this source, that is, a 
very thin disk ($1085 cm) would be required. At least two 
mechanisms for producing the pulses come to mind: (1) a small, 
hot, shocked area will be produced twice each orbit as the 
innermost star crashes through the disk This might be seen 
directly: its properties will depend on whether it is caused by an 
ordinary star losing mass by tidal stripping and producing a 
bow shock (R. Silk, personal communication) or, more likely, 
a compact star producing an observable accretion wake; 
(2) ripples will proceed from the shocked zone towards the 
centre of the disk producing, when the wave train reaches the 
innermost stable orbit, extra accretion and luminosity. 
Depending on the orientation of the system with respect to our 
line of sight, and on whether or not the disk 1s optically thick 
to X rays, one would expect to see one or two pulses per 
orbital period. Irregularities and instabilities in the disk could 
produce the observed? r m.s. phase jitter of < 0.04 per period. 

There are certain additional observational consequences of 
this model: (1) globular clusters in our Galaxy can be far away 
(~10 kpc) so that one would not be surprised if some of the 
sources near the galactic centre or at low galactic latitude were 
associated with optically obscured globular clusters; (2) the 
galactic latitude dependence of the sources we consider should 
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be similar to that of the known globular clusters except there 
may be a number of optically undiscovered X-ray globular 
clusters in the direction of the galactic centre (scale size ~ 1 kpc 
by analogy with globular clusters in Andromeda); (3) more 
than one period per source might be found if there were more 
than one star orbiting near the hole. If this were discovered it 
would be difficult to explain on the usual binary hypotheses; 
(4) as noted previously’, no eclipses should be seen according 
to this model and (5) a small odd-even effect caused by non- 
zero orbital eccentricity might be observable. 
This work was supported in part by the NSF. 
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Frequency variation of 
equatorial ionospheric scintillations 


Tue fluctuations in the signal strength of v.h.f. and u.h.f. 
transmissions from satellites received at ground level contain 
valuable information about ionospheric irregularities. These 
fluctuations, usually called scintillations, depend on the fre- 
quency of transmission, characteristics of the irregularities and 
the angle of incidence. At equatorial latitudes, there have as 
yet been few such observations, and there are reasons to expect 
the scintillation characteristics at equatorial latitudes to be 
quite different from those at higher latitudes because the 
ionospheric irregularities (mainly spread F Irregularities) 
responsible for scintillations differ widely in their characteristics 
with latitude. It is also well recognised that the equatorial 
region is a strong scintillation zone. At Trivandrum (dip 0°57’S, 
geographic longitude 76°57’E), a station close to the magnetic 
equator, amplitude and phase scintillations of the radio beacon 
transmissions on 40, 140 and 360 MHz as well as the amplitude 
scintillations of the 860-MHz television downlink from the 
geostationary satellite ATS-6 have been recorded since August 
1975. Here we present preliminary results on the frequency 
variation of the scintillation index. 

In Fig. 1 a typical record of scintillations on all the four 
frequencies is shown. The records at 40 and 140 MHz are 
synchronous whereas those on 360 and 860 MHz are not. It is 
a general observation that scintillations are faster at lower 
frequencies. The quasi-periods of fluctuations are in the range 
of few seconds to few tens of seconds, the quasi-periods being 
shorter at lower frequencies. Also, scintillations occur more 
frequently and earlier in the night at lower frequencies. We 
here consider only nocturnal scintillations which can be 
attributed to the phenomenon of spread F. For this study, data 
recorded during six nights in the month of October 1975 have 
been used. Of these, scintillations wêre observed on four nights 
at all four frequencies and on the other two nights scintillations 
were observed on 40, 140 and 360 MHz only. 

Using the amplitude scintillation data on all the frequencies, 
the S, scintillation indices! have been evaluated. For thic, 
the length of the data sample considered corresponds to 
~10 min, which 1s sufficiently long not to cause any error in 
the S, indices, considering the quasi-periods of the fluctuations. 
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It is reasonable to assume that this interval is short enough for 
the scintillation characteristics not to vary within this interval 
except perhaps during onset and decay of scintillations. It may 
be noted that the onset and decay periods are not included in 
the present analysis. 

The frequency variation of S, can be represented by 


_K 
Ps 
where fis the exploration frequency, 7 is the frequency index 


and K is a constant depending on the scintillation conditions 
only. This equation can be rewritten as 


Sy 


(Sd) 


(1) 


fr 
= n logig— 
472 1 


logio 


where (S4); and (S4); are the scintillation indices corresponding 
to the frequencies fı and fs. The quantities logyo[6S4)1/(S4)2] and 


Fig. 2 Frequency variation of S, index. 
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Fig. 1 Scintillations of ATS-6 
transmissions recorded at Tri- 
\ vandrum. All traces taken on 
204! October 21, 1975 except the 


second (360 MHz), which was 
taken on October 24, 1975. 


logol f/f] are plotted in Fig. 2. It has been found that the 
points (circles and crosses in Fig. 2) fall around two straight 
lines having different slopes. The slope of line A is 1.2 and that 
of line B is 0.46. The line A corresponds to frequencies > 140 
MHz whereas the line B includes data points at 40 but not 
860 MHz. A careful examination of the data showed that the 
S4 indices can be divided into two groups depending upon 
whether the S, index at 360 MHz is greater or less than ~0.5. 
The conditions corresponding to S4| sso >0.5 can be termed 
as strong scintillation conditions and those corresponding to 
Salaso <0.5 as relatively weak scintillation conditions. The 
lines A and B (Fig. 2) represent weak and strong scintillation 
conditions respectively. It is also found that when the Sa} 140 
is ~0.8, Ssla is also about the same (the triangle point in 
Fig. 2) indicating no frequency variation of the S, index in the 
frequency range 40-140 MHz. 

Recently Rufenach? has shown theoretically that, for the 
weak scattering case, n is between 1.4 and 1.6 depending on the 
exponent of the irregularity spectrum in the range 3.5-4.5. The 
multiple scattering case has been considered on theoretical 
grounds by Yeh ef al.*. They had shown that n is <1 for lower 
frequencies and it approaches a value of 1.5 at higher fre- 
quencies. The results presented here seem to agree with these 
theoretical considerations. The transition from the low to high 
frequency index appears to occur in the frequency range 
140-360 MHz. The reason for the low value of n obtained 
here for the weak scattering case as compared to that given 
by Rufenach? and Yeh et al.? is perhaps that line 4 (Fig. 2) 
representing the weak scatter case is somewhat vitiated by 
Salazo >0.5. A more detailed discussion on the theoretical 
interpretation of these results will be presented elsewhere. 
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Ocean temperatures and 
large scale atmospheric variations 


WE here analyse some observations of sea surface tempera- 
tures to investigate several aspects of large scale ocean- 
atmosphere interactions, in particular El Nino and the 
Southern Oscillation 

Monthly mean sea surface temperature observations for 
most of the Pacific Ocean between 50°N and 20°S for the 
period 1949-73 were given an empirical orthogonal function 
analysis based on values at 160 grid points, each centred in 
an area 10° longitude by 5° latitude’. This analysis produces 
orthogonal spatial functions and corresponding orthogonal 
time coefficients which are the best linear representations 
(predictors) of the data? The functions and coefficients 
may be thought of as analogues of the more familiar Fourier 
components and amplitudes, except that the empirical func- 
tions are determined from the interrelationships within the 
data itself. 

Figure | illustrates the most important empirical function 
of the deviations of the sea surface temperatures from the 
25-yr monthly means This function accounts for 23 1% of 
the total variance in the field. The temperature deviation 
explained (predicted) by this function for a given place and 
time is simply the product of the value of the function at 
that place and the value of the time coefficient for the 
month in question. The spatial pattern of this function 
reveals a large scale effect in which the equatorial and 
eastern Pacific vary in phase whereas the north-central and 
western Pacific are out of phase. The time series is a good 
measure of the occurrence and strength of the so-called 
El Nino (and its inverse), which is the name given to 
periods of warmer(cooler)sthan-average water off Peru and 
along the equator. 

The ultimate cause of the El Nino modulation is un- 
known, although it is believed to be closely linked to the 
equatorial wind-driven oceanic circulation. The pattern in 
Fig. 1 suggests an hypothesis for the termination of the 
equatorial warm-water periods. Higher equatorial sea- 
surface temperatures would tend to increase the rate of 
latent heat release in the tropical troposphere’, and this may 
be associated with greater poleward atmospheric fluxes of 
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heat and angular momentum’. These tendencies, coupled 
with an increased meridional subtropical atmospheric tem- ~ 
perature gradient induced by the sea temperature anomalies, 
would result in strengthened mid-latitude westerlies and 
equatorial easterlies. The latter would act to increase cold 
upwelling along the equator and reduce the transport of 
warm water from the west towards Peru by the equatorial 
countercurrent’. The result would be the destruction of the 
E] Nino conditions. A similar process was shown to be 
quite effective in increasing the easterlies in a numerical 
experiment by Rowntree’. This hypothesis is supported by 
the fact that, as indicated in Fig 1, El Nino generally ends 
in the Northern Hemisphere winter when the meridional 
fluxes in that hemisphere are a maximum’. Such a negative 
fecdback would imply that any causal mechanism proposed 
for El Nino must incorporate a persistence sufficient to 
explain the 6-18 month existence of the warm conditions. 

El Nino is closely related to or even a part of another 
phenomenon called the Southern Oscillation. The latter is a 
negative correlation of atmospheric pressure fluctuations in 
the south-eastern Pacific with those in the Indonesian 
region Lower pressures over the eastern Pacific tend to 
accompany warm water there and higher pressures over 
Indonesia. An empirical orthogonal analysis of tropical sea 
level pressure, temperatures, and rainfall by Kidson* shows 
the largest fraction of the longer term variability in these 
fields occurs in Southern Oscillation modes. Variations of 
the time coefficients of these modes are quite similar to 
those of Fig. I for the period of Kidson’s study, 1951-60. 
We have also compared the entire record of sea temperature 
coefficients with the variations of sea level pressure at 
Darwin, Australia, which has been used as a simple index 
of the Southern Oscillation’, for several lags and leads. The 
correlations at zero lag and when the sea temperatures lead 
the pressures by one month are both 0.55. The correlation 
when the pressure changes lead those of the sea tempera- 
tures by a month is 0.51, which is significantly different at 
the 95% confidence level. 

Our sea temperature-time series also bears a remarkable 
resemblance to that of mean temperatures of the tropical 
troposphere recently reported by Angell and Korshover'” 
for 1958-73, as shown in Fig 1 The only major discrepancy 
1s for 1964-65 when the tropospheric temperatures remain 
below the mean whereas the sea temperatures are above In 





60° rT Oo TI WZA 
50° Í 





—n Z— Latitude 


oe ae ee oS a ss Cs Ds Oe G N 


TTTtrrireat T 
pay 








Longitude 











Date 


it L 
E 140 160 180 160° 140 120 T00 


I 
1960 1965 1970 







Fig. 1a, Empirical orthogonal function of sea- 
surface temperatures identifying the El Nino 
mode, and b, its corresponding time co- 
efficients (solid line and left hand scale) and 
tropical troposphere mean temperatures 
(dotted line and right hand scale) The latter 
are dertved from three-month means of 
700-300 mbar thickness data for 14 stations 
situated near 20°N and 20°S, centred at 

A January, April, July, and October™. Tics in 
80 W the time series identify January of the 
respective year starting with January 1949 

and ending with December 1973 
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_ fact, the correlation coefficient between the two variables 
` 1s 0 74 for the whole period when the sea temperatures lead 
the air temperatures by 6 months This correlation increases 
to 080 when the years 1964-65 are excluded from the cal- 
culation Although there are several possible reasons for 
the breakdown in correlation in 1964-65, we discuss here 
only two. One hypothesis 1s that sea temperatures remain 
low during this period in other oceans thus holding tropo- 
spheric temperatures down. Preliminary results of an 
analysis of sea temperatures in the Atlantic indicate, how- 
ever, a small warming rather than cooling during 1965. 
A second hypothesis is that the difference is associated 
with a surface cooling resulting from the large increase ın 
stratospheric aerosol which followed the eruption of Mt 
Agung in March 1963 The additional aerosol was associated 
with a temperature increase in the tropical stratosphere of 
2-6 °C which took several years to disappear" Direct solar 
radiation measured at the ground was concomitantly 
diminished’ Since the middle tropical troposphere is mainly 
heated through latent heat liberation which is decreased 
during periods of reduced solar surface heating, part of the 
tropospheric cooling ın 1964-65 could probably be ascribed 
to the effects of Mt Agung. The magnitude of that effect 
remains an open question 

In addition to the six month phase lag which we have 
shown exists between tropical sea surface and tropospheric 
temperatures, Angell and Korshover report that tropo- 
spheric temperatures at high latitudes change six months 
later than those in the tropics. Although there are a number 
of possible factors that may introduce these lags, such as 
meridional oceanic transport processes and polar ice cap 
changes, separation of cause and effect is not possible at this 
time. Careful diagnostic studies and continuous monitoring 
of both ocean temperatures and volcanic eruptions, how- 
ever, may enable us to use these phase lags to advantage in 
seasonal forecasting. 

We thank the NSF and ERDA for support and John 
Kidson for a helpful review We also thank Alfredo Navato 
for his contribution. 
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Long term variations in western 

tropical Pacific cyclogenesis 

associated with the Southern Oscillation 

Tue ‘Southern Oscillation’, as statistically defined by Sir 
Gilbert Walker, is the barometrically recorded exchange of 


air mass in tropical latitudes around the complete circum- 
ference of the globet”. Indices of Southern Oscillation 
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based on the surface pressure differences between the 
Indonesian equatorial low (measured at Darwin, Australia) 
and the South Pacific subtropical high (considered the 
Southern Oscillation’s eastern core and measured at Easter 
Island) have been used by Quinn*”*, who relates fluctua- 
tions in these indices to anomalous equatorial rainfall and 
occurrences of ‘E] Nifio’, (the accumulation of anomalously 
warm water in the eastern tropical Pacific). In this 
paper, we use 12-month running means of monthly mean 
surface pressures over three areas across the northern 
tropical Pacific as an index of the Southern Oscillation 
index, and we find that pressure convergences in this index 
are associated with years of relatively low numbers of 
western Pacific tropical cyclones. 

Bjerknes? describes a major mechanism in the operation 
of the Southern Oscillation in the zonal atmospheric circula- 
tron which occurs over the equatorial Pacific between the 
ascending branches of the Hadley cells of the North-east 
and South-east Trade Winds. The normal sea surface tem- 
perature condition of warm water in the western tropical 
Pacific and cooler water (caused by equatorial upwelling 
and South American coastal upwelling) in the eastern 
tropical Pacific drives a zonal convective circulation along 
the equator between these two regions The distinguishing 
feature of this particular east-west flow is the potential 
energy release involved in the dry descent of colder air 
over the eastern and central tropical Pacific combined with 
the ascent of warm moist air over the western tropical 
Pacific. 

Anomalous warming of the eastern tropical Pacific sea 
surface has been related by Wyrtki® to increased transport 
of warm western tropical Pacific water into the eastern 
tropical Pacific by means of the equatorial countercurrent. 
These eastern tropical Pacific warmings, in the extreme 
being referred to as ‘El Nifio’, seem to occur aperiodically 
from 2 to 7yr apart The resultant decrease in equatorial 
sea surface temperature gradient across the Pacific reduces 
or halts the Walker Circulation, and is' associated with the 
decrease of Southern Oscillation index, that is, a reduction 
of the difference between surface pressures at Darwin, 
Australia and Easter Island. What initiates a warming trend 
is not yet understood. 

The situation of a well established Walker Circulation, 
with the ascent of warm moist air in the tropical western 
Pacific over a warm sea surface, enhances the first of the 
three conditions required for intense tropical cyclone for- 
mation As, described by Palmen and Newton’, the three 
conditions are ‘‘(1) Sufficiently large sea areas with a water 
temperature so high that moist air lifted from the lowest 
layers of the atmosphere (with almost the temperature of 
the sea surface), expanding pseudo-adiabatically, remains 
considerably warmer than the surrounding undisturbed 
atmosphere at least up to a level of ~ 12 km. (2) A Coriolis 
parameter larger than a certain minimum value, thus 
excluding a belt of ~ 5° to 8° latitude on either side of 
the equator. (3) Weak vertical wind shear and corres- 
pondingly, weak baroclinity in the basic current in a deep 
tropospheric layer ” 

Ramage further notes that over the Pacific, near- 
equatorial troughs coincident with sea surface temperature 
maxima are the primary spawning grounds of almost all 
hurricanes The preconditions of Palmen and Newton’ are 
then related to these troughs. Condition (1) is satisfied 
along the trough axis with the warmest sea surface tem- 
perature. Condition (2) 1s satisfied when the trough is > 5° 
from the equator where vortices can develop. Condition (3) 
is also satisfied, since weak vertical shear occurs above the 
sea surface temperature maximum associated with the 
trough axis. 

It can be reasoned that a strong convective Walker 
Circulation, driven by the thermally derived pressure 
gradient between the warm western equatorial Pacific and 
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a cooler eastern equatorial Pacific, might reinforce the con- 
ditions of tropical cyclone development in the near- 
equatorial trough in the western Pacific. 

The question thus arises whether an eastern tropical 
Pacific sea surface temperature warming with the resultant 
decline in Walker Circulation and decreased ascent of 
warm moist air in the tropical western Pacific can be asso- 
ciated with a decline in the total number of tropical 
cyclones in the western Pacific for the given ‘warming’ 
year. 

Twice-daily surface pressure analyses from 1946 to 1974 
were used in the present study. The data were digitised in 
a 63X63 polar stereographic grid (grid size at 60°N is 
381 km). The manually analysed charts were digitised at 
the National Climatic Center (1946-55, 1960-62) and in 
the National Center for Atmospheric Research (1956-59). 
From January 1963 onwards, the numerically analysed 
surface pressure charts from Fleet Numerical Weather 
Centre were used. The properties of these digitised surface 
pressure data are further described by Larson’. 

Monthly means of surface pressure are computed for 
each grid point and each individual month, with emphasis 
mainly on three areas in the tropical Pacific in a latitudinal 
band, 0° to 15°N: The EASTROPAC area reaches from 
the Central American coast to 150°W; the CENTROPAC 
area lies between 150°W and 165°E; and the WESTROPAC 
area extends from 165°E to the Asian coast. The 0° to 
15°N latitudinal band includes the main portion of the 
northeast tradewind zone, north equatorial current, and 
equatorial countercurrent The monthly means as well as 
12-monthly running means of surface pressure are com- 
puted for these three different areas; the 12-month running 
means are computed to eliminate most of the seasonal cycle 
and depict the long term (> 1 yr) changes. 

Plotted together (Fig 1a) the 12-month running mean 
surface pressures converge and diverge in good agreement 
with Quinn’s** Southern Oscillation index and Wyrtki’s® 
equatorial countercurrent index (Harding and Larson’’). 
This indicates that the data represent a manifestation of 
the Southern Oscillation, north of the equator. 

The total numbers of tropical storms plus typhoons in 
the western Pacific for each year, 1946-74, according to 
Hamilton", are plotted to give a measure of interannual 
variations in tropical cyclogenesis : 
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Fig. 1 Tıme series (1946-74) of 12-month 

running mean surface pressures (10-? Pa, 

lPa = 10—5,bar) for EASTROPAC (E), 

CENTROPAC (C), and WESTROPAC (W) 

and b, frequencies of western Pacific tropical 
cyclones. 








1970 1974 


More rigorous data treatment is not attempted because 
of the variety of available sources of pressure analyses and 
of the increased detectability of tropical cyclones with the 
advent of satellite meteorology in recent years. 

Figures la and 15 present the 12-month running mean 
surface pressure plots for EASTROPAC, CENTROPAC 
and WESTROPAC as well as the yearly tropical cyclone 
numbers. The convergences of surface pressure between 
EASTROPAC and WESTROPAC (associated with 
EASTROPAC sea surface temperature warming (Wyrtki'’, 
Harding and Larson'’)) since 1956 are associated with the 
minima in the number of tropical cyclones in the corres- 
ponding years. This is as expected, in as much as these 
pressure convergences indicate decreases or stoppages of 
Walker Circulation, and the resulting decrease in the 
amount of warm moist air ascending in the tropical western 
Pacific. Also to be noted are the tropical cyclone maxima 
occurring with the greatest EASTROPAC-WESTROPAC 
pressure differential, which indicate strong Walker Circula- 
tion and well maintained ascension of warm moist air in 
WESTROPAC. 

The results of this study indicate that fluctuations in the 
Southern Oscillation seem related to interannual variations 
of tropical cyclogenesis in the western Pacific. The 
mechanism which connects these phenomena is probably 
the large scale release of potential energy caused by the 
thermally driven equatorial Walker Circulation High pres- 
sure differential between the EASTROPAC and WEST- 
ROPAC represents good Walker Circulation and is 
associated with interannual maxima in western tropical 
Pacific cyclogenesis. Pressure convergence of EASTROPAC 
and WESTROPAC represents little or no Walker Circula- 
tion, and is associated with tropical cyclone minima 

I thank Mr S. Larson, for providing the data on which Fig. 
la is based; Dr T. Laevastu, for advice; Ms W. Carlisle and 
Ms M. Dimock, for typing; Mr R. Clark, for drafting Fig. 
la and b, and Mr S. Bishop, for editorial assistance. 
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Three late-Devensian 
sites in West-central Scotland 


PRELIMINARY investigations of late-Devensian sediments 
that include moss-sedge peat and moss detritus suitable for 
radiocarbon dating indicate movement of thick layers of 
till on the sides of drumlins in west-central Scotland since 
~11,150b.p. Two of the sites investigated are in inter- 
drumlin depressions on the north-eastern side of Glasgow: 
at Springburn (NS 609678) and Robroyston (NS 633676). 
The third site is between Paisley and Irvine on the floor of 
the Lochwinnoch Gap at North Kerse (NS 339556). The 
Quaternary sedimentary sequences at the three sites are 
shown in Fig. 1 

At Robroyston the silt underlying the till contains sparse 
fruit stones of a pondweed, Potamogeton cf. pectinatus L., a 
submerged aquatic plant of base-rich water, but 
virtually no pollen Abundant remains of the algae 
Botryococcus and Pediastrum were found with a spore of 
the terrestrial, calcicolus moss genus Encalypta and 
numerous derived Carboniferous spores The peat, com- 
posed of the moss Scorpidium scorpioides (Hedw ) Limpr. 
(another indicator of base-rich water) and a sedge (Carex 
sp ), has a pollen flora overwhelmingly of Cyperaceae but 
wtih 13 other taxa of herbs and dwarf shrubs (Table 1). The 
radiocarbon-dated material was the Scorpidium—Carex peat 
which, on careful examination, showed no Carboniferous 
contamination. 

The lower peat at Springburn, consisting of pure Scor- 
pidium scorpioides, has a pollen flora fundamentally 
similar to that of Robroyston in its large proportion of 
Cyperaceae, its range of herbs and its very low proportion 
of trees (Table 1). The upper peat contains mixed oak 
forest pollen with high Alnus, Corylus and ferns. The lower 
radiocarbon-dated sample was the Scorpidium peat (no 


Fig. 1 Late-Devensian sedimentary sequences at sites investi- 
gated at Robroyston, Springburn and North Kerse, based on 
borehole records (all three sites) and observations in excavation 
pits (Robroyston and Springburn) The locations of radiocarbon 
dated samples within the sequences are indicated by the relevant 
laboratory numbers Dates (tn yr) are‘ SRR 696, 11,653 + 190; 
BIRM 668, [1,210 + 150; SRR 697, 11,265 + 125, SRR 760, 
5,994 + 50; SRR 761, 11,140 + 110 and SRR 756, 11,210 + 190. 
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sign of Carboniferous contamination) and the upper was a 
highly decomposed peat. 

The two sub-till peats, from Robroyston and Springburn, 
indistinguishable in age and very similar in botanical con- 
tent, point to identical, if perhaps very locai, environments 
—-wet tundra of a rich fen type ın the inter-drumlin hollows, 
possibly with the adjacent grassy slopes bearing heliophilous 
herbs such as Helianthemum and Artemisia. Very little is 
known, as yet, of the late-Devensian vegetation of west- 
central Scotland, but it is now evident that rich fens with 
Scorpidium and Carex were widespread during the Allerød 
oscillation; there are previous records from Garscadden 
Mains (NS 524712). just West of Glasgow'?, and from 
Drymen (NS 490923) near Loch Lomond? 

Table 2 lists the macroscopic plant assemblage sieved 
from ~ 500 ml of the clay at North Kerse. The assemblage 
is mainly, if not entirely, allochthonous. By far the most 
abundant fragments are of the moss Rhacomitrium 
anuginosum, an often abundant colonist of freshly exposed 
rock or mineral soil Aulacomnium turgidum is a common 
tundra moss, now rare in the Scottish mountains. This 
species and Alchemilla vulgaris agg. have few Quaternary 
records, the other taxa are well known from the British 
Quaternary’* The material used for radiocarbon dating 
consisted of fragments of Rhacomitrium with a slight 
admixture of vascular plant debris Abundant small frag- 
ments of coal were separated by flotation and by manual 
removal under a dissecting microscope. 

The evidence from the three sites may be synthesised as 
follows: 

(1) At Robroyston and Springburn, glacial till on the 
flanks of drumlins overlies peat deposits dated ~ 11,650- 
11,150 b.p and containing flora indicative of tundra con- 
ditions The till in contact with the organic deposits is 
unweathered and resembles the typical grey till constituting 
the drumlins of central Glasgow’, till that is commonly 
regarded as a product of the main Devensian glaciation, 
thought to have occurred in west-central Scotland broadly 
between 27,000 and 13,000 b p. 

(2) At Springburn the till underlies peat dated 5,994+ 
50b.p. and therefore must have been emplaced in its 
present position by natural processes rather than by the 
industrial activities of man. Inferentially, the till at Robroy- 
ston also was transported to its present position by natural 
processes. 

(3) At North Kerse, the plant detritus dated 11,2104 
190 b.p is indicative of tundra conditions The detritus is 
overlain by sands and gravels which, on initial investigation, 
are thought to have been deposited in an aqueous environ- 
ment 

Possible alternative interpretations of the evidence are 
these 

(1) The till at Rotroyston and Springburn was deposited 
directly by ice ın its present positions in the course of a 
glaciation that occurred later than ~ 11,150b.p The tundra 
conditions indicated by the peat deposit at Robroyston, the 
lower peat at Springburn and the dated organic detritus at 
North Kerse may represent the onset of colder, glacial con- 
ditions in west-central Scotland after a’ warm episode ~ 
13,000-12,000 b p. (ref. 6) At North Kerse, the sands and 
gravels overlying the organic detritus may have been 
deposited penecontemporaneously with the till in a peri- 
glacial regime outside the area of glaciation at Robroyston 
and Springburn. ; 

(2) After initial deposition by glacier ice, the till at Rob- 
royston and Springburn was moved to its present positions 
by solifluction processes while contemporaneously the sands 
and gravels at North Kerse were deposited in a periglacial 
environment during a cold period that commenced ~ 
11,200 b.p. (cf. the commonly recognised cold episode in 
Britain between 11,000 and 10,000 b.p.; with average July 


44 





Table 1 Taxa found in the peats at Robroyston and Springburn 





Sub-till peats 
Robroyston Springburn 
per cent P + S 


Taxa 


Betula 2 

Pinus + + 
Salix i + 

Gramineae 2 

Cyperaceae 91 65 
Ericales 1.5 
Empetrum 

Artemisia 

Caryophyllaceae 
Compositae 

Cruciferae 

Helianthemum 
Myriophyllum alterniflorum 
M verticillatum 
Ranunculaceae 

Rosaceae 

Thalictrum 

Umbelliferae 

Valeriana 

Filicales 

Lycopodium selago 
Selaginella selaginoides 
Unidentified 
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temperatures below 11 °C suggested by the evidence of 
Coleoptera’ ) i : 

The first interpretation must be considered improbable 
on the grounds that first, in western Glasgow and its en- 
virons, grey till constituting drumlins, apparently of the 
same swarm as those at Robroyston and Springburn, 1s 
overlain at a number of locations by marine deposits con- 
taining mollusc shells dated 12,600-12,400 b p (ref. 7), and 
second, there is no known evidence to suggest that in west- 
central Scotland the ice margin of the Loch Lomond 
Readvance (maximum ~ 10,500 b p.) extended beyond the 
southern flank of the Loch Lomond Basin‘. 





Table 2 North Kerse macroscopic plants 








Taxa from dry ground habitats Remains 
Mosses Aulacomnium turgidum (Wahl ) 3 If 
Schwaegr 
Encalypta sp. 1 cl 
Polytrichum alpinum Hedw. 4st, 6lf 
Rhacomiti ium lanuginosum > 100 st 
(Hedw.) Brid 
Vascular Plants Alchemilla vulgaris agg. I fr 
Salix sp. \ I tw 
Salix cf. herbacea L. 1 If 
Taxa from aquatic, wetland or streamside habitats 
Mosses Callie: gon sarmentosum (Wahl ) II st 
Kindb. 
Philonotis sp 2 st 
Vascular Plants Carex rostrata Stokes ` I fr 
Menyanthes trifohata L. 3 se 
Myriophyllum alte: niflorum DC 2 fr 
Ranunculus subg. Batrachium I fr 
Selaginella selaginoides (L ) Link I mg 
Taxa unclassified by habitat 
Mosses Amblystegiaceae 6st 
Bryum sp. ‘ 3 st 
Pohlia sp. 3 st 
Polytichum sect Juniperifolia Brid. 1 If 
Vascular Plants cf. Cruciferae 2 se 





If, leaf; cl, calyptra; st, leafy stems; 
fr, fruit; tw, twig; se, seed; mg, megaspore. 
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The second interpretation lends support to suggestions 
recently made regarding late-Devensian climatic conditions 
in Britain, and focuses attention on a number of interesting 
problems awaiting further investigation. According to 
Sissons’, major periglacial features in Scotland seem to be 
restricted to the area outside the limit of the Loch Lomond 
Readvance, and such features are indicative of extremely 
severe climatic conditions that persisted down to sea level". 
Published evidence of periglacial action in Scotland during 
the Loch Lomond Readvance consists mainly of soliffuc- 
tion and associated phenomena in the Highland region 
together with’ the record of fossil frost wedges in the Mid- 
land Valley and, to a lesser extent, in the Southern Uplands. 
The evidence from Robroyston and Springburn strongly 
suggests that large scale solifluction on the flanks of drum- 
lns with a major feature of periglacial activity in west- 
central Scotland in the cold period. that commenced ~ 
11,000 b.p. and culminated in the Loch Lomond Readvance. 
Previously, minor solifluction on the slopes of drumlins has 
been considered probable, but the sites at Robroyston and 
Springburn provide the first evidence in west-central Scot- 
land of mass movement of till several metres thick Clearly, 
because these examples of such movement exist, many 
more may be discovered in the future The presence of a 
datable peat layer below the soliflucted till at Robroyston 
and Springburn allowed the movement of the till to be 
deduced There may be many situations on the flanks of 
drumlins where adjacent peat layers did not accumulate 
before the Loch Lomond Readvance, but solifluction of 
large till masses occurred nevertheless. Such cases will be 
very difficult to detect. Till-fabric and till-fissure analyses” 
may prove effective in some situations At Robroyston and 
Springburn preliminary studies of these properties of the 
till proved inconclusive. 

Future research arising from the preliminary study of 
the three sites may be directed to.establishing the vegeta- 
tional evidence for late-Devensian climatic conditions in 
west-central Scotland, to assessing the effectiveness of till- 
fabric and till-fissure analyses in determining mass move- 
ment of till on the sides of drumlins, and to considering the 
modifications of drumlin shapes that occur as the result of 
till solifluction. 

The authors thank W. Bradford and E. McKinnon (Pre- 
construction Services), for providing borehole logs and 
peat samples from Springburn and Robroyston. The plant 
sample from North Kerse was collected by R Ward. Five 
radiocarbon dates were provided by the Scottish Universities 
Research and Reactor Centre and paid for by the University 
of Glasgow. One date was provided by Birmingham Univer- 
sity Mrs C. A. Dickson and Mr D. A. Stewart assisted 
with the botanical analyses. 
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Changes in net surface 
charge of hydrous 
alumina with phosphate adsorption 


ADSORPTION of phosphate on hydrous metal oxides is of con- 
siderable importance in soul fertility and eutrophication studies. 
Phosphate is known to be adsorbed on the hydrous oxides 
displacing aquo (M-OH,) and hydroxo (M-—OH) ligands; its 
adsorption makes the oxide surface less positive!—®. I report 
here on a quantitative study in which phosphate was adsorbed 
on to hydrous oxides, displacing the ligands, and the sımul- 
taneous change in the net surface charge was measured. 

The hydrous alumina used has been described elsewhere? and 
the pH value at the point of zero charge (PZC) was 9.3. The 
phosphate adsorbed and the hydroxyl ions released at different 
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Fig. 1 Phosphate adsorption on hydrous alumina. Net surface 
charge (O) and OH- released (A) plotted against P adsorbed. 


phosphate concentrations were measured at a constant pH (see 
ref. 3). The experimental conditions were: pH 5.0; 0.01 mol 
dm~? NaCl medium; 3 h reaction time; 30°C; nitrogen 
atmosphere. The pH was chosen so that phosphate existed in 
solution as the monovalent ion. The net surface charge (o) was 
calculated from the counter ions retained by the oxide in the 
diffuse double layer (details will be published elsewhere). 

The hydroxyl ions released, and the o values, are plotted 
against phosphate adsorbed in Fig. 1. Mathematical analysis of 
the hydroxyl ion curve shows that the differential (dOH ~/dP) 
increases with increasing phosphate adsorption from 0.11 to a 
maximum of 1.0 at about 900 pmol g~ of phosphate adsorbed. 
At more than about 900 umol g~}, however, it abruptly 
decreases to 0.5 and remains constant. 

The o of the sample in the absence of phosphate (S) was 507 
Eq g™ of positive charge. With increasing phosphate adsorp- 


Fig. 2 Net charge acquired by the surfate per unit pmol of 
phosphate adsorbed (&’) as a function of phosphate adsorbed. 
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tion, o decreased to zero, and with further adsorption it became 
negative. 

At pH values more acid than the PZC pH, phosphate is 
probably adsorbed at the positive sites displacing OH,, and at 
the neutral sites, effectively displacing OH- (refs 1-3). 


AI-OH,]'+ + H,PO,~ == AI-H,PO,} + OH, (1) 
Al-OH)? + H,PO,~ = AI-H,PO,]° + OH- (2) 


Reaction (1) neutralises the positive charge, whereas reaction 
(2) leaves the surface charge unaltered. 

Because of the greater lability of aquo groups, at low surface 
saturation more of these are displaced by phosphate, whereas with 
the increasing saturation the proportion of hydroxo groups re- 
leased increases*. Therefore, the neutralisation of the positive 
charge would be initially rapid; this is seen from Fig. 1. There is 
little change ın the o within the phosphate adsorption range 800- 
900 umol g~, and phosphate is adsorbed mostly by displacing 
hydroxyl ions, as is evidenced by the d(OH/dP value of close to 1. 

The net charge acquired by the surface per pmol of phosphate 
adsorbed (&’) at different adsorption values (Fig. 2) was calcu- 
lated: the total net charge acquired by the surface, & (& = 
Oy — Op; Op = net charge on P added sample) was plotted as a 
function of phosphate adsorbed, and the equation that gave the 
best fit was differentiated. The differential curve (Fig. 2) shows. 
that €’ varies with the type of ligand, OH, or OHZ, displaced by 
phosphate, which in turn varies with the surface saturation. 
These results suggest that earlier conclusions‘-* that &’ is 
independent of surface saturation were based on obser- 
vations of an experimental artefact. Other researchers 
have used either a titration method or have relied on 
separations of the phosphated sample from the matrix, followed. 
by re-equilibration with another indifferent salt solution and 
extraction of the counter ions using yet another salt solution. 
It is likely that these methods would result in desorption and/or 
rearrangement of adserbed phosphate. 

The abrupt change in the slope of Fig. 1 at about 900 pmol 
g ' phosphate adsorbed could signify®? the disruption of 
hydrous alumina polymers. The fresh surface thus exposed 
would adsorb phosphate: 


_--H,PO,- 


Ale- AI-H,PO, |" 
N 0 
OH | = 
7 g— tHE b+ 
Al ALOH | 2x AI-H,0 | 
7 : 
Al-H,0 | + H,PO,-==AI-H,PO, |’ + H,O (3) 


According to reaction (3) a net negative charge of 1 Eq is 
added for every 2 umol of phosphate adsorbed. Thus, in the 
region of high phosphate adsorption (> 900 umol g~) the 
expected &’ is 0.5, and the experimental value of 0.41 (Fig. 2) is 
in reasonable agreement. 

Reactions (1) and (2) predict a 1:1 ratio between released 
OH, and € values. To test this, — values have been plotted 
against the number of umol of OH, displaced (Fig. 3). The 
latter values were calculated from the difference between the 
amount of phosphate adsorbed and hydroxy] ions released. The 
four observations at > 900 umol g~ of phosphate adsorbed 
were not used because adsorption was on the new surface in 
that region, and different reaction paths are involved (3). The 
observed slope of 1.03+-0.05 (r? = 0.989) agrees with the 
predicted value of 1.0. 

The results presented add further evidence in support of the 
theory? on-the nature of phosphate adsorption at different 
surface saturation values. 
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Fig. 3 Relationship between the net charge acquired (&) and 
aquo groups (OH,) displaced by phosphate. § = 40.46 + 
1.030H,; r? = 0.989. ' 
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Conformational effects 
in drag reduction by polymers 


AN earlier study of drag reduction by polyelectrolyte solutions! 
revealed that the gross flow behaviour varied between ex- 
tremes, termed types A and B, respectively characteristic of the 
collapsed and extended macromolecular conformations Here 
I show, from examination of all available experiments}, 
that the crossover from type A to type B behaviour occurs 
at a characteristic conformation, which possibly reflects the 
role of macromolecular elasticity in the mechanism of drag 
reduction. 

It should be recalled® that drag reduction by dilute polymer 
solutions in turbulent pipe flow is bounded between two 
universal asymptotes, that is, the Prandtl-Karman law and the 
maximum drag reduction aysmptote, that envelop a ‘polymeric’ 
regime in which the observed friction factor relations are 
approximately linear on coordinates of f-? against log Ref }/2, 
where f is the friction factor and Re the Reynolds number. 
The behaviour exhibited by a family of polymer solutions is 
termed type A when the polymeric regime segments fan 
outwards from a common onset point on the Prandtl-Karman 
(Newtonian) line with slopes exceeding the Newtonian value 
and increasing with increasing polymer concentration, and type 
B when the polymeric regime segments lie roughly parallel to 
the Prandtl-Karman line but displaced upward from it, the 
more so with increasing additive concentration. 

The dependence of a drag reduction modulus, k,.on a macro- 
molecular excluded-volume parameter, E, is now sought from 
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experimental data, these quantities being defined 


K = (8/c/?)M N (1) 


E = o (in]/inb)"* (2) 


K is derived from friction factor measurements; 5 is the 
observed Prandtl-Karman slope increment relative to solvent 
in the polymeric regime of drag reduction while c, M, and N, 
are respectively the macromolecular concentration, molecular 
weight, and skeletal links. E is formed from the polymer 
species chain conformation factor o and the ratio of actual 
to theta point intrinsic viscosities, at zero shear, of the macro- 
molecule; as long as the macromolecule remains random-coiling, 
E is evidently the ratio of actual to unhindered r.m.s. radii of 
gyration (Ro/Re,or). The results are shown ın Fig. 1, which 
shows « against E on doubly logarithmic coordinates. An 
abrupt change in xK is observed at E, = 6+1, defining a charac- 
teristic ‘crossover’ conformation. For E< Ex, in the region of 
type A gross flow behaviour, the drag reduction modulus is 
essentially independent of macromolecular conformation, and 
the examples in Fig. | all display magnitudes of ka = 107, 
typical of random-coiling polymers with polymethylene types of 
skeleta®. For E> E,, in the region of type B gross flow behaviour, 
the variation of k with E cannot be ascertained for lack of data, 
but values of Kg = 107° are clearly an order of magnitude 
lower than ka. The behaviour described 1s well illustrated by 
results for two PAMH polymers in Fig. 1, one of which! yields 
Kx 10° = (61, 60, 61, 5, 5) for E = (3.6, 3.7, 4.9, 6.8, 10.0) 
respectively while the other? (hollow squares) shows a very 
similar trend. The data’ for random-coiling PEO and PIB 
polymers in good as well as in theta solvents both yield x 
essentially independent of E over small ranges of E< Ex. 

A possible physical interpretation of these results involves 
macromolecular rubber elasticity. E refers to the static (zero 
shear) conformation of a macromolecule in dilute solution. In 
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Fig. 1 The dependence of drag reduction slope modulus on 
macromolecular excluded volume 





Molecular weight Pipe internal 
symbol Polymer o (10-9 Solvents diameter (mm) Reference 
e PAMH 23 132 Aq NaCl, 0-1 M 945 l 
a PAMH 230 92 Aq NaCl, 0-1 M 102 2 
PAMH 230 78 Aq NaCI, 02-10M 102 2 
° EO 160 076 Aq K,SO,, 0-0 457 3 
a PIB 182 089 Benzene, Cyclohexane 129 4 


PAMH, Polyacrylamrde, partrally hydrolysed, PEO, polycihylencoxrde, PIB, polyrsobutylene 
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turbulent flow, a macromolecule suffers deformations about 
its mean conformation and the drag reduction modulus, «K, 
seems related to rubber elasticity through a macromolecular 
chain deformation factor J, defined by 


J = [(Re'/Re)— 1B? (3) 


where R,’ and Rg respectively refer to deformed and mean 
conformations, whereas B is a non-dimensional strain rate. 
This suggests that the data of Fig. 1 arise because the elasticity 
of a macromolecular random coil is essentially independent of 
its excluded volume up to a certain conformation, Ex, and then 
decreases significantly for E> E,. In this context, recent direct 
measurements of macromolecular extension in a Borda flow® are 
noteworthy. For two samples of PIB in decalin (E~3), it was 
found that at low strain rates the observed principal axis 
extension ratio (Ro'/Re) yielded values of J~10~-1, of the 
order of magnitude theoretically predicted’. With increasing 
strain rate, however, the principle extension ratio tended to an 
asymptote with a maximum value (Rg’/Rc)~3.5, with corres- 
ponding lowe: values of J/~ 107%. These experiments indepen- 
dently suggest that there is a characteristic macromolecular 
extension beyond which elastic deformation of the random-coil 
becomes difficult. Interestingly, the value of Ro,max’/Rc.or(~ 10) 
for PIB in a Borda flow is of the order of magnitude of our 
E,(~6) obtained with PAMH during drag reduction, both of 
the polymers used possessing similar (but not identical) 
polymethylene skeleta. 
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Effect of drag-reducing polymers 
on pulsation noise of small air bubbles 


PREVIOUSLY we have reported! that polyethyleneoxide (Polyox) 
in solution reduced the damping of free oscillations in a semi- 
circular manometer, whereas polyacrylamide (Separan: also an 
effective drag-reducer in turbulent flow) did not. Here we report 
the effect of these additives (Polyox grades WSR 301 and 
N3000; Separan grades AP 30, AP 273 and MG 200) on the 
pulsation noise radiated by small air bubbles in water. 

The bubbles were produced by passing air through a sub- 
merged nozzle in a steel water-tank, 75 x 60 x 70 cm, which 
was mounted on an expanded polystyrene sheet (5 cm thick), 
on a concrete base. The compressed air supply consisted of a 
piston sliding in a cylinder. This was driven by an electric 
motor through a reduction gear which turned a threaded rod. 
The air outlet from the cylinder was connected by a flexible PVC 
tube to a brass nozzle, situated 23 cm below the water level, and 
mounted in a rubber bush to prevent resonance with the 
supporting rod. All the nozzles used were 7.5 cm long by 
6.4-mm outside diameter, but the inside diameter varied between 
2 and 5 mm to give a range of bubble sizes. This arrangement 
produced bubbles of uniform size at regular intervals. The 
average bubble size was determined from the volumetric 
displacement of the piston in the cylinder and the number of 
bubbles produced in a given time. 

The bubble pulsation noise was detected by a hydrophone 
(Bruel and Kjaer type 8101: uniform frequency range up to 
60 kHz), which was fixed at the same depth as the nozzle, but 


100(ò, -òp )/ð, 


47 











Dimensionless amplitude 





02 | fi l ft 
8 16 24 32 


No of cycles 





Fig. 1 Time decay of bubble pulsation noise. (Nozzle internal 

diameter 5 mm; bubble diameter 5.8 mm; fp (theoretical) 1,115 

Hz; fə (experimental) 1,105 Hz). x, water; O, 20 p.p.m. 
Separan AP 273; O, 100 p.p.m. Separan AP 273. 


could be moved horizontally. The hydrophone was connected 
to a spectrum analyser (B and K model 2107). The output of the 
spectrum analyser was connected to a counter—timer (Bradley 
Electronics 234) used to determine bubble size and frequency of 
production, a storage oscilloscope (Tektronix 434) used for 
frequency spectrum and spatial attenuation measurements and 
an oscillograph (Bell and Howell model 5-137) used for measur- 
ing time-decay curves. 

Experiments were performed using nozzle diameters of 2, 3, 
4 and 5 mm. In each case the additives affected bubble produc- 
tion. We found that at low concentrations, Polyox reduced 
bubble size (in agreement with previous results? on bubble 
growth in solutions of WSR 301) whereas Separan tended to 
increase the size of the bubbles. In both cases the effect was 
quite small, and the bubble radius quickly became independent 
of increasing additive concentration. Correspondingly the 
additives had only a small effect on the natural frequency of the 
bubble noise. 

It was also noticed that all additives reduced the radiated 
sound intensity. This effect has previously been found with noise 
from turbulent boundzry layers? and from the impact of small 
spheres‘ in polyox solutions. 

The particular results we report here are concerned with the 
damping of the bubble noise. When a bubble leaves the nozzle, 
the emitted sound pulse takes the form® 


P, = Py exp(—nBfat) cos(2n fet) 


where P, is the instantaneous radiated sound pressure, Pp is 
the sound pressure amplitude and f 1s the natural frequency. 
The damping constant 6 has been predicted theoretically®, and 


Fig. 2 Variation of reduction in damping with additive concentra- 
tion. X, Polyox WSR 301, D, Separan AP 273. 
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the predicted values confirmed experimentally for nitrogen 
bubbles in water’. 

To check our system, we first made a comparison with 
previous work on gas bubbles in water®?. We found that our 
values for damping constant and natural frequency were as 
expected (within +19). Results for the 5-mm diameter nozzle 
are shown in Fig. 1. This nozzle size was found to be the most 
satisfactory in terms of producing a good quality signal with 
minimum nonlinear distortion and maximum reproducibility. 
Thus all results presented here were taken with the 5-mm nozzle. 

We obtained the time-decay curve by running the oscillo- 
graph at a chart speed of 200 cm s~. The results were analysed 
by dividing the amplitude at any point by the peak amplitude, 
and plotting on semi-logarithmic graph paper against time 
(measured in number of cycles) It was found that all the 
polymer additives reduced the damping of the emitted sound 
pulse to some extent, but Separan AP 30 and AP 273 increased 
the damping at certain concentrations. Representative results 
for Separan AP 273 at concentrations of 20 and 100 p.p.m. (by 
weight) are presented in Fig. 1, where they may be compared 
with the decay curve for water. 

These results may be put in a more quantitative form by 
defining the percentage change in damping constant 
100(8 , —8,)/5,where 6,, is the damping constant in water and 
dp the damping constant with polymer additive. This is plotted 
against concentration for Polyox WSR 301 and Separan AP 273 
in Fig. 2. At low concentrations WSR 301 had little effect. It 
was only at concentrations measured in hundreds of p.p.m. 
(which are large compared with amounts needed for turbulent 
drag reduction) that one noticed appreciable reductions, ~ 
10%-40 %. On the other hand, Separan AP 273 did reduce the 
damping of the bubble noise at low additive concentrations, but 
the subsequent dependence of the effect on increasing concen- 
tration was rather unusual (see Fig. 2). This oscillatory form of 
concentration dependence was also observed in the case of 
Separan AP 30. Possibly this may just reflect the complexity of 
the bubble noise decay, involving, as it does, energy losses by 
acoustic radiation, thermal conduction and viscous liquid 
friction. 
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Plasma treatment of coal 


Coals of various ranks have been treated in electrical arcs 
or plasma jets generated from argon; hydrogen, and their 
mixtures. In most cases the plasmas contained enough 
energy to heat the coal to temperatures 21,000 °C. In this 
range of temperatures, acetylene formation is thermodyna- 
mically favoured, and an argon—hydrogen plasma has been 
reported to yield a maximum acetylene yield of 74% by 
weight of coal'™. Problems are encountered with the elec- 
trical arcs because of the instability induced in the arc 
column by appreciable forced convection’. From a practical 
point of view methane would be the preferred product from 
coal gasification, and we here report on efforts to find 
whether a low temperature plasma favoured methane for- 
mation 

We applied 50-Hz electrical discharges through 15-cm 
long coaxial Pyrex tubes, the annular space (1 cm wide) of 
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Fig 1 Hydrogen (x) and carbon monoxide (O) yields from a 

Siemens tube packed with bituminous coal and excited at 

68 W. Solid symbols and dotted lines represent the yields from 
coal -+ 26 mmHg He. 


which was packed with a sample of bituminous coal 
(76 06% C, 5.48% H, 15.33% O, 1.05% N, and 2.09% S) 
and degassed at room temperature. The applied voltage was 
26kV and the current through the plasma was measured 
to be 26mA, which means the power input was ~68 W. 
Gas chromatographic analysis using a 1.2-m long silica gel 
column at 0 °C revealed that the gaseous products pumping 
out of the plasma zone consisted mainly of hydrogen and 
carbon monoxide, with small amounts of methane. A 1 2-m 
long alumina column at 0 °C confirmed that acetylene was 
not present in the products. 

Figure 1 shows the yields of hydrogen and carbon 
monoxide obtained at various time intervals from a sequen- 
tial operation in which coal was excited, at first alone and 
then in the presence of 26 mmHg of helium. The influence 
of the added gas was to decrease the Hz and CO production 
considerably. The relatively large amounts of H: obtained 
at the short time intervals appeared to arise from an initial 
desorption of gases from the coal as a result of the appli- 
cation of the high voltage. 

Figure 2 shows the methane formation as a function of 
the discharge period. Here again the influence of the added 
helium was to decrease the methane production, except in 
the long runs (¢*>1h) in which the addition of helium 
increased the conversion of coal into methane. On the other 
hand, in the short runs (t<0.5h) more methane was pro- 
duced in experiments in which hydrogen was added to coal 
which had not been previously treated in a plasma. Table 
1 summarises data on the conversion of the carbon in coal 


Fig 2 Methane production in a Siemens tube packed with 
bituminous coal and excited at 68 W. x, O, and © for yields 
from coal, coal + 26 mmHg He, and coal + 26 mmHg H,, 
respectively. Dotted line and solid symbols represent the yields 
when coal was excited at first in the presence of H, and then in He. 
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into methane The observed conversions are low for tech- 
nical purposes, but this is to be expected because of the 
use of low frequency, low power discharges at low pressures 
and ordinary temperatures which allowed essentially non- 
pyrolytic reactions. 





Table 1 Conversion of the carbon ın bituminous coal into methane 





Conversion into methane (mol per cent) 


Time 
(min) Coal Coal ++ He Coal + H, 
10 12.2 — 1176 
20 12.2 5.2 21.5 
40 13.9 8.0 162 
60 9.1 11.1 11.7 
80 120 14.8 123 
100 11.8 14.7 10.8 





The electron spin resonance spectrum of the coal sub- 
jected to plasma showed a 2.5-fold increase (~10" spins 
per g) in the spin concentration over an untreated sample 
suggesting that a free radical mechanism may be involved 
in. the gasification process 

Further work using a flow-system with an argon—-hydrogen 
mixture at atmospheric pressure is in progress. 
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| pH-dependent heterosis of heavy 
metal-tolerant and non-tolerant hybrid, 
of the monkey flower Mimulus guttatus 


ALTHOUGH the toxicity of heavy metals is known to be de- 
pendent on pH, no studies of heavy metal tolerance in plants? 
have included it as a variable. We have therefore investigated 
the direct effect of pH on root growth and root number of 
two strains of Mimulus guttatus, one tolerant and the other not 
tolerant to heavy metals®, We found that the tolerant strain 1s 
also tolerant to acidic pH, whereas the non-tolerant operates 
better in more neutral pH. The hybrid between the two strains 
showed pH-dependent heterosis. 

The strains used were Napoleon (N) and Cerrig-y-drudion (C). 
N is tolerant to copper? and is an annual population collected 
from a copper mine tailing at a stream edge in the Napoleon 
locality, Calavaras country in central. California. C is sensitive 
to copper’, and was originally found at the edge of a stream, 
2 miles south of the village of Cerrig-y-drudion in North Wales. 
Seeds were germinated in soil, and clones were established 
from a single seed and propagated by cuttings. In the following 
experiment N15 and C16 were used. Although there was much 
variation between clones (within each population) the range 
of metal tolerance for N did not overlap with that of C. The 
F, was obtained by crossing 99N with $C. Only one plant 
was crossed and different plants were obtained from its seeds. 

Cuttings (one node per cutting) of uniform size were obtained 
from different plants about 0.5 cm below the node. Each 
cutting was placed in an I1-ml plastic vial filled with a solution 
of calcium nitrate (0.5 g 1-7) with varied pH between 2 and 9. 
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Fig. 1 Relationship between pH and mean root length 
(+ coefficient of variatilon)-~-,N;.. , C; —, F. 


Acid pH was obtained with concentrated sulphuric acid, basic 
PH with sodium hydroxide. Normal calcium nitrate solution 
gave pH 5. Ten cuttings (replicates) from different plants were 
used at each pH. 

Plastic vials were housed in wooden blocks so that light 
had no influence on root initiation. Each block was covered 
with a plastic bag to maintain humidity and placed in a growth 
chamber operating at a short light cycle (9 h with 25,833.6 Ix), 
with a constant temperature of 20 °C and 55 % relative humidity. 
The number and length of all roots from a given plant were 
measured. The mean of the 10 plants and coefficient of variation 
were calculated for each pH and genotype. The coefficient of 
variation was used to avoid any possible dependence of the 
variance on the mean. 

The effects of different pH on root length are presented in 
Fig. 1 and Table 1. No cuttings developed any roots at pH 2, 
8 and 9. The distribution of root growth between these levels 
was highly variable (Table 2). Analysis of variance using the 
actual data or their logarithms gave the same significant 
results. Using Duncan’s multiple range test, it is possible to 
rank the effect of pH on root length as follows: 


pH 3 4 7 5 6 
Mean root length 0.60 10.18 12.05 13.05 19.47 


where the means at pH 4, 7 and 5 are not significant from each 
other at P = 0.05. 

The three genotypes were significantly different from each 
other in order C (7.52)>N (10 39)>F, (15.30). Analysis of 
variance (Table 2) and Fig. | indicate a significant effect of 
genotype on pH interaction. Strain N preferred the acidic 
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Table 1 Mean root length for each genotype at five levels of pH 
Genotype pH 
4 5 i 6 7 
N 1.33de (144) 18 lla (37) 18.82a (51) 9 74abcde (136) 3.94bcede (69) 
C 0 00e — 2.10cde (98) 8.39abcde (52) 13 67ab (75) 13 43abe (87) 
F, 0 46e (172) 10 34abcde (131) 11.94abed (86) 35.00 (74) 18 77a (81) 


Any two means with the same letter are not significantly different from each other at P = 0 05 by Duncan’s Multiple Range test 


Values in parentheses are percentage of coefficients of variation. 
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Mean number of roots + CV 





Fig. 2 Relationship between pH and mean number of roots 
per plant (+coefficient of variation) Symbols as in Fig 1. 


solutions with a maximum peak between pH 4 and 5. Maximum 
root growth for strain C was in the more neutral solutions, 
between pH 6 and 7. 

The F, grew better than either parent, with maximum 
growth at pH 6. Its performance at pH 6 and 7 indicated an 
overdominance in relation to its parents, whereas between 
pH 3 and 5 it was intermediate. This suggests two genes 
operating at different pH levels with different degrees of gene 





action. The presence of the shoulder at pH 4 substantiates this 
hypothesis. ý 

Variation in pH was also found to affect number of roots per 
plant (Table 2). The average number of roots for the three 
genotypes could be ranked as follows: 


pH 3 4 7 5 6 
Mean number of roots 10 69 75 95 10.2 


where any two adjacent numbers, excluding 1.0, are not 
significantly different from each other at P = 0.05 by Duncan’s 
multiple range test- ` 

These results indicate a gradual significant increase in number 
of roots from pH 3 to 5. The number of roots at pH 5 was not 
significantly different from those at pH 6, after which there 
was a significant decrease at pH 7. Although an analysis of 
variance did not reveal any effect of the genotype on the number 
of roots, ¢ values for the difference between N and C at pH 4 
P = 0.01) and N and F, at pH 6 (P = 0.05) were significant. 

Phenotypic variation in length and number of roots were 
calculated within each genotype at each pH. These were 
expressed as the percentage of the coefficient of variation 
(Table 1). Analysis of variance on the square of such values 
indicated no statistical differences between genotypes or pH 
levels. When the genotypes were compared at each pH, however, 
the variability for total root growth of both F, and C was 
found to be larger than that of N at pH 4 (F = 12.15, P<0.01 
and 6 87, P<0.01, respectively). Whereas at pH 6 the N strain 
had higher variability than both F, and C (F = 3.43, P<0.05 
and 3.28, P<0.05, respectively). 

The number of roots was less variable. The only significant 
differences for this trait are between F, or C and N at pH 4. - 
F, and C variabilities are higher than that of N (F = 23.97, 
P<0.01 and 11.74, P<0.01 respectively) These results are 
similar to those obtained for root length at this pH. 

It is obvious that N plants are more adapted to growing in 
lower pH soils than C plants. Whether this 1s due to direct 
effect of pH or due to adaptation to heavy metal ions is not 
known yet and needs to be investigated. (Dr Sheppard informed 
me that the Californian mines from which the material came 
are extremely acid compared with North Wales, and he has 
non-tolerant seeds from a very acid locality.) Undoubtedly, a 
study of the interaction between pH and heavy metal toxicity is 
of interest as indicated in Fig. 1, where for example, at pH 5 
the N strain has better root growth than the C strain. This 
performance is reversed at pH 6 and 7 indicating pH-dependent 
(or conditional) toxicity for heavy metais. 

Table 1 shows that pH tolerance of the F, is intermediate 
between that of its parents at pH 3-5 and ıs overdominant at 
pH 6-7. Changes in the degree of dominance due to changes in 





Table 2 Analysis of variance for length of roots, number of roots, and the 1atio between total growth and number of roots at different pH levels 





Sources of variation d.f. Length of roots 
Replicate(R) 9 101.14 

PH level(L) 4 1,394.33¢ 
Genotype(G) 2 774 79F . 
RL 36 116.56 

RG 18 135 51 

LG 8 640.90} 
RLG 72 11740 . 








Mean squares 
Number of roots Length of roots/number of roots 


34.73" 0.62 
395.86f 9.354 
31 25 l 2 74* 
12 96 0.57 
20.76 043 
35.42 4.65+ 
18.94 0.64 





*P<0.02; {P<0.01 
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the concentrations of heavy metals were also observed’. 
Parsons* argued that the hybrid advantage is maximum in 
extreme environments; this is substantiated by the present results 
at the higher pH levels only. These results also support the 
theoretical study of environment—dependent heterosis®. 

I thank P. M. Sheppard for providing the seeds and both 
him and R. Knight for comments on the manuscript. 
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Increased lead ingestion in 


calcium-deficient monkeys 

VOLUNTARY ingestion of lead (lead pica) by children is a 
puzzling phenomenon The resulting lead poisoning can 
lead to painful physical symptoms, mental retardation and 
brain damage’. Yet ingestion often persists after toxic 
symptoms appear if the child has access to lead®. We have 
shown that weanling rats made calcium deficient increased 
their voluntary ingestion of lead to levels much greater 
than those of contro] rats’. It was suggested that, because 
of the metabolic similarity of lead to calcium, ingestion of 
lead might relieve symptoms of calcium deficiency, attenuate 
the normal aversive effects of lead ingestion, and thus 
maintain continued ingestion. Rats, however, are not 
completely appropriate for an analogy to human lead 
ingestion because calcium metabolism differs considerably 
in the two organisms**. Rats seem to find lead acetate an 
aversive taste’’®, whereas humans refer to it as “lead 
sugar” and report a sweet taste (paper presented at meeting 
of Midwestern Psychological Association, 1975 by R. W. 
Henderson and J. Dawley). Furthermore, the diet used with 
rats has been almost completely deficient in calcium (2 mg 


Fig. 1 Lead ingestion presented as 
percentage of total fluid intake 
(top) and mg of lead ingested 
per kg per day (bottom) during 
both calcium deficiency (left) and 
calcium restoration (right). 
Numbers at the side of each 
curve indicate the drinking test. 
Test | began 3 weeks after the 
deficient animals were weaned to 
calcium-deficient diet Tests 2 
and 3 began 8 weeks and 10 
weeks respectively after the onset 
of deficiency. Tests 4 and 5 began 
5 weeks and 7 weeks respectively 
after restoration of normal 
calcium, and test 6 began 24 
weeks after calcium restoration 
Results of tests 2 and 3 and, 
subsequently, tests 4 and 5 for 
the calcium-deficient animals did 
not differ so each of these pairs 
of tests is represented by a single 
mean curve. ©, Calcium deficient; 
@, control. 
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Ca per 100g) producing severe symptoms of calcium 
deficiency, which have not been reported in humans with 
lead pica. If calcium deficiency leads to lead pica in humans, 
it must be a moderate or subclinical deficiency. We have 
therefore experimented with rhesus monkeys which were 
subjected to a moderately deficient diet providing 64% 
(108 mg Ca per 100 g) of their recommended daily calcium 
levels". i 

Four rhesus monkeys were separated from their mothers 
shortly after birth and maintained at the University of 
Wisconsin Primate Laboratory nursery. They were weaned 
from Similac formula to a Purina monkey chow from which 
the normally supplemented calcium carbonate and dicalcium 
phosphate had been removed, leaving 108 mg Ca per 100 g. 
The monkeys ingested approximately 100g per day. Six 
lead ingestion tests were administered—three during 
deficiency and three during recovery from deficiency when 
the animals were feeding on normal monkey chow. Two 
control monkeys that had been weaned to normal chow 
were available for lead testing only during periods 
corresponding to the first two drinking tests of the deficient 
animals and the last drinking test during recovery. Each 
week the animals were weighed and blood samples were 
drawn to be analysed by atomic absorption spectro- 
photometry. Two months after calcium restoration to the 
deficient animals all animals were given whole body X rays. 

Four concentrations of lead acetate (0.08, 0.16, 0.32, and 
0.48% weight/volume) were paired with distilled water, and 
a pair of bottles each containing distilled water was also 
used. One pair of solutions was presented to an animal each 
day in a counterbalanced order. The relative positions of 
lead and distilled water bottles were alternated to control 
for side preferences, and each of the five pairs of solutions 
was presented twice. Solutions were presented at 1000 when 
the animals were being fed and removed at 1800. Distilled 
water was available overnight, but almost all fluid intake 
occurred during the hours of the test. For analyses the data 
were converted to lead acetate intake as a percentage of 
total intake and to the mg of lead ingested per kg of body 
weight. 

A moderate level of calcium deficiency was produced. 
With calcium deficiency the body weights of the deficient 
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animals decreased below those of the controls, but never 
went below 2 standard deviations of the mean body weights 
of normal monkeys at the same age at the Wisconsin 
Regional Primate Research Center The X rays revealed 
growth arrest lines in the long bones of the calc1um-deficient 
animals presumably as a function of calcium deficiency. 
Because these lines were located 1.5-2.0cm from the 
epiphyses, bone growth had resumed after restoration of 
full calcium levels and, thus, indicated that calcium 
deficiency had been reversed. 

In the first lead drinking test both deficient and control 
animals ingested large amounts of lead solution at all 
concentrations, both in terms of percentage. intake and in 
mg per kg of lead ingested Thus lead acetate seemed to be 
an initially ‘“good-tasting” substance, in contrast to results 
from rats™. But after the seventh or eighth day of the first 
drinking test each of the control animals reduced their 
intake of lead solution from a mean of 273.3 mld™ to a 
mean of 1.4 mld’. This low level of intake was maintained 
by contro] monkeys throughout the second lead ingestion 
test. Calcium-deficient animals showed some reduction in 
lead solution intake from the first to the second drinking 
test periods (mean 175.7 mld™ to 61 0mld™, but they 
maintained much higher intakes than did controls Even in 
a third drinking test the deficient animals maintained higher 
intake levels (mean 51.0 ml d™'). These data are shown in 
the left-hand panel of Fig. 1. None of the intake measures 
on any of the calcium-deficient animals during either drink- 
ing tests 2 or 3 overlapped with the data of any control 
animal from drinking test 2 (Mann-Whitney U tests=0). 

Blood lead levels were increased in both groups during 
lead ingestion tests (calcium-deficient meants.e.m.. base- 
line, 16.341.9 ug%; test 1, 228.4+25.2 ug%, test 2, 1123+ 
57.0 #g%; control: baseline, 20.5+1.5ug%; test 1, 
180 3+15.7 ug%; test 2, 96.2+6.2 ug%). Evaluation of the 
X rays of the calcium-deficient monkeys revealed radio- 
opaque lead deposits at the epiphyses of long bones. The 
animal evaluated as having the densest lead deposition was 
the one which had ingested the most lead; the one with the 
least lead deposition was the one ingesting the least lead. 
We did not, however, observe any overt symptoms of lead 
poisoning, possibly because of the temporal spacing of the 
lead drinking tests. 

When normal monkey chow, containing five times the 
daily minimum recommended calcium levels for young 
rhesus monkeys, was given to the deficient monkeys, there 
was a slow, steady increase in body weight and X-ray 
evidence of renewed growth in long bones. But, the level 
of ingestion of lead acetate by the previously deficient 
monkeys remained high, as shown in the right hand panel 
of Fig. 1. Mean intakes of lead acetate were well above the 
intakes by control animals in both tests 2 and 6. Even 7 
weeks of calcium restoration (test 5) did not eliminate these 
high levels of ingestion Six months after calcium restora- 
tion (test 6) the intakes of previously deficient and control 
animals did not differ. The increased lead ingestion, of 
control animals relative to their test 2 levels probably 
reflects the several months that had passed without exposure 
to lead, after which the lead solutions again were the novel, 
“good-tasting” substances they appeared to be in test 1. 

In spite of an initially positive taste valence, lead acetate 
was rejected quickly by normal monkeys. Calcium-deficient 
monkeys did not appear to recognise the presumed aversive 
effects of lead ingestion and continued to ingest lead at 
relatively high levels This increased ingestion continued 
until the restoration of normal calcium levels. It seems that 
the calcium-deficient animals were not sensitive to the 
negative aspects of lead ingestion, which caused complete 
cessation of lead ingestion in control animals This suggests 
that calcium-deficient animals would not be able to learn a 
taste aversion to a novel solution paired with the administra- 
tion of lead acetate. We have shown that control rats 
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reduced their ingestion of novel solutions paired with intra- 
gastric intubation of lead acetate, whereas calcium-deficient 
rats did not reduce lead-associated intake (C.T.S., unpub- 
lished) In pilot studies with rhesus monkeys we found 
reduced intake of lead-associated novel solution on 2 of 4 
test days in control monkeys, but no reduction in monkeys 
that had been previously calcium deficient. 

The reason why an organism should voluntarily ingest 
lead is partially explained. Primates seem to find lead 
initially ““good-tasting” and ingest it in large quantities But, 
some post-ingestional, and presumably aversive, aspects of 
this continued lead ingestion eliminate subsequent lead in- 
gestion in normal monkeys Calcium-deficient monkeys 
seem to be insensitive to the presumed aversive aspects of 
continued Jead ingestion and thus do not stop ingesting lead. 
Given such insensitivity to aversive post-ingestional aspects 
of lead ingestion, calcium-deficient monkeys, even though 
recovered from calcium deficiency, might continue to res- 
pond to the positive taste valence of lead acetate, by con- 
tinuing to ingest lead. 

Since the calcium-deficient monkeys here suffered only 
a subclinical calcium deficiency but still ingésted lead, 
children with lead pica may also experience only subclinical 
calcium deficiency. Almost all attention given to possible 
nutritional bases for lead pica has focused on iron defi- 
ciency, with repeated findings that iron supplementation 
does not reduce lead pica and that dietary iron seems to bè 
at adequate levels’. It would be important to examine 
children with lead pica for evidence of subclinical calcium 
deficiency. 

We thank Dr Mary Ann Peters for evaluating the X rays. 
This research was supported by grants from the USPHS 
and the University of Wisconsin Food Research Institute 
(C.T.S.). 
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Microvilli and cell swelling 


MICROVILLI have various functions connected with an 
increase in surface area In the form of brush border of 
intestinal and renal epithelium, microvilli increase the 
absorptive capacity of cells. On tumour cells? they may 
have a role ın invasiveness”. Their presence on cultured 
cells‘, which is apparently controlled by the intracellular 
concentration of cyclic AMP*, increases the surface area 
so as to facilitate ‘‘spreading’® and cytokinesis’* without 
concomitant membrane synthesis. In the latter two 
situations, cell volume remains constant, while the shape 
changes The most common situation in which the reverse 
occurs, that is an increase in surface area accompanying an 
increase in volume without a change in shape, is during cell 
swelling. Swelling due to entry of water is caused by (1) 
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lable 1 Binding of '“'l-con A by Lettree cells 





Swollen cells* 


Time of inc Additions Control cells 
(min) -bound (¢.p.m.)* 
0 15,000 10.000 
S 68,000 72,000 
10 107,000 105,000 
5 u-MM 8,000 9.500 
0 Cold con A 8.800 7,200 
5 Cold con A 54,000 67,000 
10 Cold con A 63,000 61,000 
5 Cold con A 5,100 6,400 
u-MM 





a-MM, a-methyl-p-mannoside (30 mM). Concentration of con A 
was 100 pg ml! 

* 1.2 M glycerol for 10 min at 4 C, followed by 0.34", saline for 
10 min at4 C 

t Cells at 4 C incubated with ''I-con A (375,000 c.p.m., 0.04 jig) 
in final volume of 0.1 ml; stopped by addition of 10 ml saline, spun 
and pellet assayed. Values are means of three experiments. 


exposure of cells to a medium hypotonic relative to that of 
the cell content or (2) an increase in passive diffusion of 
cations’, such that the Na/K pump cannot maintain an 
asymmetric intracellular/extracellular distribution. An 
example of (2) is afforded by the action of Sendai virus on 
cultured cells; passive permeability is increased'’”"* and cells 
swell (unpublished results of K.J.M. and C.A.P.). We show 
here that in both (1) and (2) the increase in surface area 
can be accounted for by an ‘unfolding’ of microvilli. 

(1) Lettree cells (grown intraperitoneally in mice) were 
swollen by exposure to either hypotonic buffer (0.01 M 
sucrose, | mM bicarbonate, 2 mM Mg’*, 2 mM Ca”) (Fig. 
1b) or through uptake of glycerol’ (1.2 M glycerol for 15 
min at room temperature) followed by swelling in the 
presence of 0.25 M sucrose (Fig. le). In each case the fully 
swollen cells were virtually devoid of microvilli in contrast 
to the highly villated control cells (Fig. la). The increase in 
volume was from approximately 180 um‘ to 420 um’ corre- 
sponding to an increase in surface area of approximately 
120 um°. The number of microvilli on a Lettree cell 
(approximately 10° per cell; mean length 0.46 um) increases 





Fig. 1 Scanning electron micrographs of control Lettree cells 

(a), cells swollen in 0.01 M sucrose (b), glycerol-loaded cells 

swollen in 0.25 M sucrose (c) and cells after exposure to Sendai 

virus (d). Cells were fixed with glutaraldehyde at the same 

osmolarity as the swelling media and processed for scanning 
electron miscoscopy as described before". 
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the surface area by an average of approximately 110 um’. 
Swollen cells without microvilli bind as much ‘'I-labelled 
concanavalin A (con A) as unswollen controls (Tables 1 
and 2) in contrast to the effect of microvilli on agglutination 
by con A (Tables 1 and 2 and ref. 5). Because trypsin treat- 
ment causes rounding up of cells and a consequential 
increase in the number of microvilli it is possible that 
increased agglutinability (and perhaps stimulation of growth 
also") of trypsin-treated cells’ is partly due to an increase 
in the number of microvilli. 

(2) Lettree cells (2.6 10° per ml) were exposed to Sendai 
virus (80 haemagglutinating units per ml) at room tempera- 
ture at a concentration insufficient to cause agglutination”. 
As cells increased in volume (from approximately 700 to 
1.200 am’; Coulter size distribution mode value) most of 
the microvilli were lost again (Fig. 1d), 

We conclude that the presence of microvilli enables cells 
rapidly to increase their volume, and hence to swell, without 
lysis. Mammalian erythrocytes, which are devoid of micro- 
villi, are capable of a limited amount of swelling because in 


Table 2 Agglutination of Lettree cells by con A 





Control cells Swollen cells* 
Agglutination index? 


Concentration of con A 
(ug ml +) 

500 
250 
150 
100 

50 

0 





* As in Table I| but at room temperature. 
+Cells at room temperature mixed with con A and agglutination 
assessed microscopically: + + , 10% free cells; E+ 
10-30 °% free cells; +, 30-50 °% free cells: , 50-70%, free cells; 
> 70%, free cells. 


their normal shape (biconcave disk) the volume is not 
maximal; once a spherical shape has been adopted, lysis 
follows. Thus the same concentration of Sendai virus causes 
lysis of red cells but only swelling of villated cells. During 
cytolysis of cultured cells in the presence of antibody and 
complement, an increased cation permeability and cell 
swelling’ also precedes lysis. This may explain why cells 
that are in the late S/G. phase of the cell cycle, and hence 
the most heavily villated’*, are the least sensitive to im- 
mune (or non-immune) cytolysis*’. 

Since swelling caused by treatment with hypotonic media 
or with Sendai virus is readily exploitable, the implication 
that the increase in volume results from an unfolding of 
microvilli should prove useful in elucidating the role of 
microvilli (and cyclic nucleotides) in more complex 
phenomena such as cytokinesis and other situations involv- 
ing the cell surface. 

We thank Sulochona Bose for assistance, Dr P. R. 
Robinson for ''Il-con A and the Cancer Research Campaign 
and the Wellcome Trust for financial support. 
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Ionic mechanism of the 
H* pump in a snail neurone 


THE observed values of pH inside nerve and muscle cells 
are too high to be explained by a passive distribution of H’ 
across the cell membrane’™*. Thus there is believed to be a 
system, provisionally named a H* or proton pump, which 
transports H* out of, or OH” or HCO; into the cell. In spite 
of its importance, little is known about this system, perhaps 
because it cannot easily be studied using radioisotopes, the 
use of which has yielded much information about the far 
better known Na pump. One way the H* pump can be 
investigated is by following intracellular pH (pH) with a 
pH-sensitive microelectrode: because a similar Na*-sensitive 
microelectrode can be used to study the Na pump, it is also 


In Out 
H~ a 
OH- b 
— š s 
Nat +H? 
CO, Ki d 
H’ e 
Cl 
H+ f 
Nat 
Cl 8g 
OH- 
Cl h 
OH- T HCO,- 
COs 


Fig. 1 Diagram showing possible mechanisms for the H* or 
proton pump in cell membranes, excluding any indication of the 
energy source. a, Simple uncoupled H* pump; b, hydroxyl ion 
pump; c, bicarbonate pump (inside the cell the bicarbonate 
would give rise to OH- and CO,, the latter being freely diffusible 
across the cell membrane); d, the Na or Na-K pump extruding 
H* as well as Na* ; e, a loosely coupled HCI pump; f, downhill 
Na* influx coupled to H* extrusion; g, chloride-hydroxyl ion 
exchange; +, chloride-bicarbonate ion exchange. 
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possible to compare the two pumps in the same preparation 
using essentially the same methods. Thus the recessed-tip 
type of pH-sensitive’ or Na*-sensitive’ microelectrode can 
be used to record pH, or intracellular Na* ({Na‘],) in cells, 
such as snail neurones, which are tough enough to permit 
intracellular iontophoretic injections of acid or Na salts. I 
report here experiments in which the mechanism of the 
H* pump has been investigated by comparing the response 
of pH, to HCI injection with the response of [Nat], to 
NaCl injection. 

Various mechanisms have been proposed’ to explain 
the mechanism of the H* pumps involved in both pH, 
control and acid secretion by the stomach. Some of these 
mechanisms are outlined in Fig. 1. Schemes a-d involve 
the net transfer of charge across the cell membrane, and 
would thus be electrogenic’, while f-h would be electrically 
neutral. The linked extrusion of H* and Cl” shown in e 
could be electrogenic or neutral. Scheme d represents the 
well known Na pump (or more accurately, the Na-K 
pump) which might extrude H* rather than Na* (ref. 9). 
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Fig. 2 Recordings showing the effects of HCI injection on Em 
and intracellular pH (pH,) of a snail neurone, and the response to 
external ouabain and DIDS. a, Potential between the Em 
microelectrode and a reference electrode in the bath; b, ionto- 
phoretic injection current; c, potential between the Em and pH 
microelectrodes. The voltage scale was the same for a and c. 
The pH microelectrode was inserted first, then the KCl-filled 
Em microelectrode. After about 15 min, the two current-passing 
electrodes were inserted, and a 5-nA backing current was switched 
on between them to minimise H+ leakage from the HCI micro- 
electrodes. HCI injections were made by reversing the ionto- 
phoretic current and increasing it to 35 nA for | min (first in- 
jection) or 90s (other injections). After the pH, had recovered 
from the second injection, ouabain was applied in the 
superfusate, and after the third injection DIDS was applied, 
as indicated. Finally the electrodes were withdrawn from the cell. 


But evidence from experiments on the effects of ouabain, 
a specific inhibitor of the Na pump, on muscle pH, does 
not support this idea". For acid secretion by the stomach, 
most investigators apparently favour schemes e or h. The 
latter has been studied in great detail in red blood cells, 
where it is known as the “chloride shift”, and is an 
important mechanism in CO, carriage by the blood. This 
anion-exchange in red blood cells is blocked by amino 
reactive agents'’ such as 4,4’-diisothiocyanostilbene-2,2’- 
disulphonic acid (DIDS). I have therefore tested the effects 
of both DIDS and ouabain on the Na and H* pumps in the 
snail. 

The experiments were done on the largest neurone at the 
rear of the right pallial ganglion of the common snail, 
Helix aspersa, as described before’. The exposed suboeso- 
phageal ganglia were superfused with a continuously flow- 
ing snail Ringer (4mM KCI, 80mM NaCl, 7mM CaCh, 
SmM MgCh, 22mM NaHCO;, 0.1mM NaHPO,/ 
NaH-PO, (pH 7.5), equilibrated with 2.5% CO, and 97.5% 
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Fig. 3 The effects of NaCl injection on the Em and [Nat], of 
a snail neurone, and the response to external DIDS and ouabain. 
Procedure was as in Fig. 2, except that the duration of the 
second, third and fourth injections was 2 min, the inhibitors were 
applied in reverse order and after withdrawal from the cell the 
electrodes were exposed to a Ringer with 9 mM Na. 


100 aM 


O,). The neurone was penetrated by four microelectrodes : 
one to measure membrane potential (Em), one to measure 
Na‘; or pHi, and two for iontophoretic injection, of which 
one was filled with KC] and-the other with NaCl or HCl. 

The effects of ouabain and DIDS on the H* pump are 
shown in Fig. 2. During four injections of HCl the pHi 
fell. After the first three ‘injections it.returned to the pre- 
injection level during 15min. The application of the 
ouabain-containing Ringer caused a small fall in pHi, pre- 
sumably because of a slightly lower CO, level, but clearly 
did not block. the pH; recovery. But DIDS, applied at the 
beginning of the fourth injection, equally clearly did inhibit 
the pH; recovery. Other experiments showed that the H* 
pump was very sensitive, 50% inhibition required only 
about 1 „m DIDS. Its analogue 4-acetamide-4’-isothiocyano- 
stilbene-2.2’-disulphonic acid (SITS) had the same effect. 

Figure 2 also shows that the H* pump is not electrogenic: 
there were only small changes in Em during pH; recovery 
after the HCl injections. This rules out the mechanisms 
shown in Fig. la-d. In contrast, Fig. 3 shows the charac- 
teristic Em increase associated with the electrogenic Na 
pump. The quantities of NaCl and HCl’ injected were 
similar; they were injected into the same cell (in different 
snail brains) and caused similar changes in the ion equili- 
brium potentials. Figure 3 also shows that DIDS had no 
effect on the Na pump while, as expected, ouabain blocked 
it completely. 

In some ways the pH; and [Na*], responses to HCI or 
NaCl injection were remarkably similar. The recovery of 
pH; was faster, but both recoveries were exponential and 
repeatable. The effects of ouabain and DIDS were, how- 
ever, completely different. This clearly rules out any direct 
connection between the Na and H* pumps, as in Fig. 1d. 

Since DIDS and SITS are both well established inhibitors 
of anion exchange in red blood cells, and SITS also blocks 
the anion-dependent part of the short-circuit current across 
the turtle bladder’, it is tempting to conclude that the H* 
pump in snail neurones is a C!-HCO; exchange system, 
as in Fig. 1h. The finding that the Ht pump in both squid 
giant axons’ and snail neurones” is stimulated by CO, and 
HCO; certainly supports this mechanism. 

The source of energy for what would be an ‘uphill’ 
movement of HCO; into the cell is difficult to identify. 
The Cl equilibrium potential (Eci) in the neurone studied 
is normally close to or more negative than En, so Cl” 
extrusion would also normally be uphill. In my experi- 
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ments Ei, would have been greatly reduced by Cl” injec- 
tion, but in other experiments the speed of pH, recovery 
was not affected by internal Cl” levels. It is possible that 
the anion leaving the cell is not Cl”, but it is hard to 
suggest an alternative. It is well established that the Na 
pump is driven by ATP, but preliminary experiments with 
metabolic inhibitors suggest that ATP may not be the 
energy source for the H* pump in snail neurones. For 
example, the uncoupling agent carbonyl cyanide m-chloro- 
phenyl hydrazone (CCmP) blocks the Na pump at levels 
which have little effect on the H* pump. On the other 
hand, Boron and De Weer™ found that 2mM cyanide 
inhibited the H* pump in squid giant axons. Perhaps the H* 
pump can tolerate a much lower ATP: ADP ratio than 
the Na pump. 

In conclusion, the results Pt here show that there 
is no connection between the Na and H* pumps in snail 
neurones, and suggest that the H* pump is an electroneutral 
anion-exchange system in which the inward transport of 
HCO» is coupled to the outward transport of other anions, 
presumably CI”. 

I thank Professor H. Passow and Dr H. Fasold for DIDS, 
Dr Z. Kometiani for helpful discussions and Drs E. Mills 
and M. Purves for reading the manuscript. 

Note added in proof: Recent experiments of mine on the 
snail neurone H* pump suggest that there may be some 
Na*-H* exchange as well as the anion exchange described 
above. In mammalian cardiac and skeletal muscle SITS 
has no effect on the H* pump (D. Ellis.and C. C. Aickin, 
personal communication), suggesting that the pump 
mechanism in muscle does not involve anion exchange. 
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Role of axoplasmic transport 
in neurotrophic regulation of muscle 
end plate acetylcholinesterase 


Tue mechanism underlying neural control of skeletal.muscle 
acetylcholinesterase (AChE) is not fully understood’. The 
experimental evidence points to acetylcholine (ACh)’ and 
nerve-evoked muscle activity’ as the ‘‘trophic” mediators, 
but neither is sufficient to account for the entire effect of 
innervation on muscle‘. It remains to be seen whether 
factors such as cell-to-cell contact, and/or some regulatory 
substance(s) released by motor nerves also contribute to 
the regulation of AChE activity. In turn, the regulatory 
substance(s) might be conveyed by axoplasmic transport, 
for blockage of this process causes denervation-like 
changes without disturbing neurotransmitter release or the 
consequent muscle contractile activity’. We report here a 
reversible change in the activity of endplate AChE that 
can be ascribed to a temporary interruption of axoplasmic 
transport. 
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Fig. 1 Effect of axoplasmic transport blockage (@) and 
denervation (/\) on AChE activity, in cat geniohyoid muscle. 
Muscle regions containing endplates were homogenised 1/50 
(w/v) in ice-cold NaCl-Triton buffer, pH 7.3 (1 M NaCl, 0.1% 
Triton X-100, 0.05 M Tris-HCl, 0.2 mM EDTA). AChE 
activity as reported here is that portion of the homogenate- 
dependent ACh hydrolysis that is sensitive to 5 uM BW 284 
C51 dibromide, Activity was measured by a radiochemical 
procedure in which release of *H-acetate from *H-ACh iodide 
(New England Nuclear, 50 mCi mmol~!) was quantified by 
ion-exchange chromatography and scintillation spectrometry“. 
One unit of AChE activity is defined as | umol “H-acetate formed 
per min. For each assay the final non-collagenous protein con- 
centration’ was 2-3 mg per ml of homogenate. At the concen- 
trations used, Triton X-100 did not interfere with the AChE 
assay. Because of changes in the protein content of muscles 
undergoing atrophy and hypertrophy, the AChE activity could 
not be correlated with either the initial wet weight, or the 
particulate protein content of the individual muscle", therefore, 
the results are expressed by comparison of the treated side with 
the contralateral innervated muscle (control). Each sample was 
assayed at three concentrations and the activities obtained were 
Proportional to the sample concentration. Each point represents 
the mean + s.e. of three experiments. 


Experiments were performed on adult cats, anaesthetised 
with sodium pentobarbital (36 mg kg`'). Both hypoglossal 
nerves were injected under the epineurium (experimental : 
Sl of saline, 10mM colchicine; control : 5 ul of saline), 
35mm distal to the emergence point of the lateral branch 
innervating the geniohyoid muscle. Thus surgical damage 
was avoided since the drug reached the nerve fibres under 
study only by diffusion". In similar experiments, one of the 
nerves was transected while the contralateral was left in- 
tact. At various times after the operation, the geniohyoid 
muscles were exposed in order to record their electrical 
activity and contractile properties. Subsequently they were 
removed and regions containing most of the endplates (80% 
of the AChE released by collagenase treatment’ came from 
these regions) were used to assay AChE". Consistent with a 
previous report", 6-30 d after injection of colchicine, a drug 
known to interfere with axoplasmic transport", the muscles 
became hypersensitive to ACh and displayed fibrillation, 
Nerve conduction and the effective neuromuscular trans- 
mission were unaltered. These results were obtained through 
blockage of axoplasmic transport as induced by the direct 
action of colchicine on the motor nerve"'’, When applied 
locally under the epineurium, the drug does not reach the 
muscle cells. Further, when applied topically on to the 
muscle at concentrations that interrupt axoplasmic trans- 
port, the drug provoked none of the alterations observed 
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when it was applied to the nerve. Thus colchicine may not 
necessarily cause denervation-like changes by acting on the 
muscle membrane". 

Figure | illustrates that, after treatment with colchicine, 
the activity of endplate AChE gradually decreased (days 
1-3), reached its lowest level (days 8-10) and returned to 
control values (days 25-30). In as much as colchicine blocks 
axoplasmic transport'’, the normal operation of this process 
seems to be essential for the neurotrophic regulation of end- 
plate AChE activity. Our experiments are insufficient to 
elucidate the basic mechanism of this dependence. Never- 
theless, we can assume that axoplasmic transport supplies 
some trophic factor to the postneural cell. This rationale 
is reinforced by findings which suggest the existence of a 
neurogenic diffusible substance affecting AChE activity of 
muscle in organ culture’. 

In contrast to the reversible effect of treatment with 
colchicine, denervation causes a greater enzymatic decay 
which persists for at least 35d (Fig. 1). This quantitative 
difference can be ascribed to : (1) a partial blockage of axo- 
plasmic transport, and/or (2) the regulatory action of other 
factors, such as muscle contractile activity or ACh itself. 
Muscle activity has been claimed to be the major factor 
involved in the control of chick muscle AChE’, but in 
mammalian muscles it has no such influence’. In turn, the 
role of ACh in AChE regulation is supported by results 
obtained with botulinum toxin which—apart from inhibiting 
ACh release—may block the liberation of other neurogenic 
substances*''*. In view of our results, we conclude that axo- 
plasmic transport is the most important mediator in the 
trans-synaptic regulation of skeletal muscle endplate AChE 
activity. 
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Three-step yielding of 
load-clamped mammalian cardiac muscle 


From mechanical transients of active skeletal muscle in 
response to length' or load’ perturbations some aspects of 
the kinetics of crossbridge interactions between actin and 
myosin filaments have been studied. The analysis of tension 
transients following rapid length steps has indicated that 
crossbridges may be the major site of series compliance in 
active skeletal muscle™**. The use of load steps™*® instead of 
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length steps has the advantage that any series compliance 
does not change in length after the step. Yet, in the rapid 
skeletal muscle load steps cannot be applied sufficiently fast 
to distinguish the very early events in view of their possible 
Telation to crossbridge interactions’. We have analysed 
length transients after small step increases of load, which 
did not exceed the isometric tension, during isotonic short- 
ening of afterloaded twitch and tetanic contractions of 
slow mammalian cardiac muscle at a low temperature, that 
is cat papillary muscle at 19 °C. Our main conclusion was 
that motion of attached crossbridges is confined to near 
0.80 (twitch) to 1.02 (tetanus) %, of total muscle length. 

Figure 1 illustrates the effects of a sudden increase of 
load during isotonic shortening of an afterloaded twitch. 
There were three distinct phases in the yielding of the 
muscle during the load clamp. An initial rapid lengthening 
(phase 1) accompanied the load step itself. The subsequent 
constant load resulted in a slower lengthening (phase 2) 
followed by a high velocity lengthening (phase 3). The 
amplitude of phase 1 varied with the magnitude of the load 
step (Fig. Id), but was the same for a given load regardless 
of the time of the step (Fig. 1c). From the length changes 
during phase 1 for various loading and unloading steps at 
any given time, a single uninterrupted force—extension curve 
was obtained. The length change of phase 2 occurred at 
constant speed and varied with the magnitude of the 
imposed load. But analysis of load clamps at various instants 
before peak shortening (Fig. Ic), of various magnitudes 
(Fig. 1d) and at various isotonic loading conditions before 
length change, of phase 2 and the magnitude and speed of 
phase 2, measured as the length between the end of phase 
1 and the length where phase 2 deviated from the tangent 
to phase 2, did not exceed a particular maximal value. That 
particular maximal value averaged 0.80+0.05 (s.e.m.; 
n=14 muscles) % of Imar. Moderate under- or overdamping 
of the load step made the transition from phase 1 to 2 
respectively slightly more or less distinct than at critical 
damping but without altering the magnitude and speed of 
phase 2. The level of constant speed, but not the maximal 
length change, of phase 2 and the magnitude and speed of 
phase 3 seemed to be time dependent. To measure the con- 
tribution of changing activation in twitch contractions, we 
performed further experiments on muscles tetanised by 
trains of high-intensity electrical stimuli at [Ca**] 10 mM 
and caffeine 10mM in the bathing solution". 

Figure 2 (upper) shows two superimposed load clamps 
during steady shortening of an afterloaded tetanus. Again, 


Fig. 1 Length responses of cardiac muscle to E 

sudden increases in load in afterloaded twitch ~F a 
at 19 °C. Although 3-step yielding during load 20.95 

clamps was also observed at higher tempera- „g 

tures (29°C), the time resolution of the to 

phase 2 lengthening was less satisfactory for § 

further analysis. Length and force gains were = 

the same for all panels. a, Slow sweep length T 50 

and force tracing of load clamp at a time near 5 
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twitch; control afterloaded contraction is also g 
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conditions so that subsequent isotonic short- 
ening had not proceeded below 0.95/m ax 
before the load clamp. b, Fast sweep tracings 
of contractions illustrated in a; fast sweep 
begins just before load clamp is applied; 
lengthening has three distinct phases. c, Slow 
sweep tracings of load clamps at various 
times during a twitch; fourth clamp from left 
is the same as in a. d, Fast sweep tracings of 
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three distinct lengthening phases were observed. Instan- 
taneous phase | varied with the amplitude of the load step. 
The magnitude of the lengthening during phase 2 was res- 
pectively 0.99 and 0.96%, for the load clamps a and b. The 
mean maximal value was 1.02 +0.06 (s.e.m.; n=10 muscles) 
%, of lmas. Transition to phase 3 occurred earlier in time 
and at a higher speed as the amplitude of the load step was 
increased. During a sustained tetanus, phase 3 was followed 
by a slow recovery (phase 4) without oscillations. 

From force-extension analysis, phase 1 was shown to 
reflect instantaneous undamped series compliance accom- 
panying the load step itself. The nature of series compliance 
in cardiac muscle is presumably more complex than in 
skeletal muscle’’®', that is crossbridge links between actin 
and myosin filaments‘, branching’, spiral arrangement of 
the fibres”, shearing through Z-lines and intercalated 
disks'*, and damage of tissue adjacent to the clip’. We 
largely bypassed these problems by the conditions’ of iso- 
tonic loading at heavy afterloads, allowing for homogeneous 
temporal and spatial distribution of force and nearly 
maximal extension of all non-crossbridge sources of series 
elasticity before the clamp. Nevertheless, because of the 
unpredictable relative contribution of crossbridge and extra- 
crossbridge compliance, phase 1 was not analysed further. 

Closer attention was focused on the delayed lengthening 
of the muscle during the steady-state phase of the load 
clamp when series elastic elements do not change in length. 
Analysis of length responses to load clamps in steady-state 
isotonic conditions also precluded the importance of an 
unpredictable reletion that exists in isometric contractions 
between sarcomere length and the external length of the 
preparation and that results from the large amount of con- 
nective tissue with uneven distribution of forces’*. Relating 
overall muscle length to sarcomere length was an assumption 
underlying the following discussion, and fluctuations of 
myofilaments about their mean positions within sarcomeres 
due to fluctuating forces along myofibrils’ were omitted. 
Since sarcomere lengths at lmas Obtained from living cardiac 
muscle’ were reported to average 2.23 um (ref. 19) and 
2.30 wm (ref. 20) an assumed sarcomere length of 2.25 nm 
at Imar enables phase 2 to be expressed-as an average length 
change of 9.0nm per half sarcomere for twitch contrac- 
tions. Accounting for internal shortening of about 5% of 
Imax resulting from extension of series elastic elements 
during the isometric phase of the afterloaded contraction”, 
yielded a value of 8.6nm per half sarcomere. Similar cal- 
culations for tetanised contractions provided a phase 2 





load clamps of various magnitudes at a given time during a twitch; middle clamp is the same as in b. All experiments were performed at 

the initial muscle length lax, that is the length at which active force development of an isometric twitch was maximal. The experimental 

protocol has been extensively discussed previously’. Suitable muscles were selected on the basis of their ratio of resting to total force at 

Imax (refs. 7-9), the mean ratio being 0.11 +-0.01 (s.e.m.; n = 17 muscles) at 29 °C and 12 per min. To account for the long term memory 

of cardiac muscle for loading in preceding contractions”, all test contractions were separated by a series of at least 6 equally loaded 
standardised contractions. 
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Fig. 2 Upper panel (tetanus): length responses of tetanised 
cardiac muscle to sudden increases in load (fast sweep); two 
clamps with different loads were applied during steady shortening 
of heavily afterloaded tetanus; isotonic shortening had proceeded 
to about 0.94 /,, 4. before the clamps; control tetanic contraction 
is also shown, Tetanic stimulation train was sustained along the 
whole duration of the record. Lower panel (twitch): fast sweep 
record of load clamp before and after halving afterload and 
amplitude of load step during twitch at 19 °C. Part of the force 
tracing of an isometric twitch contraction is also shown. 


length change of 10.9nm per half sarcomere. These values 
are of the same order of magnitude as the extent of motion 
ascribed to crossbridges in skeletal muscle'*. We therefore 
propose that during phase 2 attached crossbridges are forced 
to rotate back to their first point of attachment, as has 
been suggested for skeletal muscle*™. To test the con- 
nection of the delayed phase 2 lengthening distance with the 
extent of a crossbridge stroke, both afterload and load- 
step magnitude were halved with respect to the control load 
clamp experiment (Fig. 2, lower). If it is assumed that the 
number of attached crossbridges is proportionally altered, 
the extent of phase 2 lengthening should nevertheless be the 
same in both conditions. The magnitude of phase 2 was 
not altered indeed (n=11 muscles; P>0.5) and thus reflects 
the full range of back rotation of attached crossbridges. 
Rapid phase 3 lengthening might then result from forcible 
breakage of attached crossbridges. The fall of isometric 
force following completion of phase 3 in afterloaded 
tetanus was always clearly apparent, even in experiments 
where steady tetanic shortening at the time of the clamp 
had not proceeded to lengths below 0.98-0.99/,,,,.. This 
suggested that the load step itself or the concomitant length- 
ening might have detached some load bearing crossbridges 
and that crossbridges in a less favourable position of attach- 
ment could have detached all along the clamp including 
during phases | and 2. Analysis of clamps, which after dura- 
tions of 2-100 ms were reversed to the original load during 
phases | or 2 in twitch and tetanus, yielded the same con- 
clusion in showing incomplete or delayed recovery to the 
original shortening tracing. Such crossbridge events could 
possibly account for the effect of deactivation caused by 
motion in heart muscle”. Although some crossbridge re- 
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attachment might have occurred from the onset of the load 
clamp’, the far delayed recovery phase 4 during tetanus 
would predict reattaching during phases 1, 2 and 3 proceed- 
ing at a relatively much slower rate than detaching. 
Another possible explanation is that of a lengthening 
pattern following the load step but not uniform with respect 
to time in all segments along the length of the preparation 
during a twitch, with lengthening in some portions of the 
fibre and actual shortening in others™**". Phase 2 could then 
result from the delayed relaxation of those sarcomeres 
exhibiting the longest duration of mechanical activity. The 
three step yielding during tetanus under homogeneous tem- 
poral and spatial activation rules out the contribution of 
such longitudinal inhomogeneity of the duration of activity. 
In conclusion, using the slow contraction mode of mam- 
malian cardiac muscle at low temperature, we have 
analysed the delayed lengthening after load perturbations 
and we propose that in cardiac muscle, as in skeletal 
muscle’, force is generated by the total number of bridges 
attached in parallel between myosin and actin, pivoting 
about their attachment with a turnover of 8.6-10.9nm per 
half sarcomere, thus producing a force by extending the 
more compliant portion of the bridges by the same amount. 
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New elastic protein from muscle 


Ir has long been assumed that an elastic component other 
than extracellular collagen fibres is present in muscle fibres 
to explain their elastic properties, especially during passive 
stretch? The presence of such an elastic component has 
been demonstrated in skinned fibres of frog skeletal 
muscle**. Furthermore, it has been observed that myofibrils 
after the removal of myosin are reversibly extended, indi- 
cating their structural continuity’. The chemical entity res- 
ponsible for the intracellular elasticity of muscle has, 
however, remained obscure. When rabbit myofibrils were 
thoroughly extracted with salt solutions such as 0.6 M KI, 
it was noticed that remaining Z lines still maintained their 
continuity, although nothing could be seen between the 
adjacent Z lines under a phase microscope (compare ref. 6). 
Starting from this observation, we have been able to isolate 
an elastic protein from myofibrils which is clearly dis- 
tinguishable from elastin or collagen. 
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Fig. 1 Passive stretch of ‘ghost’ skinned 
fibres. a, Skinned fibres of sartorius 
muscle of the bullfrog in liquid paraffin, 
20° C; b, stretched skinned fibres; c, 
skinned fibres treated with an alkaline © 
solution (1 M KI, 0.1 M Na,S,0,, pH 
11.5):d,after 20 h in the alkaline solution, 
fibres were washed with Endo’s solution 
(107 mM K-methanesulphonate, 4 mM 
MgSO,, 4 mM ATP, 2 mM EGTA, 20 
mM Tris-maleate, pH 6.8); e, the same, 
stretched; f, the same immediately after 
release; g, the same, | s after release. 
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Myofibrils were prepared from rabbit psoas muscle 
according to Perry and Grey’. It turned out, however, that 
the myofibrils contained broken muscle fibre fragments 
together with free myofibrils and it was necessary to 
separate them by sucrose density gradient centrifugation 
(see ref. 8). Light and electron microscopic examinations 
revealed that myofibrils were free of fibre fragments and 
connective tissues and fibre fragments were contaminated a 
little by free myofibrils. Both preparations were exhaus- 
tively extracted with Hasselbach-Schneider solution and 
water, and then with 0.6 M KI (ref. 9). After the residues 
were extracted with | N acetic acid overnight, they were 
washed with water and extracted in 0.1 N NaOH for several 
hours at room temperature. The suspension was centrifuged 
to remove a yellowish supernatant. After neutralisation the 
residue was treated with hot phenol to remove some glyco- 
proteins. The phenol-insoluble material was washed with 
water. Approximately 50 mg of protein was obtained from 
pure myofibrils (1 g protein). A somewhat larger amount 
was present in fibre fragments (70 mg per | g protein). The 
final product was not soluble in 1% sodium dodecyl sul- 


Table 1 Amino acid composition of elastic protein from pure myo- 
fibrils and fibre fragments of rabbit psoas muscle* 


Pure Fibre 
myofibrils fragments 
Hypro 7 2 
Asp 95 92 
Thr 6l 59 
Ser 6l 60 
Glu 130 128 
Pro 63 65 
Gly 89 104 
Ala 82 84 
Cys/2 2 2 
Val 62 60 
Met 24 23 
Ile 53 52 
Leu 73 70 
Tyr 30 28 
Phe 29 29 
Lys 66 6l 
His 16 15 
Arg 57 56 


*Number of residues per 1,000 residues 


phate, and therefore, no protein band was detected in a gel 
electrophoresis. 

As the phenol-treated residue was washed with water, the 
material became adhesive and finally formed a lump. It 
was possible to prepare a thread of the protein by cutting 
out the lump. Stretched to 130% of the initial length, the 


thread was at a tension of as much as 2 kg cm”*. Examina- 


tion of the tension-length relationship at different tempera- 
tures showed that the thread had rubber-like elasticity 
(compare ref. 4). The Young’s elastic modulus was about 
4x10° dynecm™, a magnitude similar to that of unvul- 
canised rubber. The protein is therefore an elastic protein. 

The amino acid composition of the muscle elastic protein 
is given in Table 1 The proteins from myofibrils and fibre 
fragments were similar to each other in amino acid com- 
position. It is of some interest that the glycine content is 
much smaller than that of collagen, elastin'’ or resilin", 
which are well known as elastic proteins (see ref. 12). The 
muscle elastic protein contained a small amount of hydroxy- 
proline, which is abundant in collagen or elastin (cf. ref. 12). 
The amino acid composition is similar to that of non- 
collagenous reticulin, an extracellular glycoprotein of the 
basement membranes", which is shown to be present in the 
endomysium of muscle. There are distinct differences 
between the two proteins in hydroxyproline, cystine/2 and 
leucine content. The reticulin is soluble in 0.05 N NaOH”. 
Furthermore, the elastic protein from myofibrils and fibre 
fragments contained only 0.5-1.0% of neutral sugars in 
comparison with 4% of reticulin”. 

The localisation of the elastic protein in myofibrils is still 
obscure, but it seems that it is responsible for their con- 
tinuity. After extraction of a skinned fibre of frog muscle 
with an alkaline solution of pH 11.5, the elastic structure 
seemed to remain intact, although other structures visible 
under the microscope disappeared. It developed tension 
when stretched anc behaved as an elastic body (Fig. 1). 
Treatment with 0.1 N NaOH resulted in a considerable 
decrease in tension generation, suggesting that the elastic 
properties had been damaged. 

The muscle elastic protein makes at least some contri- 
bution to the intracellular elasticity of muscle fibre. The 
relationship between the elastic protein and reticulin or 
collagen at the myoetendinous junction is of much interest 
from the viewpoint of tension transmission. 
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Down’s syndrome and related 
abnormalities in an area of high 
background radiation in coastal Kerala 


BoTH point mutations arid structural aberrations of chromo- 
somes are induced by ionising radiations, causing genetic 
variation and abnormalities in man and other organisms. The 
mutagenic effects are dose dependent and in Drosophila a linear 
relationship between dose and mutation rate has been shown 
for doses up to 5R (ref. 1). Although man accumulates 
approximately 5 R of radiation from the environment in 30 yr of 
reproductive life, it is not known whether this is of any radio- 
biological consequence?. Nor is it known whether in man there 
is a threshold phenomenon at low doses (several hundred 
or thousand mr. per year), although there is greater repair of 
mutational or pre-mutational damage after low-dose irradia- 
tion’. In a coastal area of Kerala, South India, the background 
radiation is 1,500-3,000 mr. yr~! due to the presence of 
thorium-containing monazite mineral in the soilt- (Fig.1). 
A survey of the rat population in this area with respect to several 
measurable and non-measurable traits and of humans with 
regard to dermatoglyphics and demographic data such as 
fertility index, sex ratio and infant mortality rate revealed no 
mutational effectst™8. During an epidemiological study of 
nodular lesions of the thyroid in this area®, we noticed an 
apparently high prevalence of Down’s syndrome and other 
forms of severe mental retardation’, We therefore made a 
house-to-house survey of developmental abnormalities in this 
area and in a comparable control area without high background 
radiation’? (Fig. 1). We also determined the frequency of 
chromosome aberrations in a sample of the normal population 
living in the study and control areas. The observations we report 
here support the view that radiation-induced genetic anomalies 
occur with above average frequency in the population living 
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Fig. 1 Map showing the study and control areas. 


in the area with high background radiation. The area surveyed 
was the southernmost one-fifth of the Chavara-Neendakara 
strip (Fig. 1). In the thatched huts which constitute 75% of all 
households, the exposure risk is 1,500-3,000 mr. yr-}, and 
personal exposure, as measured by calcium fluoride dosimeters, 
closely parallels the exposure risk in the households. The control 
area consisted of the Purakkade—Punnapura villages, with a 
background radiation of approximately 100 mr. yr~ (ref. 7). 
Households were visited repeatedly to ensure examination of all 
members. Only gross abnormalities evident on clinical examina- 
tion were recorded. Cytogenetic abnormalities were scored blind 
on slides prepared from 64-h micro-blood cultures". 

Demographic and epidemiological details are reported 
elsewhere®. Briefly, the study and control populations were 
similar in age and sex structure, ethnic composition, living and 
diet habits, social customs, economic status and occupation. 
The mean age of all women was 30.3 +7.09 yr and 30.12+7.04 yr 
in the study and control populations, respectively. The frequency 
distribution by age of women at the birth of the last child was 
similar in the two populations. The mean family size was 6.2 
in the study and 6.4 in the control population. Rate of consan- 
guinity was 12% in the study population and 15% in the control. 
Abortion rate per 1,000 pregnancies was 109 and 64.5, 
respectively, in study and control populations (P > 0.05), based 
on a random survey of 57 couples in the study area and 68 
couples in the control area. 





Table 1 Prevalence of severe mental retardation* 





Type Study population Control population 
(12,918) (5,938) 
Per Per 
Total 1,000 Total 1,000 
Genetic 
Down’s syndrome 12 0.93 0 0 
SMR with physical 
abnormalities 12 0.93 I 0.17 
Idiopathic l1 0.90 3 0.50 
Acquired 
(Perinatal and 
postnatal) 6 0.46 3 0.50 
TOTAL 41 3.1 7 1.16 





The definition of severe mental retardation (SMR).is according to 
the WHO Classification of 1968. Figures in parentheses indicate the 
total number of persons surveyed. 
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Severe mental retardation was the commonest developmental 
abnormality encountered in the study area (Table 1). Clinically, 
85% of the abnormalities detected in the study population were 
“genetic” in origin, compared with the 56% in the control 
population. The frequency of acquired retardation was 
comparable in the two populations. Prevalence of Down's 
syndrome was 0.93 per 1,000 in the study population, accounting 
for a third of the genetic retardations observed, whereas no 
cases were detected in the control population. 

Chromatid and chromosome aberrations were scored in 
1,705 metaphases from 46 subjects and in 1,547 metaphases from 
39 individuals in the study and control areas, respectively. The 
mean frequency of aberrations was higher in the study area 
(chromatid, 3.0+44.6 compared with 1.2+4-1.9; chromosome, 
1.9+3.1 compared with 0.2 +.0.6). Considering the high variance 
of mean aberration number, a xy? test was applied by grouping 
the data as shown in Table 2. This revealed no significant 
difference in chromatid aberrations between the two groups 





Table 2 Frequency of cytogenetic aberrations 





%, Aberrations Chromatid Chromosome 
Study Control Study Control 
0 20 23 24 36 
1-3 12 H 13 3 
3 14 9 0 
P > 0.05 P < 0.01 





Figures in columns 2-5 give numbers of individuals. 
*These were mostly deletions (acentric fragments and minutiae), 
with few rings and dicentrics. 


(P > 0.05), while the difference in the chromosome aberrations 
was significant (P < 0.01). 

The observed frequency of Down’s syndrome in the study 
population (1:1,076) was higher than in the control population 
(P < 0.05), and was significant for the following reasons. 
(1) Although no data are available on the population frequency 
of Down's syndrome in India, there are figures for the Eastern 
counties of England, 1:10,000; London, 1:3,000; Germany, 
1:7,000; Denmark, 1:4,000; Australia, 1:2,083, and North-east 
Scotland, 1:2,000'*'*. The frequency in Kerala is higher than 
in any of those (except the Shetland islands, for which the value 





Table 3 Frequency of Down’s syndrome distributed by maternal 
age at conception in study area 


Maternal No. of % of all No. of Frequency 
age (yr) females females cases 

20-29 862 13.6 | 1:862 
30-39 729 11.5 9 1:81 
40-49 532 8.4 2 1:266 





Comparative figures for the distribution of females in the control 
population were: 20-29-yr group, 478 (16.5%); 30-39-yr group, 369 
(12.7%); 40-49-yr group, 264 (9.1°%). There was no case of Down's 
syndrome in this population. 


is 1:714)'* although infant mortality is four to five times greater 
than in these areas. (2) The frequency of Down's syndrome 
among births in India as a whole is 1:1,215 (ref. 14). In Madras, 
South India where the people are ethnically closer to those in 
Kerala, the incidence is lower (1 :3,833). The frequency in the 
general population is expected to be lower than this because of 
the higher mortality among patients with Down's syndrome" 
while in Kerala the frequency is higher. (3) Most striking is the 
higher frequency of cases of Down’s syndrome born to mothers 
aged 30-39 yr (Table 3). This figure of 1:81 can be compared 
with 1:880 and 1:290 for maternal ages of 30-34 yr and 35-39 yr, 
respectively, calculated by Penrose and Smith'®. (4) The increase 
is also evident in a comparison of the proportion of cases of 
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Down’s syndrome born to mothers more than 30 yr old in the 
study area (91%) with that among 615 cases documented in 
India (51 %)*. 

Epidemiological and experimental evidence is accumulating 
which suggests an association between low dose irradiation of 
older mothers and non-disjunctional disorders in the 
offspring’? ~'". The maternal age-dependence suggests that the 
damaging event accelerates oocyte ageing and causes primary 
trisomy rather than translocation trisomy which is known to be 
independent of maternal age'’. These observations agree 
remarkably well with our results. In 11 of 12 cases of Down's 
syndrome maternal age was greater than 30 yr and six of the 
cases who were successfully karyotyped had trisomy 21. The 
higher prevalence of chromosome aberrations in apparently 
normal subjects from the radiation area a!so supports the view 
that environmental radiation may be the cause of the genetic 
damage in the population. Similar cytogenetic findings have 
been reported from a Brazilian population living in an area of 
high natural radioactivity”’. 

The prevalence of severe mental retardation of genetic origin 
was four times higher in the study than in the control population, 
whereas that due to acquired perinatal and postnatal causes is 
comparable. The nature of the genetic defect remains undeter- 
mined in most of these patients, except in the group with Down’s 
syndrome, where trisomy 21 was demonstrated by karyotyping. 
Mental retardation was associated with different physical 
abnormalities in 12 patients in the study area. Although 
karyotyping was not done in these patients, chromosome 
imbalance is now recognised to be important in the genesis of 
such syndromes?™??, Kirman suggested that a grade of genetic 
defect intermediate between, on one hand, gross and visible 
chromosome errors, and, on the other hand, point mutations 
involving structural changes in the chromosomes, such as 
inversions and crossovers, may cause idiopathic mental 
retardation**. In view of these possibilities, radiation-induced 
genetic damage seems likely to be responsible for the high 
prevalence of mental retardation in the area we studied. 
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Modulation of the 


synthesis in vitro of a 
hormone-induced protein by transfer RNA 


We have shown that transfer RNAs (tRNAs) and the 
enzymes which modify their structure at the macromol- 
ecular level (tRNA methyltransferases) are under hormonal 
control in the target tissue'’. Oestrogen-induced, cell- 
specific protein synthesis in immature chick oviducts has 
been extensively studied‘ *. Oestrogen induces cytodifferen- 
tiation of the primitive oviduct and the consequent synthesis 
by the tubular gland cells of ovalbumin, conalbumin, ovo- 
mucoid and lysozyme’. Continuous presence of oestrogen is 
required for the sustained synthesis of these proteins in im- 
mature chicks; withdrawal of oestrogen is accompanied by 
a gradual decline in cell-specific protein synthesis. The 
tubular gland cells in the oviduct magnum, however, con- 
tinue synthesising non-secretory proteins. Readministration 
of oestrogen to chicks after withdrawal (secondary stimu- 
lation) results in the restoration of the synthesis of cell- 
specific proteins without concomitant need for DNA 
synthesis. We report here that in an in vitro tRNA- 
dependent protein-synthesising system from Ehrlich ascites 
cells, stimulation of the translation of ovalbumin MRNA 
was significantly enhanced by tRNA extracted from the 
oviduct of oestrogen-stimulated immature chicks or from 
the oviduct of laying hens compared with tRNA from 
oviducts of withdrawn chicks. Therefore, the efficiency of 
synthesis in vitro of a hormone-induced protein can be 
regulated by tRNA. 

We had found previously that oestrogen-induced syn- 
thesis of ovalbumin can be enhanced by tRNA isolated 
from the oviduct of the laying hen, when it is added to 
oviduct explants of immature chicks*. To study the mech- 
anism of enhancement of ovalbumin synthesis by tRNA we 
developed an in vitro protein-synthesising system which is 
completely tRNA dependent”. Such a system was essential 
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'*C-amino acid incorporation (c.p.m. x 107+) 
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Fig. 1 Stimulation of protein synthesis by oviduct tRNA from 
immature chicks in a tRNA-dependent protein-synthesising 
system. The assay mixture contained in a volume of 100 ul: 
20 mM Tris-HCI (pH 7.5), | mM ATP, 0.2 mM GTP, 6 mM 
creatine phosphate (all adjusted to pH 7.5), 20 ug creatine kinase, 
0.5 Ci “C-amino acid mixture, 0.05 mM of each of the six 
freshly neutralised non-radioactive amino acids missing from the 
“C mixture, 6 mM mercaptoethanol, 50 mM KCl, 3 mM 
magnesium acetate, 3 ug oviduct MRNA, specified amounts of 
tRNA, 0.45 Azso units of DEAE-cellulose-passed ribosomes and 
0.12 Azs units of ammonium sulphate fraction’. All incubations 
were carried out in duplicate at 37 °C for 90 min. The amino 


Nature Vol. 262 July 1 1976 


for studying the contribution of tRNAs from different 
sources to the efficiency and fidelity of translation of a 
specific messenger RNA (mRNA); otherwise the residual 
endogenous tRNA can mask any specific effect", 

Figure | shows the effect of tRNA from three different 
sources on amino acid incorporation. It is evident that 
tRNA from the oviducts of oestrogen-stimulated chicks or 
from oviducts of laying hens produced an enhanced stimu- 
lation of amino acid incorporation in the presence of 
ovalbumin mRNA (6, upper curve). On the other hand, 
the tRNAs from the three sources were equally effective in 
stimulating amino acid incorporation with residual endo- 
genous MRNA. 

The efficiency of translation of oviduct mRNA was also 
assayed by the extent of synthesis of ovalbumin and the 
results are presented in Fig. 2. Ovalbumin, precipitable with 
specific antisera, was synthesised to a 70%, greater extent 
in the presence of tRNA from oestrogen-stimulated chicks 
than in the presence of tRNA from chicks that had not 
received secondary oestrogen stimulation. 

The identity of the polypeptides precipitated by antisera 
was confirmed by gel coelectrophoresis with authentic 
markers (Fig. 3). The faster moving components are prob- 
ably nascent, incomplete ovalbumin precursors. The experi- 
ments were reproducibly repeated with three different pre- 
parations of tRNA, isolated from different batches of 
chicks, using separate preparations of the protein-synthes- 
ising system from Ehrlich ascites cells. There were some 
variations in the activity of the protein-synthesising systems. 
In different experiments, however, ovalbumin mRNA trans- 
lation was 50-75'", greater by oviduct tRNA from oestro- 
gen-stimulated chicks than from withdrawn chicks. For 
reproducible results it is essential to use protein- 
synthesising systems which depend completely on the 
presence of exogenous tRNA. 

To rule out the possibility that the relative inefficiency 
of oviduct tRNA from withdrawn chicks in the synthesis 
of ovalbumin stems from some unknown artefact of the 
isolation, its effectiveness in the translation of another 
mRNA was tested. In the efficiency of translation of rabbit 


acid incorporation was linear up to 120 min. At the end of 
incubation to determine amino acid incorporation into poly- 
peptides, 0.2 ml 0.2 N KOH was added and the tubes were 
further incubated for 20 min, | ml TCA was added and the samples 
were filtered through Whatman GF/C filters, washed 4-5 times 
with 5% TCA and once with ethanol. The filters were dried and 
counted in a liquid scintillation counter. a, Stimulation of 
protein synthesis with oviduct tRNA from withdrawn chicks 
with endogenous mRNA (@——@) and amino acid incorpora- 
tion in the presence of oviduct mRNA (@--@). b, Upper 
curve: stimulation of protein synthesis with oviduct mRNA by 
oviduct tRNA from oestrogen-stimulated chicks (@) or from 
laying hens ( A); lower curve: amino acid incorporation without 
oviduct mRNA. Four-day-old chicks were injected with oestra- 
diol benzoate for 10 d followed by a withdrawal period of 3-4 
weeks; the secondary oestrogen stimulation consisted of a single 
injection of 2 mg oestradiol". Oviducts were removed aseptically, 
the magnum portion of the oviduct was freed of adjoining tissue 
and was immediately frozen in acetone-dry ice. Frozen tissue 
was homogenised in 5 volumes 50 mM Tris-HCl, pH 8.3, 5 mM 
EDTA, 75 mM NaCl, 0.5% SDS and an equal volume of buffer- 
saturated phenol in a Sorvall omnimixer at full speed for | min. 
The aqueous phase was re-extracted twice with phenol and the 
nucleic acids were precipitated with 0.1 volume 20% potassium 
acetate and 2 volumes ethanol. The tRNA was separated from 
the bulk nucleic acids by DEAE-cellulose chromatography and 
was treated with DNAse followed by Pronase* and extracted 
with phenol. The tRNA was deacylated'? and further purified by 
gel filtration on Sephadex G-100 (ref. 8). Oviduct magnum tissue 
from 40 chicks (4-5 g) withdrawn from oestrogen for 3-4 weeks 
and from 5-6 chicks (5-6 g) which received secondary oestrogen 
stimulation, was used for the isolation of (RNA. The yield of 
purified tRNA from withdrawn chick oviducts was one-half 
(10 Aygo) Of the tRNA from secondary oestrogen-stimulated 
chicks, Oviduct mRNA was isolated by affinity chromato- 
graphy on oligo (dT)-cellulose'*. All glassware was dried over- 
night at 300°C and the solutions were made in glass-distilled 
autoclaved water. 
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**C-ovalbumin synthesis (c.p.m. x 10> 3) 





tRNA (ug) 


globin mRNA no differences were found in the tRNAs 
from the two sources (data not shown). The quality of the 
tRNAs from the two sources in the translation of mRNAs 
other than that of ovalbumin is also implied, albeit to a 
quantitatively lesser degree, by the equivalent translation of 
the endogenous mRNAs from the ascites cells (Fig. 1, lower 
curves). 

Oestrogens are known to have multiple effects on target 
tissues. In the chick oviduct they can stimulate accumula- 
tion of specific mRNA’, tRNA", tRNA _ methyltrans- 
ferases'", polysomes''’’, endoplasmic reticulum'?' and 
factors essential for translation”. The findings presented 
here imply that the relative inefficiency of oviduct tRNA 
from withdrawn chicks in ovalbumin synthesis may be due 





14C radioactivity (c.p.m. x 107?) 
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Fig. 3 SDS-polyacrylamide disc gel electrophoresis of labelled 
proteins precipitated with antiserum to ovalbumin. Details for 
protein synthesis and immunoprecipitation are described in Figs. 
l and 2. Immunoprecipitation was carried out in 25-ul aliquots 
of the reaction mixture of protein synthesis after 90 min incuba- 
tion at 37 C, washed antibody precipitates were mixed with 
*H-labelled ovalbumin and conalbumin synthesised in oestrogen- 
stimulated oviduct explants™, as internal markers, and co- 
electrophoresed. The mobility of conalbumin (CON) and of 
ovalbumin (OV) is indicated. Oviduct mRNA was translated 
with 5 ug oviduct tRNA from withdrawn chicks (a) and oestrogen- 
stimulated chicks (b). 
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Fig. 2 Synthesis of ovalbumin in a tRNA-dependent protein- 
synthesising system. The details for protein synthesis were the 
same as described for Fig. 1. Ovalbumin synthesis was deter- 
mined in aliquots of the assay mixture after incubation for 90 
min at 37°C by specific immunoprecipitation with antiserum 
against purified ovalbumin". Aliquots (25 ul) of the reaction 
mixture were adjusted to 230 ul in plastic microfuge tubes 
(Beckman) by the addition of 15S mM NaCl in 10 mM sodium 
phosphate (pH 7.5); to this were added 10 ul ovalbumin (5 pg), 
50 ul ovalbumin antiserum (antibody excess) and 20 pl 10% 
sodium deoxycholate. The contents of the tubes were mixed and 
incubated overnight at 37°C. The precipitates were collected 
by centrifugation in Beckman microfuge (model 152), washed 
3-4 times with 10 mM sodium phosphate (pH 7.5) containing 150 
mM NaCl, 1 % deoxycholate and 1% Triton X-100 (ref. 8). The 
pellet was dissolved in 0.1 ml NCS and counted". Correction for 
nonspecific trapping of radioactivity by the immunoprecipitate was 
made by carrying out precipitation reactions in identical aliquots 
of the reaction mixture in the presence of 5 ug bovine serum 
albumin and 50 u! bovine albumin anti-serum. The immuno- 
precipitate from assay mixtures with oviduct mRNA usually 
contained 3,000-6,000 c.p.m. compared with 600-800 c.p.m. of 
nonspecific trapping. Ovalbumin synthesis was reproducibly 
quantified by this procedure. Ovalbumin-specific radioactivity 
was not precipitated from incubations in which rabbit globin 
mRNA or encephalomyocarditis viral RNA were translated. 
The specificity of the precipitation reaction was also checked by 
SDS-polyacrylamide gel electrophoresis of the antibody-antigen 
precipitate". The radioactivity in the antibody-antigen precipi- 
tate from oestrogen-stimulated chick oviduct explants migrated 
as a single peak with the mobility of ovalbumin. Ovalbumin 
synthesis in the presence of oviduct tRNA from withdrawn 
chicks (@ @) and oestrogen-stimulated chicks (@-~—@). 


to a deficiency in the population of tRNAs. The validity of 

such an assumption can be probed experimentally because 

the oviduct of the laying hen offers an abundant source of 

tRNAs which have a high efficiency of translation. 
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Human—mouse cell hybrid 
with human multiple Y chromosomes 


HumMan-—mouse cell hybrids usually exhibit preferential loss 
of human chromosomes'?. After a time interval, which 
depends in part on the cell types used, most or sometimes 
all the human chromosomes segregate out from the hybrid 
cells’. In the course of investigation of the phenomenon of 
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preferential loss of human chromosomes from hybrids 40] 
between the mouse cell line RAG and human leukocytes, 
we isolated and analysed sixteen human-mouse (RH) 
hybrids. Seven of these hybrids had retained the human 
Y chromosome. Five of these had only one copy per cell of 
Y, one had two copies per cell and one, RH-28, had four 21) 
copies of the Y in many cells. We decided to study more 
extensively this hybrid which seemed to have lost all the | 
human chromosomes except number 17 and the Y 5 
Figure | shows a cell of RH-28 stained by the Q-bandine 
technique which has four human Ys and a human x1) | 5 
chromosome 17. We determined the distribution of Y a 
chromosomes in 95 cells of RH-28. The results presented 
in Fig. 2 show that the majority of the cells screened had 54 
three or four Y chromosomes. In a few cells the number of 
Y chromosomes was even higher. In one cell which had a 
much larger number of mouse chromosomes there were 
ten human Y chromosomes. The only other human chromo 
somes present in these hybrid cells was a single copy per $4 r 
cell of chromosome 17 
The presence of multiple copies of a specific human 
chromosome in human-mouse cell hybrids has been ai tf 2 x nS 2 eo WO 
reported by Green er al.*. In their hybrids, the mouse parent No. of human Y chromosomes cell 
was a thymidine kinase deficient (TK ) mutant and Green 


of cells 


104 


Fig. 2 Distribution of human Y chromosomes in cells of 
human-mouse hybrid RH-28 


et al. could, therefore, select for retention of human 
chromosome 17, which contains the TK gene. They tried to 
Select lines with a high number of human chromosomes 17 


by selecting subclones which grew in HAT medium con- 
taining low concentrations of thymidine. Three of ten 
subclones had higher mean numbers of chromosome 17 

We subcloned hybrid RH-28 to see whether we could 
select subclones in which all or most of the cells had the 
same number of Y chromosomes. The results (Fig. 3) 
indicate that in some of the subclones there was a stable 
number of Y chromosomes. Thus in subclone 8 all 25 cells 
scored had four Y chromosomes. In another subclone, 2. 
30 of 34 cells scored had four Y chromosomes. In several 
other subclones the Y chromosomes seemed to have 
stabilised at a lower number per cell. In subclones 1. 3, 5 


Fig. 3 Distribution of human Y chromosomes in cells from 

nine subclones of hybrid RH-28. The mean number per cell of 

human Y chromosomes and the mean number per cell of mouse 
chromosomes (__ ) is included for each subclone 
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Fig. 1 A metaphase cell from RH-28 in which the human Ss) Q g 
number 17 and four human Y chromosomes are indicated -> 68 4.0 1.8 
by arrows. The mouse parental line used in the hybridisation 0 (197 (116) (118 
experiment was the hypoxanthine-guanine-phosphoribosyl- f ] 
transferase deficient (HPRT~) RAG cell line*. The other IS 
parental cells were unstimulated leukocytes from a human ii 
> J 
male. The cells were induced to fuse by B-propio-lactone in- 
activated Sendai virus*™®, Hybrids were selected in HAT 5 
medium". The isolated hybrids were maintained in MEM = 
medium. Four-six weeks after fusion, cells from 16 hybrids es? Na. AER ee pt ee 
0 , Be $ 00 ) 4 6 N 10 0 R: | 6 S&S 10 


were collected, chromosome preparations made and the . . 
chromosomes identified by quinacrine banding patterns™ No. of human Y chromosomes/cell 
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and 9, 85 of 97 cells scored had only one or two Y chromo- 
somes. A different situation was found in subclone 7 in 
which the number of mouse chromosomes doubled and the 
number of Y chromosomes in the majority of cells scored 
was between six and eight per cell, This subclone was 
stable over a period of at least 100 generations with respect 
to the doubled number of mouse chromosomes and the 
number of human Ys. In most of the cells of the nine sub- 
clones one copy of human chromosome 17 was still present 

If the accumulation of the Y chromosomes in hybrid 
RH-28 resulted from non-disjunction and selection for 
multiple Y chromosomes per cell, then the stability of some 
subclones with four and others with only one or two 
Y chromosomes indicates that the frequency of non- 
disjunction and selection has decreased, This phenomenon 
of accumulation of the Y chromosome may be analogous to 
the accumulation of B chromosomes in a variety of species’ 

Mittwoch and Kirk" showed that in mammals, gonadal 
cells which contain a Y chromosome grow faster than cells 
which do not contain a Y. It is tempting to speculate that 
the selection for cell hybrids with multiple Y chromosomes 
is due to a faster rate of growth. 





Fig. 4 


clone 2. 


Upper, human Y chromosomes from two cells of sub- 

The Y chromosome on the right of each group is 
longer and has two quinacrine bright bands. Lower, human Y 
chromosomes from an RH-28 cell and a cell from subclone 6 
Several of these Ys have a dull distal region. 


In several subclones of the RH-28 hybrid the Y chromo- 
some seemed to have undergone rearrangements which we 
are now investigating. Thus, in subclone 2 there were 
usually four Y chromosomes per cell. Three of these 
seemed to be normal whereas the fourth was almost twice 
as long and possessed two wide quinacrine bright bands 
instead of one (Fig. 4). In other cells, some of the Y chromo- 
somes were altered in a different way, having a dull area 
distal to the bright band (Fig. 4). 

The availability of human mouse hybrid cell lines con- 
taining the human Y may enable us to isolate and character- 
ise proteins which are produced by Y linked genes, for ex- 
ample the H-Y antigen’. To facilitate this we have already 
obtained subclones that have lost the only other human 
chromosome present, number 17, but have retained multiple 
copies of the Y chromosome. 

This research was supported by grants from the National 
Foundation. March of Dimes and the NIH. M.M. was a 
visiting assistant professor on an Eleanor Roosevelt Inter- 
national Fellowship Award (American Cancer Society) 
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Chromosomal proteins regulate 
steroid binding to chromatin 


Sreroip hormones accumulate in their respective target 
cells due to the presence of “receptor” proteins which bind 
the steroid with high affinity and specificity'™*. It seems that 
the steroid-receptor complexes then migrate and bind to 
nuclear chromatin’ Within about 15min there is an 
alteration in transcription which is followed after 2h by 
the appearance of specific messenger RNAs‘ *. At present, 
the mechanism by which steroids alter gene expression is 
obscure. The group in our laboratory is attempting to iden- 
tify the nuclear (or chromatin) component which binds the 
progesterone-receptor (P-R) complex because it is possible 
that the macromolecules involved are also involved in the 
steroid-induced modifications of gene expression. We have 
demonstrated recently more than one class of binding sites 
in chick oviduct nuclei in vivo and in hen oviduct nuclei 
and chromatin in vitro" '™",. The highest affinity class of 
sites, representing 5,000-10,000 sites per cell nucleus, is 
suspected to be the biologically important class, because: 
(1) it is the only class which binds P-R in vitro in physio- 
logical ionic conditions (0.15-0.20 M KCI); (2) it is the only 
class bound in vivo when the steroid is at physiological 
levels in the serum; (3) binding to whole chromatin is tissue- 
specific, found only in oviduct chromatin, and (4) when 
these sites are saturated in vivo with the P-R, maximal 
responses of the RNA polymerase I and II activities are 
observed in vitro. Although additional nuclear binding to 
the sites of weaker affinity can be achieved in vivo, this 
causes no further alteration of polymerase activities’. We 
have also found that the low ionic conditions (0.01—0.05 M 
KCl), often used in binding assays, result in a pattern of 
nuclear binding which is non-saturable and shows no tissue 
specificity. When the ionic strength of the binding assays is 
increased to 0.15M or 0.2M KCI, there is a saturable, 
tissue-specific binding which measures selectively only the 
highest affinity class of binding sites" ™. We now present 
evidence which suggests that one fraction of the non- 
histone protein (NHP) (called AP.) is involved in the high 
affinity binding ef P-R to the chromatin of the pro- 
gesterone target tissue—oviduct—while other fractions (AP, 
or AP.) are involved in masking these binding sites. We 
also present data which indicate that the high affinity 
binding sites are present but completely masked in non- 
target tissues. 

Figure | shows high affinity binding (that is, binding 
assayed in 0.15-0.2 M KCl) of P-R to hen oviduct nuclei 
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and chromatin in vitro. The same high affinity binding to 
chick oviduct nuclei in vivo is shown for comparison, When 
the histones were removed, the in vitro binding was only 
slightly greater than that of whole chromatin. But when the 
acidic protein fractions AP; and AP. were also removed, 
the level of the high affinity binding to the oviduct material 
was enhanced four to fivefold. Finally, the removal of the 
remaining NHP (representing the AP; fraction) resulted in 
a loss of practically all high affinity binding. These results 
strongly support a role of NHP both in constituting part 
of the high affinity sites and in the masking of these sites 
in the oviduct (target tissue) nucleus, If the dissociated 
proteins were reconstituted back to the DNA, the high 
affinity sites were not only reinstated in the reconstituted 
hen oviduct chromatin but also at the same relative levels 
as the untreated hen oviduct chromatin, that is, the high 
affinity sites as well as the masking were restored. This 
ability to restore the native levels of binding to reconstituted 
chromatins was demonstrated previously with chick 
oviduct”, 





mol *H=-progesterone bound per cell ( x 10°) 


0 100 200 
— 4l *H-progesterone receptor 
0 50 100 


——~— yg *H=-progesterone injected 


Fig. 1 Binding of *H-progesterone to high affinity sites in the 
nuclear material of oviduct (a), spleen (b) and erythrocytes (c) 
of the chicken. ~, Binding to nuclei of the chick oviduct 
in vivo as described elsewhere!: , binding in vitro using 
isolated nuclear components and *H-progesterone-receptor 
complex as described elsewhere!!*. The in vitro binding to the 
soluble DNA-protein complexes was performed using strepto- 
mycin to precipitate the protein-DNA complexes, bound with 
the *H-progesterone-receptor complex, or using protein-DNA 
complexes attached to cellulose as described elsewhere". High 
affinity binding in vitro was assayed under 0.15 M KCI using 
0-200 yl of labelled receptor and 50 pg of DNA (as chromatin or 
protein-DNA complex). The removal of total histones as well as 
AP,, AP, or total protein has been described elsewhere? 121415, 
The efficiency of removing these fractions from chromatin DNA 
and the integrity of the nuclear components were assayed by 
Polyacrylamide gel electrophoresis and quantitation of the 
protein: DNA using the Lowry! and diphenylamine™ methods. 
The *H-progesterone-receptor complex was isolated, partially 
purified and assayed for its integrity as described elsewhere". 
The symbols represent binding to: @, isolated nuclei: x, whole 
chromatin; ), chromatin deficient in histone: $, chromatin 
deficient in histone, AP,, APs, and A, chromatin deficient in 
total protein (pure DNA). The number of molecules of 
*H-progesterone bound per cell was calculated using the 
specific activity of the steroid (47 Ci mmol~ for the stock 
solution), 2.5 x 10-'* g DNA per diploid cell of the hen organs”, 
and 26% counting efficiency. The 10,000 molecules bound per cell 
represents 180,000 c.p.m. per mg of DNA or 9,000 c.p.m. per 
assay (50 ug DNA). 
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Table 1 Extent of masking of high affinity sites 


ae % Total 
Level of binding at saturation sites masked 
(molecules per cell) 


Source 


Oviduct nuclei 


in vivo 10,600 58 
Oviduct nuclei 

in vitro 5,951 76 
Oviduct chromatin 7,441 71 
Oviduct chromatin 

-histone 9,278 53 
Oviduct chromatin 

-histone 

-AP,, AP, 25,290 0 
DNA 2,055 — 
Spleen nuclei 60 100 
Spleen chromatin 48 100 
Spleen chromatin 

-histone 

-AP,, AP, 24,106 0 
Erythrocyte nuclei 357 98 
Erythrocyte chromatin 416 97 
Erythrocyte chromatin 

-histone 

-AP,, AP, 15,018 0 





These data were taken from values in Fig. 1. The number of 
binding sites measured in each of the chromatin-histone AP,, AP, 
preparations was assumed to represent the total sites in the respective 
chromatin and thus each of these preparations was assigned a 0% 
masking. The values at saturation for each preparation were taken 
at 100 ug of injected hormone for the in vive binding and at 200 ul 
of labelled receptor preparation for the in vitro binding. The pre- 
parations of the nuclear components as well as the hormone binding 
assays were performed as described in the legend of Fig. 1. 


It is interesting that the nuclei and chromatin of non- 
target tissues (hen spleen and erythrocyte) showed little 
high affinity binding (Fig. 1). The removal of histones 
and NHP fractions AP; and AP», however, resulted in a 
level of binding approximating that of the target tissue (hen 
oviduct). Thus, although the non-target tissues showed none 
or a few nuclear high affinity sites, these sites were present 
but completely masked by protein (Table 1). Assuming that 
all acceptor sites were unmasked in the chromatins devoid 
of histones, AP, and AP», the in vivo binding to chick ovi- 
duct nuclei showed 58%, masking. The in vitro binding to 
hen oviduct nuclei/chromatin exhibited about a 60 to 80% 
masking while that to hen spleen or erythrocyte nuclei/ 
chromatin showed essentially 100% masking. 

The biological need for an apparent distribution of high 
affinity binding sites throughout the animal and the masking 
of them remains obscure. It would be interesting to assess 
whether or not the extent of masking varies under normal 
biological influences. Along these lines, Chatkoff and 
Julian’ reported that progesterone treatment of ovari- 
ectomised rabbits caused an increase in the binding of 
oestrogen-receptor complex in vitro to uterine nuclei. 
Similarly, Spelsberg er al.” found that the levels of binding 
of the progesterone-receptor complex to oviduct nuclei in 
vitro varied during the oestrogen-induced development of 
the chick oviduct. Both these studies involved the high 
affinity sites described here because physiological ionic 
conditions were used in binding assays. The question arises 
whether or not transformed cells in culture or in mammary 
tumours which contain steroid receptors but which do not 
respond to the steroids, have masked nuclear “acceptor” 
sites. Thus, these cells may be unresponsive since the 
genome cannot bind the steroid—receptor complexes. 
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Effect of maternal age on intercellular 
adhesion of embryonic chick liver cells 


IN appropriate conditions single cells obtained by dissocia- 
tion of embryonic tissues form organised cell masses 
resembling tissues. We wish to present results indicating that 
the adhesive properties of chick embryonic cells depend on 
maternal age. These unexpected observations were made in 
studies on the mechanism of intercellular adhesion. The 
formation of initial aggregates between chick embryonic 
liver cells is a two-step process’; cells rapidly and reversibly 
bind to each other to form aggregates in a step that is not 
inhibited by metabolic poisons. The reversibly bound cells 
are then converted into stably bound cells in a process 
requiring metabolic energy. 

Current studies are concerned with the formation of 
stable bonds between chick embryonic liver cells. The 
formation of such bonds was stimulated by the addition of 
L-ascorbic acid and L-glutamine (or p-glucosamine): these 
compounds promoted the adhesion of more single cells, and 
the resulting aggregates were larger and appeared more 
compact. As shown here, however, this stimulation 
depended on the age of the hen from which the embryo was 
derived. 

The addition of ascorbate and glutamine to single cells 
derived from the embryos of younger hens (about 20 weeks 
old) increased the number of cells in aggregates after 
40 min by 30-50%, (Fig. 1). In contrast, the aggregation of 
cells derived from older hens (about 40 weeks) was not 
altered significantly by ascorbate and glutamine. The 
mechanism of action of ascorbate and glutamine is being 
studied and the results will be presented elsewhere. 

Eggs from White Leghorn chickens (Truslow Farms, 
Maryland) and suspensions of liver cells from 12-d-old 
embryos were prepared by a modified method of Howard 
et al?. The cells, suspended in Earle’s salt medium, were 
incubated on a rotary shaker (about 310° cells in 0.3 ml) 
and allowed to aggregate as described before’. The rate at 
which single cells formed aggregates was determined with a 
Coulter electronic particle counter’. Only single cells were 
counted, so that the number of single cells remaining in 
suspension decreased as aggregation proceeded. The 
decrease in single cells was an accurate measure of cell 
aggregation. 

In a typical experiment with embryos from younger hens 
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Fig. 1 Stimulation of liver cell aggregation by ascorbate and 


glutamine. Liver cells (2.9 x 10° cells. 0.3 ml) were allowed to 
aggregate at 37 C in a rotary shaker in standard conditions! in 
the presence or absence of ascorbate (0.6 mg ml ~!) and glutamine 
(2.7 mM). After incubation, cells were diluted with 10 ml of cold 
balanced salts solution and the single cells remaining (after 
dissociation of the reversibly bound cells) were counted, The 
data presented are not multiplied by the constant dilution 
factor. a, Liver cells of embryos derived from younger hens 
(27 weeks) were incubated without additions (© ) or with ascorbate 
and glutamine (@). b. Liver cells of embryos derived from older 
hens (35 weeks) were incubated without additions (~>) or with 
ascorbate and glutamine ( @). 


(27 weeks) 50% of the cells aggregated in 40 min. The addi- 
tion of ascorbate and glutamine increased the extent of 
aggregation to about 75%, (Fig. 1). When embryos from 
older hens (35 weeks) were used as a source of cells, how- 
ever, no stimulation was obtained after addition of ascor- 
bate and glutamine (Fig. 1). 

The stimulation obtained by adding ascorbate and gluta- 
mine varied with the age of the laying hens (Fig. 2), This 
dependence on maternal age was observed with five different 
flocks of hens, and when 9- or 10-d-old embryos were used 
instead of 12-d-old hens. It was not influenced by the 
season of the year, indicating that the phenomenon was not 
affected by light-dark cycles nor moderate changes in 
temperature. The chickens were fed on an 18%, protein 
breeder's mash without antibiotics, but with adequate vita- 
min C. 

The livers of embryos from younger hens were also more 
readily dissociated into single cells than the livers of embryos 
from older hens. Not only was a higher yield of cells ob- 
tained after collagenase-hyaluronidase treatment of younger 
hens, but the preparations typically contained 50-80% 
single cells (the remaining cells were in aggregates of 2-20 
cells) whereas livers from the embryos of older hens gave 
only 10-20%, single cells. 

Since the single cells were prepared with collagenase and 
it is well known that ascorbate is involved in the biosyn- 
thesis of collagen‘, it seemed possible that both cell yield 
and response to ascorbate might be related to collagen struc- 
ture. One aspect of the structure that is important for mech- 
anical stability of collagen fibres is the amount of covalent 
intermolecular cross linking. Furthermore, the amount of 
collagen cross linkage is increased with age in many ani- 
mals’, But treatment in vivo with B-aminopropionitrile 
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Fig.2 Effect of maternal age on the stimulation of cell aggrega- 
tion by ascorbate and glutamine. In each experiment about 3 x 10° 
liver cells were incubated in 0.3 ml of balanced salts solution on 
a rotary shaker at 37 °C. After 40 min, the samples were diluted 
with 10 ml of cold balanced salts solution and the number of 
single cells remaining was determined. To some of the vials L- 
ascorbate (0.7 mg ml~') and L-glutamine (27 mM) were added. 
The data presented here were obtained from two different flocks of 
chickens, one started in March (©) and one in August ( A). The 
abscissa indicated the age of the hens (note that efficient egg 
production began at 20 weeks), and the ordinate the percentage 
increase in the number of cells stably bound in aggregates caused 
by the addition of ascorbate and glutamine. The data in Fig. la 
were obtained in March and are indicated by @; the data in Fig. 
lb were obtained in May and are indicated by $ in this figure. 


(which inhibits cross linking"’’) had no effect on the response 
to ascorbate in vitro, suggesting that collagen cross linking 
was not involved in the age-dependent stimulation of aggre- 
gation by ascorbate. 

Although the mechanism underlying the observations 
reported here is unknown, maternal age seems significantly 
to affect the adhesive properties of embryonic cells in vitro. 
If in vitro adhesiveness as measured in these studies reflects 
in vivo histogenesis, the elucidation of the mechanism by 
which maternal age affects cell adhesion may ultimately 
shed light on the relationship between birth defects and 
maternal age. 2 
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Limited proliferation of stem 
cells surviving alkylating agents 


HAYFLICK observed that when human foetal tissue was cul- 
tivated in vitro the cells underwent 50+10 population 
doublings before death'. Whether this phenomenon is a 
property of all diploid cells in culture and is pertinent to cell 
renewal systems in vivo has been the subject of much dis- 
cussion. Haematopoietic failure is rarely the cause of death 
in animal or man, presumably because this cell renewal 
system has a proliferative capacity which is either unlimited 
or, if limited, exceeds the life span of a normal animal. The 
proliferative capacity of the haematopoietic system, if 
restricted, might become exhausted when stressed by the 
prolonged use of cytotoxic agents. In these circumstances, 
significant stem cell division would be necessary to return to 
the steady state, thereby using much of the stem cell pro- 
liferative capacity. We have carried out experiments in mice 
attempting to simulate the clinical use of chemotherapeutic 
agents that might result in exhausting the proliferative 
capacity of haematopoietic stem cells. Two alkylating 
agents, Busulfan and L-phenylalanine (L-Pam) were investi- 
gated. Mice treated with Busulfan and to a lesser extent 
L-Pam demonstrate permanent damage to the proliferative 
capacity of surviving stem cells as measured by serial trans- 
plantation. Such data may have relevance to the use of 
these agents in the clinic where there is great interest in 
such agents to destroy presumed subclinical micrometastases 
in patients expected to have extended survival. 

Using the haematopoietic system of mice, many investi- 
gators have attempted to demonstrate premature senescence 
in vivo. This system is useful because serial transplantation 
of bone marrow can be used as a measure of the prolifera- 
tive capacity of haematopoietic cells. Further, the spleen 
colony-forming unit (CFU)’ facilitates direct measurement 
of a stem cell population. Siminovitch et al.’ demonstrated 
a decline in colony-forming ability of haematopoietic cells 
subjected to serial transplantation into lethally irradiated 
recipient mice. Metcalf and Moore‘ varied the interval 
between passages from 14d to 187d, and in spite of this 
increased interval observed progressive decline in CFUs per 
spleen. In a subsequent experiment, they used 10-d foetal 
liver and compared its transferability with that of marrow 
from both young and old mice. Foetal haematopoietic tissue 
sustained six passage generations, whereas young and old 
marrow cells survived only three such passages, suggesting 
that haematopoietic stem cells may have limited divisional 
capacity with most divisions taking place in the foetal 
period. 

Others** feel that limited proliferative capacity is not a 
characteristic of stem cells. With prolonged intervals 
between passage, the transplanted marrow tends to regain 
normal CFU levels. No method has been used, however, to 
distinguish host from donor CFU. When such determina- 
tions were made, it was found that with increased number 
of passages and long intertransplant time, donor cells 
disappeared and host cells predominated’. 

We used C3H/HeJ male mice treated with Busulfan or 
t-Pam. The choice of Busulfan was based on the report by 
Morley and Blake*® showing that high doses of Busulfan can 
cause aplastic anaemia in surviving mice. The choice of 
t-Pam was based on the current clinical use of this drug 
for two years to treat presumed subclinical micrometastases 
in patients with seemingly localised breast cancer’. We 
suggest that certain drugs given in low doses might cause 
enough stem cell depletion and subsequent division to limit 
the proliferative potential of the haematopoietic stem cell. 
We used serial transfers as a method of increasing the 
number of stem cell divisions and thus elicit defects in the 
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proliferative capacity of the stem cell population that might 
not otherwise become apparent. 

To avoid drug-induced death, drug doses were chosen to 
correspond to half the LDw (ref. 10) (0.18 mg Busulfan and 
0.068 mg L-Pam). These agents were given intraperitonally 
six times at weekly intervals. A control group was main- 
tained in the same conditions as the experimental group 
and received weekly injections of the diluent. Peripheral 
blood counts were carried out weekly on tail vein blood 
samples of the experimental group during the period of 
drug administration and once every 2 weeks thereafter. No 
mouse was bled more than once every 16 weeks. Control 
mice were bled once every 4 weeks. Five weeks after drug 
completion, three mice from the control and experimental 
groups were killed for serial marrow passages into lethally 
irradiated recipients that received a whole body dose of 
1,200 rad in divided doses of 700 and 500 rad separated by 
3h. The transfers were carried out every 5 weeks. One 


CFU 
Hind limb 


Time (d) 


million cells were injected into ten lethally irradiated mice 
at each passage interval, and 14d separated each passage. 
At the time of each passage, marrow cellularity was deter- 
mined, and ten lethally irradiated mice were injected for 
spleen colony determinations as described previously”. 

The effect of Busulfan on the ability to passage marrow 
cells is illustrated in Fig. 1. At 5 weeks after drug 
administration, the Busulfan marrow could be passaged for 
28d. At 10 weeks, passage was only possible for 14d, as 
compared with 42d for controls. These same patterns 
continue at 15 and 20 weeks post-drug. Marrow CFU per 
hindlimb before transfer was normal at 10 weeks, whereas 
at 15 and 20 weeks it had dropped to less than normal 
levels. On the other hand, marrow cellularity in the non- 
passaged state does not fall below normal until 20 weeks 
post-drug. Peripheral blood counts at all these transfer 
times (5-20 weeks post-drug) were normal. 

The effect of L-Pam on the CFU is not as marked (Fig. 




















Fig. 2 Comparison .of transferability of 
normal (©) compared with L-Pam-treated 
marrow (@). Arrow denotes inability to 
passage further due to insufficient cells. 
Dume denotes date of death of last passaged 
mouse. a, 5; b, 10; c, 15 weeks post-drug. 
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2). At all transfer times (5-15 weeks) L-Pam could not be 
passaged longer than 28d, whereas control groups were 
kept in passage for 41 or 42 d. Marrow CFU and cellularity 
before transfer showed no difference compared with normal 
controls. The results are not as dramatic as those for 
Busulfan but are qualitatively similar as regards serial 
transplantation. 

Considerations of seeding efficiency are complex and 
cannot easily explain the findings since with Busulfan the 
number of CFUs markedly decreased with each passage 
compared with control: whereas with L-Pam at 5 and 15 
weeks the number of CFUs is similar to the control, but 
with both drugs there is a difference in serial transfer. 
There was no difference in spleen colony size between 
control and experimental groups at any stage of transfer. 
Detailed microscopic evaluation of the colonies, however, 
was not carried out. 

Our results support the concept of there being limitations 
on the proliferative capacity of normal cells. Although 
limitation of proliferative capacity of the haematopoietic 
stem cell compartment is usually not an important con- 
straint on life span, it may become critical when stressed 
by a prolonged application of, for example, Busulfan. An 
alternative but less likely explanation of these data is that 
the drugs cause the surviving cells to have a longer genera- 
tion time and thus undergo less proliferation during each 
passage. This seems unlikely since the CFU number in the 
L-Pam groups after transfer was not decreased compared 
with control, although their ability to passage was decreased 
(28 compared with 42d). Furthermore, Busulfan-treated 
mice showed a progressive decrease in passage ability (28 d 
at 5 weeks and 14d thereafter), CFUs per hindlimb, and 
bone marrow cellularity per hindlimb. 

Further work is necessary to determine whether marrow 
failure occurs as a result of these demonstrated defects in 
proliferative capacity. Although marrow failure may take 
many months to develop, its occurrence can be expected 
based on the results of Morley’. Experiments using other 
classes of cytotoxic agents" will be carried out to determine 
whether the stem cell can be spared by the use of such 
drugs. In the adult mouse and perhaps in man, the stem 
cells are proliferatively inactive; thus agents affecting only 
cells in cycle may be useful for destruction of micro- 
metastases without causing significant stem-cell depletion. 

We thank M. Ott and H. Grate for assistance. This work 
was supported by grants from the USPHS. 
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Transformation of the B. 
adrenoceptor in normal rat liver 
into a B, type in Zajdela hepatoma 


IN a large variety of tissues, malignant transformation is 
accompanied by changes in the cyclic AMP  system': 
adenylate cyclase may be functionally absent or modified, 
while various quantitative alterations of hormonal membrane 
receptors may also occur’. In liver, although the cyclase 
response to various activators may differ from one type of 
tumour to another’ as well as during the process of carcino- 
genesis itself**, an enhanced response to catecholamines 
is generally observed'*. Here we describe gross modifica- 
tions of the adenylate cyclase system in Zajdela ascites 
hepatoma cell line. Among these modifications is a hitherto 
undescribed qualitative alteration of the adrenoceptor. 
Zajdela hepatoma, which was studied in the present work 
together with normal liver, was originally derived from 
parenchymal liver cells after chronic administration of 
dimethylaminoazobenzene’. It retains certain characteristics 
of the original cell’ and, for example, it can resynthesise 
glycogen in certain culture conditions"; thus it can be justi- 
fiably compared with normal liver™'™™“. The animals used 
in this study were female, albino Wistar rats (~200 g body 
weight). A particulate fraction was prepared from normal 
liver by disruption with a Dounce homogeniser in 5 volumes 
(v/w) of I mM NaHCO,. After two washing steps, which 
were performed by centrifugation at 2,000g for 10 min at 
4 C, the plasma membrane-enriched pellets were resus- 
pended in the same NaHCO, solution (2 ml per g of liver). 
The corresponding fraction from Zajdela hepatoma was 
prepared from 20-50 ml of ascites fluid. Tumour cells were 
freed from contaminating erythrocytes by several washes 
in 0.2% NaCl. They were subsequently lysed in 1 mM 
NaHCO, for 10min at 4°C and the particulate fraction 
prepared as described for normal liver. As shown in Table 1, 
the cyclases from these two preparations had quite different 
activities in the absence as well as in the presence of 
stimulating agents. In the hepatoma, basal activity was ten 
times lower than in normal liver and hormonal responsive- 
ness was altered in many ways. The effect of glucagon was 
detected only when its concentration was higher than | uM, 
which corresponded to a supramaximal concentration in 


Table 1 Adenylate cyclase at of Zajdela hepatoma and normal 
iver 
Adenylate cyclase activity 
(pmol per mg protein per 10 min) 
Normal liver Zajdela hepatoma 
Basal 954+ 4 9.8+0.5 
| adrenaline (50 uM) 1394 6 170 +6 
| Glucagon (1 uM) 1,300 + 30 17.1 +0.6 
| NaF (10 mM) 1,010 | 16 196.444.5 
| GTP (0,1 mM) 198 +25 9.2 +0.4 
| GTP | Adrenaline 340 + 30 162 +5 


Adenylate cyclase activity was measured as described previously'?. 
The assay medium contained 0.5 mM a-**P-ATP (10° c.p.m,), 3 mM 
MgCl., | mM EDTA, | mM cyclic AMP, 50 mM Tris-HCl, pH 7.6, 
an ATP-regenerating system (consisting of 25 mM phosphocreatine 
and creatine phosphokinase (1 mg mi~’) and the enzyme fraction 
(100-200 jig protein per assay) in a final volume of 60 pl. Incubation 
was initiated by the addition of the enzyme preparation and was 
performed for 10 min at 30 C. Reactions were terminated according 
to White'*. Protein was estimated by Lowry's procedure using bovine 
serum albumin as standard, Results are expressed in nmol of cyclic 
AMP formed in 10 min per mg of protein at 30 °C. Data represent 
the means + s.e. of 3 experiments in which each point was assayed 
in triplicate. The mean responses differ from the basal activity with 
P<0.01. It should be noted that the liver cyclase activated by catechol- 
amines was completely inhibited by propranolol, a specific B antagon- 
ist. Addition of a-adrenergic blockers such as phentolamine or 
phenoxybenzamine did not alter the cyclase activity. a agonists such 
as oxymethazoline were completely ineffective (data not shown). 
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Fig. 1 Effect of various catecholamine agonists on cyclase activity. 
The enzyme preparations from normal liver (a) and from Zajdela 
hepatoma (b) were incubated as described in the legend to 
Table | and in the presence of varying concentrations of proto- 
kylol (c`), isoproterenol (@), adrenaline (^) or noradrenaline 
(A). The cyclase activity is expressed as percentage increase over 
the basal level (basal values are respectively 95 +4 and 9.8 +0.5 
pmol cyclic AMP formed in 10 min per mg of protein in normal 
iver and in Zajdela hepatoma). Values represent the mean of 
three determinations; the standard errors are indicated by the 
bars. The apparent Kms determined from this experiment and 
from two others are shown in Table 2. 


normal liver'’. In contrast, addition in vitro of 504M 
adrenaline effected a fifteenfold increase in the basal activity 
as compared to a twofold increase in normal liver. No 
synergistic effect of GTP could be observed in the present 
study (Table 1) although such an effect is a well known 
phenomenon in normal liver’. Guanylyl imidodiphos- 
phate, an analogue of GTP which is not a substrate for 
nucleotidases, was also ineffective, even at high concentra- 
tion (0.1 mM). The relative fluoride response was, however, 
present in Zajdela hepatoma and even enhanced as com- 
pared to normal liver. These phenomena (that is, low basal 
activity. and lack of effect of guanyl nucleotides), are pro- 
bably indicative of marked changes in the catalytic com- 
ponent of the cyclase system. These changes are associated 
with a drastic alteration in the nature of glucagon binding 
or in its efficiency. 


7i 


In view of the unusual character of cyclase stimulation 
by adrenaline in Zajdela hepatoma, its mechanism was 
further studied. The effects of various agonists were tested 
in a dose-response fashion and each experiment was re- 
peated at least three times with different cyclase prepara- 
tions from the normal liver and Zadjela hepatoma. In 
normal liver, the relative order of potency of the various 
agonists tested was the following: protokylol>isoproterenol 
>adrenaline> noradrenaline (Fig. la), This corresponds to 
a typical B: receptor'’’'’"""; we obtained similar results with 
a purified plasma membranes preparation (unpublished 
data). It should be noted that protokylol (an analogue of 
isoproterenol characterised by a more hydrophobic substitu- 
tion on the amino nitrogen), had an apparent Km of 30 nM, 
and is the best B: agonist available in terms of affinity for 
the receptor. Similar results with this compound were re- 
ported previously by Rosen ef al. for the B: receptor of 
frog erythrocytes. In Zajdela hepatoma cells (Fig. 15), the 
order of relative potency of the various agonists was 
quite different: isoproterenol>protokylol>noradrenaline> 
adrenaline; while the affinity of isoproterenol was not modi- 
fied, adrenaline became less potent than noradrenaline and 
protokylol less than isoproterenol, This corresponds to a ĝi 
receptor", The apparent K values for the various agonists 
were calculated in three different experiments and are listed 
in Table 2. The relative potency ratio (apparent Km nor- 
adrenaline/apparent Km adrenaline) was 4.8 for normal liver 
and 0.56 for Zajdela hepatoma. These ratios are similar to 
those reported by Burges and Blackburn for rat lung (B: 
receptor) and rat heart (8, receptor), namely 6.2 and 0.6 
respectively". In addition, we tested the effect of (—)- 
nordefrine, a relatively specific 8, agonist'®. Its apparent Km 
was 5M in normal liver and 1 uM in Zajdela hepatoma. 
These values are similar to those found with noradrenaline 
(4.3 uM and 1.3 aM respectively). To confirm this observa- 
tion, further experiments were performed using specific 
antagonists. Their effect on adenylate cyclase was de- 
termined in the presence of a concentration of isoproterenol 
(1 uM) which resulted in a submaximal response. We used 
butoxamine as a £» inhibitor*® and practolol as a £, in- 
hibitor™. In normal liver, the isoproterenol-stimulated 
cyclase was blocked by 0.1 mM butoxamine, whereas prac- 
tolol, at the same concentration, was completely ineffective. 
In contrast, in Zajdela hepatoma, 10 uM practolol inhibited 
cyclase activity by more than 75%, whereas butoxamine was 
only slightly active at the same concentration. 

It would seem, therefore, that in our system, malignant 
transformation not only provokes quantitative changes in 
the adenylate cyclase system, but is accompanied by a 
unique and hitherto undescribed qualitative change, namely 
the switch of the adrenoceptor from the normal f. type to 
the Bı type. It should be noted that in the ascites hepatoma, 
the cyclase did not respond to unusual or inappropriate 
stimulating agents (for example, ACTH, dopamine, adeno- 
sine, serotonine). It is possible that the two different types 
of receptors coexist in liver and that the shift from a £: toa 
Bı type corresponds to a change in the £;/B, ratio. How- 
ever, we favour the hypothesis that the catecholamine £ 





Table 2 Action of catecholamines on adenylate cyclase activity in normal liver and in Zajdela hepatoma 





i Normal liver Zadjela hepatoma 
Agonist Apparent Km 
Protokylol 0.02 (0.03; 0.015; 0.015) 1.6 (2.5; 1.0; 1.3) 
Isoproterenol 0.18 (0.20; 0.15; 0.20) 0.20 (0.37; 0.13; 0.17) 
Adrenaline 0.9 (0.9; 1.0; 0.8) 2.3 (3.0; 1.6; 2.5) 
Noradrenaline 4.3 (5.0; 5.0; 3.0) 1.3 (1.8; 1.0; 1.2) 

Relative potency 

Protokylol/isoproterenol 0.11 8 
Noradrenaline/adrenaline 4.8 0.56 


The apparent Km is the concentration of agonist required to produce half maximal stimulation of adenylate cyclase. Results are the means 
of values from three experiments which were performed in a manner similar to that shown in Fig. |; individual values are given in parentheses. 
Relative potency refers to the ratio of the apparent Km of protokylol to that of isoproterenol, and of noradrenaline to that of adrenaline. 
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receptor constitutes a single entity susceptible to secondary, 
and possibly to reversible modification towards either type. 
Our results are the first demonstration of such a shift and 
seem consistent with recent data indicating a transformation 
between «æ and £ receptors in certain physiological condi- 
tions”. 
This work was supported by the Institut National de la 
Santé et de la Recherche Médicale, the Délégation Générale 
a la Recherche Scientifique et Technique, and by the 
Fondation pour la Recherche Médicale. 
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Effect of restriction endonucleases on 
infectivity of Rous sarcoma virus DNA 


TRANSFECTION and molecular hybridisation assays show 
that animal cells infected with RNA tumour viruses carry 
DNA copies of the viral genome integrated into their 
chromosomes (for review see ref. 1). The transfection 
assay in particular enables the direct demonstration of 
the biological activity of the viral DNA*™*, Shearing of the 
DNA® and fractionation in sucrose gradients’ provided 
evidence that the virus is specified by DNA pieces of about 
6x 10°. Transfection kinetics’ and transfection probabilities 
at the endpoint dilution of the DNA” show that one DNA 
piece of that size is sufficient to accomplish transfection. 

Excision and extraction of the integrated viral DNA from 
cellular chromosomes requires an enzyme that will digest 
the cellular but not viral DNA. Such a selective digestion 
could be accomplished with restriction endonucleases for 
which there are no cleavage sites in the viral DNA. In this 
report we show that an enzyme from Anabaena variabilis 
(Aval) satisfies these criteria, for it cleaves the DNA of 
cells transformed with Rous sarcoma virus (RSV) without 
abolishing the infectivity of this DNA. 

DNA preparations from chicken cells transformed with 
RSV were used throughout the experiments because their 
high infectivity affords a reproducible transfection assay’. 
One of these DNAs was extracted from a clone (No. 52) 
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Fig. 1 Electrophoretic migration in 1 % Agarose gels of phage A 


DNA-EcoRI digest (A+ EcoRI), nd,tdSR-D DNA (A), and 

nd,tdSR-D DNA-Aval digests (B, C, D). The EcoRI fragments 

of phage 2 DNA were used as molecular weight markers. The 

nd,tdSR-D DNA was either mock-digested for 9h (A), or 

digested with Aval endonuclease for 3h (B), 6h (C), and 9h 

(D). The Joyce-Loebl densitometry tracings of A, B, C, and D 
are shown in a, b, ¢, and d, respectively. 


of cells derived (with all probability) from a single chicken 
embryo fibroblast infected and transformed with a single 
particle of the Schmidt-Ruppin RSV, subgroup D (SR-D) 
The origin of the virus and the cells, the cloning procedure 
and the extraction of the DNA have been described else- 
where". In transfection assays, virtually all of the chicken 
cell cultures which received 5 ug of this DNA gave rise to a 
non-defective (nd) sarcoma virus (ref. 1 and J.H., and M.H., 
submitted for publication). Thus the DNA is named 
ndSR-D DNA. The other DNA used was extracted 
from mass cultures of chicken fibroblasts transformed with 
the same SR-D virus as before. In contrast to the first 
DNA, this preparation gave rise, following transfection, to 
both nd and transformation-defective (rd) viruses* and 
therefore is called nd,tdSR-D DNA. The dose-response 
relationships in transfection assays with these two DNA 
preparations have been described elsewhere’, where it was 
also shown that td viruses arise uniquely from ARSV DNA. 

The restriction endonucleases used in this study are listed 
in Table 1, Each enzyme was assayed by incubation with 
1.5 ug of phage A or SV40 DNA at 37°C. Incubation 
times and references for the incubation conditions with 
different enzymes are given in Table 1. The DNA digests 
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Table 1 Transfection assays with undigested and restriction enzyme digested SR-D DNAs 








Restriction endonuclease, 


time of incubation (h) 


Experiment DNA (ref.) ' Transfection efficiency 
“| . ndSR-D DÑA f ' none 16 $ . 3nd/3* 
s Hindii, 16 (14, 15) 0/3 
_ Hindli, 16 (15, 16) 0/3 
HindII+1, 16 (17) 0/3 
Haelll, 16 (18, 19) 0/3 
pal, 16 (9) 0/3 
: pall, 16 (9) 0/3 
2 nd,tdSR-D DNA none, 2.5 3nd/3 
EcoRI, 2.5 (20) 0/3 
3 f ndSR-D DNA none, 2.5 2nd/3 
Aval, 2.5t Ind/3 
$ Avali, 25y" 0/3 
4 <... ndSR-D DNA Aval, 3+ ind/3 
5 ndSR-D DNA Aval, 3} 2nd]3 
nd,tdSR-D DNA none, 3t 3nd/3 
' nd,tdSR-D DNA Aval, 3} 2nd4 \td/3 
6 nd,tdSR-D DNA none, ot 3nd/3 
f Aval, 3¢ 2nd/3, 
Ayal, 6t f Ind/3 
Aval, ot Ind-+ 1td/3 





Transfection assays were carried out by means of DEAE-dextran (experiment 1) or calcium phosphate (experiments 2 to 6) in conditions 
described in refs 8 and 10. Each culture received 5 ug of undigested or digested DNA. The DNAs were’extracted from SR-D-transformed 
chicken cells and consequently contained both the cellular and viral DNA as described ın the text. EcoRI and Ava enzymes were provided by 
Drs A. Bernardi and G Roizés, respectively The Haemophilus enzymes were purified according to the procedure described in ref. 21. Incubation 
conditions of the DNA with the respective restriction enzymes are given by references in the table. exter 

*Number of transfected (that is, virus producing) cultures per number of DNA-treated cultures The transfected cultures are designed with 
nd or td to indicate that the DNA gave rise to a transforming or non-transforming virus, respectively. Zs 

tK. Murray, S. G. Hughes, J. S Brown, and S. Bruce, submitted for publication. 


were analysed by electrophoresis in 1% Agarose gels and 
he resulting bands. were, located under ultraviolet light 
after staining with ethidium bromide’. 

The DNA (154g) extracted from chicken cells trans- 
formed with SR-D was mixed with appropriate amounts of 
the restriction enzymes and incubated in the condi- 
tions used for the enzyme assays (see also Table 1), and the 
reactions stopped by addition of 0.1 volume of 0.1 M EDTA. 
Then the volume, of the mixture was.adjusted with 0.14 M 
NaCl-0.05 M, Tris-HCl, pH 7.4, or HEPES-buffered saline 
solution ; (NaCl," 80g17*;. KCl, 0.37g17'; NasHPO,.2H.0, 
9.125 g1; dextrose, 0.1 g 1°’; N-2-hydroxyethylpiperazine- 
_N-2-ethane sulphonic acid, 5.0 g 17, pH 7.05) to make 6 ml, 
and the mixture was distributed into .three secondary 
chicken cell cultures-to assay its infectivity by means of 
the DEAE-dextran*® or calcium phosphate’ techniques, res- 
pectively. The cultures were kept growing for about 3 weeks 
(through four to five passages) and examined for the 
occurrence of transformed cells and, in non-transformed 
cultures, by reverse transcriptase assay"' for type C particles 
in the culture medium. 

The results are summarised in Table 1. Of the eight 
restriction endonucleases, seven rendered the DNA non- 
infectious. This suggests that RSV DNA contains cleavage 
sites for the enzymes HindII, HindIII, Haelll, Hpal, 
Apall, EcoRI, and Avall. The alternative view that loss 
of infectivity results from the cleavage of cellular rather 
than viral DNA sequences is improbable because mech- 
anical shearing of the DNA preparations down to the 
average size of 6X10° daltons does not abolish their infec- 
tivity” and unintegrated viral DNA obtained from mouse 
cells early after infection with a murine leukaemia virus is 
infectious” though this DNA presumably lacks cellular 
sequences. 

The case of the eighth enzyme, Aval, was different. The 
electrophoretic analysis (Fig. 1) showed that digestion with 
Aval gave a continuous distribution of fragments in which 
no sharp bands were visible, but with a maximum abund- 
ance of fragments larger than 20x10° daltons (as deter- 
mined from comparison with migration patterns of phage A 


DNA-EcoRI digest“). It is worth adding that the migra- 
tion pattern of the 3-h digest was: essentially the same as 
those of 6-h and 9-h digests (Fig. 1). This indicates that 
virtually all the Ava/ sites of the DNA were cleaved within 
3h òf incubation. In transfection assays (Table 1) the DNA 
cleaved with Aval repeatedly gave rise to the virus though 
with a somewhat lower efficiency than that obtained with 
undigested DNA A priori such:a difference in transfection 
efficiency could be ‘attributed toʻa diminished uptake by 
recipient cells of DNA molecules of smaller size rather than 
to the cleavage of certain, but not all, molecules of viral 
DNA by the Aval restriction enzyme. The possibility of 
incomplete digestion of the DNA’ by the enzyme was 
eliminated ın experiment 6 (Table 1) showing that the DNA 
infectivity resists much longer incubation times than that 
(3 h) sufficient for exhaustive cleavage (Fig. 1). 

Table. 1 also shows that both nd and td viruses were re- 
covered following transfection with nd,tdSR-D DNA that 
had been treated with Aval. This hardly surprising observa- 
tion implies that no Aval cleavage site is formed when 
a td virus DNA is generated from RNA (or less likely 
(ref. 1 and J.H., and M.H, submitted for publication) 
DNA) of the non-defective parent. 

In conclusion the transfection assays show that cleavage 
sites for Hindll, Hindlll, Haelll, Hpal, Hpall, EcoRI, 
and Avall restriction endonucleases occur within SR-D 
DNA In contrast, both nd and td SR-D DNAs lack 
cleavage sites for Aval endonuclease This offers the means 
for isolation of fragments of cellular DNA containing the 
integrated viral DNA and the analysis of cellular DNA 
sequences adjacent to the integrated viral genome. 

The authors thank Dr A: Bernardi for EcoRI, and Dr G 
Roizés for Aval and Avall restriction enzymes. The phage 
Aà DNA was kindly provided by Drs A. Bernardi and P. 
Tiollais. This work was supported in part by the CNRS 
and by the University Paris-Sud. 
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Spontaneous transformation of human skin . 
fibroblasts derived from neoplastic patients 


In the past 15 years a considerable amount of data has 
been published showing that normal human fibroblasts 
have a finite division potential when cultured in vitro’. 
We have described the spontaneous establishment in vitro 
of stromal fibroblasts derived from human lung cancers’, 
but it was difficult to know whether the proliferating fibro- 
blasts were normal stromal cells or tumour cells. Therefore 
we decided to culture the fibroblasts from the skin of 
patients with lung tumours to see whether they had the 
same fate in vitro Here we describe the spontaneous trans- 
formation of skin fibroblasts derived from four neoplastic 
patients. 

Skin biopsies from four cancer patients were obtained 


from the edge of the marginal wounds at the beginning of ° 
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the operation. Three of these patients had lung cancer and 
one had a solitary plasmocytoma of the mediastinum. At 
the time of the biopsy the patients had not been on chemo- 
or radiotherapy Tissue samples were cut into small pieces 
with fine forceps and four to five fragments were placed 
into 30-m! plastic flasks. Each fragment was covered with 
a drop of medium and incubated in 90% air: 10% COs at 
37 °C. After 24h, 5 ml of medium was added to each flask. 
When the fibroblast outgrowth covered the surface of the 
culture vessels, the cells were detached with a trypsin- 
versene solution and transferred into two new flasks (1:2 
split). Cultures were then subcultured routinely with 1:2 
splits when the cells were confluent. The medium used 
throughout was Eagles MEM supplemented with non- 
essential amino acids, 15% foetal calf serum, penicillin 
(100 U mI’) and streptomycin (100 ug mI") Control cul- 
tures from thoracic skin biopsies of sex-matched but not 
age-matched normal donors were initiated and continued 
in the same conditions. 

During the first five subcultures the cells from the 
cancer patients looked like normal fibroblasts disposed in 
orderly arrays. Between the sixth and the ninth passage, 
foci of epithelial-like cells began to appear. The latter pro- 
gressively invaded the cultures, forming a criss-cross 
pattern with multilayering and random orientation. Cyto- 
genetic analysis, performed at different passages (sum- 
marised in Table 1) showed that in, all cultures derived 
from the skin of patients with lung tumours, an abnormal 
chromosome distribution appeared during the early phases 
of culture, contrasting with the near normal distribution 
found in the control skin fibroblasts and in WI-38 cells’. 

The colony-forming capacity in a semi-solid agar medium 
was also checked’. Fibroblasts from normal donors did not 
form colonies The cells from the patients, however, gave 
rise to more than 0.5% colonies. The cultures derived from 
donors with lung tumours were also found to form 
aggregates in the presence of concanavalin A® whereas the 
control cultures did not. From each culture derived from 
the patients it was possible to obtain cells which overcame 
phase III (ref. 1) and bécame established. 

All cultures derived from normal donors went through 
the normal evolution previously reported’? and died after 
serial subculture. Finally we should emphasise that when 
the fibroblasts were derived from skin explants and adapted 
to in vitro culture, and when transformation occurred, our 
laboratory contained no HeLa cells or other cell lines, which 
could have been sources of contamination. 

Our results show that it is possible to obtain spontaneous 
transformation in cultures obtained from the skin biopsies 


' ' 


Table 1 Number of mitoses with different sets of chromosomes found in human fibroblasts cultivated from the skin of normal donors and 


i 


from patients with lung tumours 





Passage* 

Donor Cell culture mitoses 
scored <45 45 46 
Normal SK-TOR XIV/50 I 49 
Donors SK.1 Iv/45 45 
SK. 2 XI1/50 50 
: WI 38 XVI/46 2 6 38 
Patients Falla - 1/50 18 14 16 
TVIT/50 1 
Nico 1/24 5 ! 15 
11/33 3 2 20 
1/21 2 5 12 
+X/50 4 3 

TAM VI/50 
S TVI1/50 1 
Ziani Primary/30 5 4 16 
1/37 8 4 u 
I/50 14 3 25 
+XII/50 l 


No. of chromosomes 


46-50 50/60 60-70 70-80 80-90 90-92 92-100 >100 >200 


2 
27 5 1 2 2 12 1 
2 1 
2 4 2 
I I 
3 31 6 I I 1 
16 23 LI 
9 24 1 I 12 2 
2 2 1 
7 4 3 
2 6 
40 7 1 1 





*Passages at which cytogenetic analysis was made A standard procedure using Colcemid and acetic acid orcein staining was used. 


}Number of passages after transformation has occurred. 
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of patients with lung tumours. Transformation is 
characterised by an abnormal ploidy, a capacity to form 
colonies in a semi-solid agar medium, the formation of foci 
of piling up cells among the monolayers and the acquisition 
of an infinite life span. For the moment it is impossible to 
know if the transformed cells originated from skin fibro- 
blasts or from tumour cells disseminated in the skin of the 
patients. 
We thank Dr Alvaro Macieira-Coelho for critical revision 

of our manuscript. 
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Enumeration of specific cytotoxic T cells 
EFFORTS directed towards the enumeration of effector cells 
involved in the cell-mediated immune response have so 
far met with little success. One of the principal reasons for 
this failure is the current ignorance of relationships between 
killer, lymphokine producer and suppressor T cells, all of 
which have effector functions. To date, attempts at quanti- 
fication have focused principally on cytolytically active 
(killer) T cells largely because in vitro assays using target 
cells labelled with radioisotopes afford sensitive and repro- 
ducible measurement of their function’. 

Two factors have, however, hampered the enumeration 
of the killer cells in cytolytically-active lymphoid cell popula- 
tions: (1) the effector T cell can kill more than one target 
cel’? and (2) the number of effector cells cannot be dis- 
tinguished from their intrinsic lytic efficiency. The latter 
factor is presumably a complex function comprising the 
mobility of effector cells, their avidity for target cells and 
their ability to lyse and disengage from targets. Standard 
assay conditions for in vitro cytotoxicity enable comparisons 
to be made between the lytic activities of different “im- 
mune” lymphoid cell populations, but these comparisons may 
bear little relation to the relative numbers of effector cells 
if there is wide variation in killing efficiency. We describe 
here an experimental approach in which efficiency is maxi- 
mised and the number of cytolytically-active T cells within 
a lymphocyte population is determined by preventing killer 
cells from lysing more than one target. 

The method was based on two findings: (1) Lymphocyte- 
target cell interactions take place in the presence of Mg’*, 





= 
Table 1 Maximising the interaction between effector and target cells 





Target cells Target cells killed (x 1073) 
added (x 1074) 
3h 5h 
25 2.8+0.1 2 8-L02 
50 3 6+0.3 3.8 +0.3 
100 3.7405 3640.4 
200 3 6-40.7 4.0405 





Spleen cells (5 x 10°) from sensitised animals were incubated with 
the indicated number of *Cr-labelled P815 target cells as described 
in Fig. 1. After 1 h at 37 °C, cytochalasin A was added and [0 min 
thereafter Ca®*-contaming medium The number of target cells 
specifically lysed (-+ s e m. for duplicates) was determined 3 and 5h 
after the addition of Ca?+—containing medium to show that maxi- 
mum lysis had occurred. 
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Time after Ca?* addition (h) 


Fig. 1 Spleen and **Cr-labelled tumour cells were washed twice 


in Ca?+-free medium (MEM-suspension, Microbiological 
Ass., containing 5 x 10-5 M EDTA to remove trace amounts 
of Ca?*, and 5% dialysed foetal calf serum) just before use. 
Spleen (50 pl) and target cells (SO pl, 10 x 10%) were added to 
conical-well microtitre plates which were centrifuged for 1 min 
(1,000 r p.m. No. 276 International Centrifuge rotor, 22 °C) and 
incubated for 1 h at 37 °C. Cytochalasin A (50 pl, 30 pg ml-, 
Aldrich; the stock solution, 10 mg ml- in dimethyl! sulphoxide, 
was diluted with Ca®~-free medium before use) was then added, 
followed 10 min later by 100 yl Ca?*-containing medium 
(MEM-Earle’s Salts, Microbiological Ass., containing 5% 
foetal calf serum). The specific release was calculated as follows: 


Experimental c.p m.—control-¢ p m. 


Specific release = (0.8) x (incorporated c.p.m.) 


where 0.8 is the fraction of the incorporated 5'Cr which ts 
releasable by hypotonic lysis. The controls were spleen cells from 
uninjected C57BL/6 mice treated identically to the “immune” 
cells. The control release was 5% per h for all conditions. The 
following numbers of spleen cells were used: A, 2.5 x 10°; 
O,5 x 10°; W, 10 x 105; @, 5 x 105 (no cytochalasin A was 
added); O, 5 x 10° (no Ca?+-containing medium was added). 


but in the absence of Ca’* these lessions do not lead to 
cytolysis‘. (2) Cytochalasin A inhibits cytolysis (irreversibly) 
and does so by interfering with a stage in the lytic cycle 
which precedes the Ca’*-dependent event(s). (It seems likely 
that cytochalasin A inhibits lymphocyte-target cell inter- 
actions, as does its congener cytochalasin B (ref. 5), although 
the validity of this assumption is unnecessary for the 
arguments which follow.) 

Thus, by incubating lymphocytes with target cells in a 
medium containing Mg** but not Ca’*, interactions occur 
which do not lead to lysis. If Ca’* is added to such cultures 
together with cytochalasin A, those target cells which have 
functionally engaged with effector cells during the pre- 
incubation period will go on to lyse. The presence of 
cytochalasin A will, however, prevent any new interactions 
from proceeding to a Ca’*-dependent stage, and thus new 
liaisons formed after the addition of Ca’* will not lead to 
lysis. Assuming each effector cell becomes bound to one 
target cell during the preincubation period, the subsequent 
number of target cells which lyse when Ca?* is added to 
the cultures is equivalent to the number of effector cells 
present. 

Cytolytically active lymphoid cell populations were 
generated by immunising adult C57BL/6 mice (Jackson 
Laboratories) with a mouse mastocytoma (P815-X2) of the 
DBA/2 strain. Ten million P815 cells were given intra- 
peritoneally and the lymphoid cell populations collected 
10-12 d later in a manner previously described in detail*'’. 
The cell-mediated destruction of P815 cells in this system 
has been shown to be exclusively due to T cells’. 

Specific cytolysis was totally inhibited when lymphocytes 
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Table 2 Specific cytolysis as a function of interaction time in 
Ca?*-free medium 





Ca?t-free incubation time before 


% Specific Lysis 
cytochalasin addition (minutes) 3h 5h 


0 00+01 00+01 
30 20 50.1 21 040.2 
60 23.0 +0.2 235401 

120 22 5+0 1 25 0+0 1 


Spleen cells (1 x 10°) from sensitised animals and *Cr-labelled 
P815 target cells (2 x 10*) were mixed in conical-well microtitre 
plates and centrifuged as described in Fig 1 After the incubation 
times indicated cytochalasin A was added and 10 min thereafter 
Ca**-containing medium. The percentage-specific lysis (+ sem 
for duplicates) was determined 3 and 5h after the addition of 
Ca?+-containing medium 


and target cells were incubated in the presence of 3 yg mi~’ 
(6x10 M) cytochalasin A Lymphoid cells preincubated 
for 10min with cytochalasin A and then washed did not 
recover their lytic activity, but target cells treated in an 
identical manner were as susceptible to lysis as untreated 
cells (data not shown). The drug did not increase the rate 
of spontaneous release of “Cr from target cells (5, con- 
firmed in experiments not shown). 

The experimental protocol used to enumerate effector T 
cells is given in detail in Fig 1 (Cytochalasin A was added 
10 min before Ca** to allow a finite time for the drug to 
exert its effect.) No cytolysis occurred when lymphocytes 
were incubated with target cells in a medium containing 
Mg” but not Ca’* (Fig. 1). On the addition of Ca?*, how- 
ever, “Cr release readily occurred (Fig. 1). Two features 
of the target cell destruction following the addition of Ca?* 
should be noted. (1) The number of target cells killed was 
proportional to the number of spleen cells present in the 
culture; (2) a period of about 3h in medium containing 
Ca’* was necessary to allow maximal “Cr release. To 
assure that the drug was effective and that the maximal 
"Cr release had occurred, lysis was determined 3 and 5h 
after the addition of Ca’* in the presence and absence of 
cytochalasin A. 

If, as is our contention, the maximal amount of target 
cell destruction depicted in Fig. ! is equivalent to the 
number of effector cells present in the lymphocyte popula- 
tion, several provisions must hold. First, for a given effector 
cell population, the maximum specific target cell destruc- 
tion after the addition of Ca’* to the cultures, should be 
directly proportional to the number of lymphocytes present. 
The data in Fig. 1 show this to be the case. Second, increas- 
ing the size of the target cell pool, above the minimum 
required to engage all effector cells, should not further 


ee eeeSSSFSMMSSSSFeaeeseeeee 
Table 3 Frequency of specific cytolytic T cells in the spleens of 
allormmunised mice 





Maximum number 


(x 107%) of target cells Frequency of 


Days after lysed per 5 x 10° effector cells 

Experiment tmmunisation viable cells (%) 
I 10 11.0 2:2 
2 10 90 18 
3 10 70 14 
4 10 50 10 
5 10 35 0.7 
6 11 80 16 
7 11 60 1.2 
8 lI 45 0.9 
9 12 4.0 08 
10 12 0 08 


The number of effector cells in each spleen cell suspension was 
determined using the experimental approach given in Table 2 
Three spleens were pooled in each experiment 


maximum number of target cells killed 


F E 
requency 5x 10° spleen cells 
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increase the number of target cells killed. When 5x 10° 
immune spleen cells were incubated with between 5x 10* 
and 20x 10* target cells, the number of target cells killed 
after the addition of Ca’* was constant (Table 1) Third, 
the number of target cells killed should not be increased 
if the incubation period in Ca?*-free medium ts extended 
(that is, a maximal number of interactions had occurred 1n 
the preincubation time chosen). The number of functional 
engagements between lymphocyte and target cell did not 
significantly increase over the period 30 min to 2 h (Table 2), 
in keeping with previous studies?*. 

Since these criteria were fulfilled, the number of target 
cells maximally killed was equated with the number of 
effector cells. This approach was used on several occasions 
to enumerate effector cells in C57BL/6 spleen cell popula- 
tions at the peak of the primary immune response (10-12 
d) after immunisation with P815 cells. Table 3 shows that 
at this time between 0.7 and 2.2% of the total spleen cell 
population was specific anti-P815 T effector cells. 

There are two principal assumptions necessary in order 
for our calculations to be valid. First, all effector cells must 
functionally interact with a target cell during the preincuba- 
tion period (obviously if some effector cells do not engage 
a target cell the number of effector cells calculated will be 
an underestimate), and second, each effector cell must not 
functionally engage more than one target during incubation 
in the Ca**-free medium (or else the calculated value would 
be an overestimate of the effector cell incidence). 

The first of the above assumptions seems warranted, for 
preincubation times between 30-120 min lead to the same 
amount of lysis following the addition of cytochalasin A 
and Ca** (Table 2). Indeed, in another experiment (not 
shown), there was no difference in the subsequent “Cr 
release whether cytochalasin A was added after 5 or 120 
min. In all cases, however, cytochalasin A added at the 
same time as the target cells completely inhibited cytolysis, 
It would thus seem, in keeping with previous observa- 
tions*™", that functional engagements between lymphocyte 
and target cell occur rapidly, and, in the conditions used in 
this study, are complete within 30 min. 

The same arguments would seem to dictate that an 
effector cell does not functionally engage more than one 
target cell during the preincubation period. If that were the 
case, then extending the preincubation period would be 
expected to increase the number of such engagements. In 
fact, as earlier indicated (Table 2), preincubation periods 
between 30 and 120 min showed an identical number of 
functional interactions. It would seem unlikely that an 
effector cell undergoes multiple non-lytic interactions in 
the period 0-30 min but not thereafter, although admittedly 
this remains a faint possibility. It 1s also not likely that each 
effector engages several target cells simultaneously, for if 
this were the case, increasing the size of the target cell pool 
would increase the likelihood of such interactions. As 
Table 2 shows, however, lysis reaches a constant value not 
a constantly increasing one. Furthermore, extensive kinetic 
analysis of target cell death in “'Cr-release killer assays 
provide evidence for “single hit” mechanisms of cytolysis®. 

Two methods of estimating effector cells have been used 
previously. One approach has been to equate the frequency 
of cytolytic T cells with the number of target cells specifi- 
cally lysed in the presence of a great excess of target cells*"”. 
The possibility of the effector cells recycling (that is, that 
one lymphocyte kills more than one target cell) was largely 
ignored in those studies, and it is therefore likely that the 
calculated frequencies were overestimates Indeed, Henney® 
reported the incidence of effector cells in the system re- 
evaluated here as approximately 4% of splenic lympho- 
cytes, a number 2-3 times higher than the incidence 
estimated in the present study. 

The frequency of cytolytically-active cells has also been 
measured by counting those lymphocytes which adhere to 
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target cells**". The critical assumption in this approach 
is that each lymphocyte which binds to a target cell is a 
specific effector cell. This is almost certainly not the case; 
indeed, both precursor” and memory cells’? have been 
shown to have affinity for homologous allogeneic cells, but 
neither of these T-cell populations are cytolytic’? ’"*. The 
contribution of non-cytotoxic lymphocytes to the overall 
frequency of target-binding cells remains to be eStablished. 

We have thus described a novel method for calculating 
the incidence of specific cytolytically active T cells. The 
procedure used here measures only killer T cells and 
obviates the deficiencies of previous approaches to this 
problem by ‘preventing the effector cell from ‘recycling’. 
Obviously the enumeration of cytolytically-active T cells 
provides only a partial quantification of the overall cell- 
mediated immune response. The quantitative relationship 
between this T-cell compartment and those producing 
lymphokines, memory and regulator cells remains to be 
evaluated. 
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Enhancement of delayed hypersensitivity 

by depletion of suppressor T cells 

with cyclophosphamide in mice 

Tue delayed hypersensitivity (DH) reaction seems to 
be enhanced by treatment with cyclophosphamide and 


this has been discussed in the context of depression 
of antibody production’. Askenase ef al, however, 


717 


reported that low doses of cyclophosphamide augmented 
the reaction to sheep erythrocytes without affecting 
antibody production. Polak and Turk® suggested that 
cyclophosphamide could break down immunological toler- 
ance to the dinitrophenyl group, as measured by a skin 
reaction in guinea pigs after treatment with the drug to 
inhibit suppressor cells. The nature of the suppressing cells 
was not clear at the time. We report here that treatment of 
mice with cyclophosphamide also significantly affects DH 
reaction to methylated human serum albumin (MHSA)’ 
which induces little antibody production, and that the en- 
hanced DH reaction is caused by damage to T rather than 
B cells. Independent recovery, from the damage due to 
cyclophosphamide, by individual subpopulations of T cells 
accounts for the kinetics of this phenomenon. 


a 
Table 2 Suppressive effect of transferred lymphoid cells on enhanced 
DH to MHSA in mice treated with cyclophosphamide 





Cyclophosphamide No. of 
treatment Cells transferred animals DH on day 12 
150 mg kg None 3 10.7+1.9 
150 mg kg™ 510" Spleen cells 4 9.3+41.5 
150 mg kg 2x10’ Thymus cells 4 6.342.5 
None None 4 5,341.8 


Male C57BL/6 mice (age 4 months) were given an intraperitoneal 
injection of cyclophosphamide (1 50 mg kg~) 4 d before sensitisation, 
and an intravenous transfe: of spleen or thymus cells 2 d later. 


Male C57BL/6 and (C57BL/6 x CBA)Fi mice aged 4 or 
6 months were used : they seem to be high DH responders’. 
Animals were sensitised by an injection, into the left foot- 
pad, of an emulsion (0.05 ml) consisting of equal amounts 
of MHSA solution (5 mg ml” in saline) and Freund’s com- 
plete adjuvant (3 mg of dead HaRy tubercle bacilli per ml). 
A challenge injection of 0.02 ml of MHSA solution 
(1 mg ml”) was given into the right footpad on day 12 of 
sensitisation, as the optimal DH response was obtained by 
this method. Swelling of the right footpad was measured 
both immediately before and 24h after the challenge, and 
the difference between two measurements in a thickness of 
0.1mm was used to describe the intensity of the DH 
response’. Mice received an intraperitoneal injection of 
cyclophosphamide (given by Shionogi Co., Osaka, 15 or 
150mg per kg body weight) at intervals before or after 
sensitisation, as indicated in Tables 1-3. Spleens and 
thymuses were removed from normal syngeneic male mice 
and the cells from them were suspended in and washed 
three times with RPMI-1640 medium. Appropriate numbers 
of these cells were transferred into the retro-ocular plexus 
of the cyclophosphamide-treated mice. 

Table 1 shows the effects of cyclophosphamide on the 
DH response to MHSA when the drug was given 8d or 1d 
before sensitisation. There was marked enhancement of DH 
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Table 1 Effect of cyclophosphamide on DH to MHSA in mice 





Cyclophosphamide Interval between No. of Thymus 
treatment treatment and sensitisation animals DH on day 12* weight (mg) 
None — 4 5.34-1.8 294-4 
150 mg kg 1 5 16.4+1.2 23+6 [14]ft 
8 5 17.0 6.3 38+6 [21}t 
15 mg kg“ 1 5 T5415 3549 [14]t 
8 5 9.0+-4.2 35+4 [21] 


Male C57BL/6 mice (age 4 months) were given an intraperitoneal injection of cyclophosphamide (15 or 150 mg kg~) at various intervals 


before sensitisation. 
*Each value represents mean + s.e. (0.1 mm). 


+Interval between treatment with cyclophosphamide and measurement. 
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Table 3 Effect of cyclophosphamide on effector cells in DH to MHSA in mice 





Cyclophosphamide Interval between No. of Thymus 
treatment sensitisation and treatment animals DH on day 12 weight (mg) 
None — 3 15.2+:2.9 3248 
150 mg kg™! i 4 4 2.8+0.9 1442 [9]* 
9 4 1.0-£0 4 1442 [4]* 





Male (C57BL/6 x CBA)F, mice (age 6 months) were given an intraperitoneal injection of cyclophosphamide (150 mg kg™') 4 or 9 d after 


sensitisation. 


*Interval between treatment with cyclophosphamide and measurement 


response in animals treated with the large dose. Table 2 
shows that transfer of 210’ thymus cells from untreated 
mice almost eliminated the DH enhancing effect. Trans- 
plantation of 5X10’ normal spleen cells did not influence 
the enhanced DH significantly. These observations suggest 
that the DH to MHSA in mice is enhanced because cyclo- 
phosphamide damages suppressive T cells in the immune 
regulatory systems. 

Table 3 shows that administration of cyclophosphamide 
after sensitisation suppresses the DH response. A minimal 
response appeared only in the group treated with cyclo- 
phosphamide on day 4 after sensitisation. These results 
indicate that effector T cells which are responsible for DH 
are also sensitive to cyclophosphamide There have been 
several reports of the inhibitory effect of the drug on DH 
responses’, and Kerckhaert ef al.” demonstrated the 
sensitivity of effector T cells. In experiments not described 
in Tables 1-3 we observed that previous treatment of mice 
with cyclophosphamide was not necessary for DH enhance- 
ment, and that treatment after sensitisation (such as in 
Table 3) could enhance DH only if the interval between 
treatment and challenge injection was sufficiently long, for 
example 12d. We further observed that when the interval 
was just 9d, DH was neither suppressed nor enhanced. This 
result together with our previous finding” that significant 
DH to MHSA was obtained as early as 4d after sensitis- 
ation, suggest that the effector T cells, once affected by 
cyclophosphamide, recover sufficiently to generate signifi- 
cant DH response after about 5d. This seems to be con- 
sistent with previous observations’?’’. The 13-d or 20-d 
interval between treatment with cyclophosphamide , and 
challenge injection (Table 1) might be long enough for the 
effector cells recovering from the damage to be sensitised 
with the antigen retained at the site of injection This may 
explain the apparent resistance of effector T cells to cyclo- 
phosphamide in this and some previous experiments®. 

Thymus weight did not recover significantly until 9 d after 
treatment (Table 3), and then recovered considerably on 
day 14 and rebounded on day 21 (150mgkg™, Table 1). 
Recovered lymphoid cells were histologically detectable in 
the cortex on day 9 after treatment, but were hardly 
detectable on day 4. This seems to be consistent with other 
observations'"”’, and probably supports’ the suggested 
recovery of effector T cells. But the sites recovering cells 
remain unknown. 

The recovery of suppressor T cells is probably delayed 
more than that of effector cells, and seems to be within 4 
weeks (unpublished observations). In previous experiments™ 
concerned with suppressor T cells, we found that thymus 
cells transferred into old recipients, which showed a 
maximal DH response, suppressed the development of DH 
to MHSA When transfer was into young recipients who 
developed moderate DH to MHSA, suppression of DH was 
not observed. Studies on the influence of whole-body 
irradiation® or adult thymectomy” confirmed this, and 
suppressor T cells seemed to be in the category of short 
lived T cells Because of a greater delay in recovery of 


suppressor T cells than “of effector .T cells after cyclo- 
phosphamide-induced damage, the regulatory activity of the 
suppressors on the effectors could be minimised, resulting 
ın an increased DH response. 

Cyclophosphamide has generally been considered to have 
a selective suppressive effect on the B-cell functions in some 
circumstances. This 1s supported by various phenomena 
including suppression of antibody production’, proportional 
decrease in non-6-bearing lymphocytes" and cell depletion 
in the’ non-thymus-dependent areas of lymphoid tissue’*’’, 
and so on™. Suppression of antibody production is often 
accompanied by an increase in DH response. This may 
indicate regulation of DH by antibodies?”* 

In contrast, we conclude that T cells as well as B cells 
are remarkably sensitive to cyclophosphamide and there- 
fore both DH and antibody production are defective 
immediately after treatment. Time for recovery from the 
damage: is different between T cell subpopulations, that is, 
long-lived effector cells, and short-lived suppressor or 
regulatory cells The former seem to recover more promptly 
than the latter. We suggest that this causes enhanced DH 
to MHSA in mice treated with cyclophosphamide. But the 
possibility remains that the suppression of DH by cyclo- 
phosphamide after sensitisation is due, at least in part, to 
damage to bone marrow-derived monocytes rather than, or 
in addition to, that of sensitised effector T cells. 

We thank Professors K. Yasuhira and T. Teramatsu for 
advice. 
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Is the world getting naughtier? 


CONSIDER the following statements: 


Military expenditure by Persian Gulf states has risen fivefold in 
real terms between 1971 and 1975 


In the past 25 years more than 13,000 tanks have been delivered 
to Middle Eastern countries 


By the year 1980 the world will be producing 80,000 kilograms 
of plutonium annually (8 kilograms is enough to make one 
nuclear weapon). 


The People’s Republic of China now seems.-to be launching 
satellites for military reconnaissance purposes. 


About 125,000 scientists and engineers in the United States work 
on military research and development. 


‘ 


They are just a few of the pieces of information that 
make up the as-ever impressive compilation of military 


statistics put out by the Stockholm International Peace - 


Research Institute (SIPRI) in its annual yearbook 
World Armaments and Disarmament (MIT Press and 
Almqvist & Wiksell; SKr 106). For nearly 10 years now 
the world has been in SIPRI’s debt for providing an 
endless stream of hard and almost-hard facts on military 
matters all around the world. It is, of course, difficult 
to judge what impact this impartial reporting has had 
on public opinion and political’ thinking (particularly 
difficult in the United Kingdom where government is 
distinctly exclusive and as a consequence public opinion 
is poorly developed on all defence matters). But the 
global impact has not been negligible and we must hope 
that the Swedish government never loses its resolve to 
continue to support SIPRI. 

That said, it must be noted that the character of 
SIPRI, at least as seen through its yearbook, continues 
to change (as we have reported on a couple of occasions 
previously). More and more are personal opinions being 
expressed in the commentaries. Words like “bonanza”, 
“enormity”, “seemingly endless”, ‘frightening pros- 
pect” and so on crop up increasingly often. The world 
as seen by SIPRI seems to be getting continually more 
naughty and fractious. Of course, there are ~ good 
grounds for showing concern, particularly at the way 
in which the Third World is picking up military 
momentum. But there are three reasons why we believe 
that SIPRI should steer clear of expressing views. 

First, if it can’t be detached and neutral, no-one else 
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can. There are plenty of committed institutions around 
the world—committed to the environment, world 
government, disarmament and so on. SIPRI’s strength 
has always been its detachment; others might use its 
figures in any way they choose but it would simply 
report. Although there is much populist appeal in the 
path it now seems to be treading, one suspects there is 
less respect from the hard-headed in the armament and 
disarmament community. 

Second, although there is really no suggestion at all 
that SIPRI’s figures are influenced by its views, there 
is a risk that the sort of things it will pay attention to 
could be so affected. Various forms of environmental 
warfare are discussed in the yearbook, for instance. For 
example, it is suggested that the ionosphere—Earth wave 
guide could be used to generate very low frequency 
electromagnetic fields to couple into people’s alpha 
rhythms. “If methods could be devised to produce 
greater field strengths either by natural (for 
example, lightning) or artificial means, then it may 
become hypothetically possible to impair the per- 
formance of a large group of people in selected regions 
over extended periods.” Now this is the idlest of coffee- 
table musing with, at first sight, the severest of physical 
objections to be laid against it. Is it right that SIPRI, 
in its yearbook, should be mixing such vague ideas with 
its strong brew of hard facts? 

Third, the news is not always as bad as SIPRI makes 
out. “The arms race between the two great powers 
continued unabated”, says SIPRI. But in real terms, 
military expenditure in the Soviet Union has held 
roughly constant since 1968 and in the United States 
has declined in the same period by more than a quarter 
(aided, of’ course, by the withdrawal from Vietnam). 
The world total of annual military expenditures (which 
includes burgeoning Middle East figures) has remained 
on a plateau of 210,000 million US dollars (at 1970 
prices) for seven years now, and as a percentage ‘of 
gross domestic product has accordingly declined 
steadily. It goes without saying that this is a frightening 
sum of money, but with growing complexity and thus 
cost of armaments, constant expenditure means less 
commitment. SIPRI’s own figures seem open to more 
optimistic interpretations 
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Towards an environmental ethic 





How should decisions concerning the environment be made? Eric Ashby, 
examining recent work on the subject, offers his view 





IN 1961 there was published in Wash- 
ington a report under the modest title 
House Document 522. It ran to eleven 
volumes. It was prepared by the 
American Army Corps of Engineers. 
Its theme was a Comprehensive Survey 
of the Water Resources of the Dela- 
ware Basin. The report recommended 
that a dam should be built on the 
Delaware River at a place called Tocks 
Tsland in New Jersey. The dam would 
create a lake about 37 miles long. The 
estimated cost (when it was reviewed 
at 1975 prices) was about $400 millions. 

House Document 522 includes a 
massive exercise in cost-benefit analysis. 
The recommendation to build a dam 
rested on four arguments: to diminish 
the danger of floods downstream; to pro- 
vide a water reserve in case of drought; 
to run a hydro-electric power plant; 
and to create a recreation area of 
72,000 acres which would attract 
(according to the first estimate) as 
many as 9 million visitors a year. These 
potential visitors were regarded as a 
substantial “‘benefit” in the cost-benefit 
analysis, on the assumption that they 
would be worth $1.35 per person per 
recreation day. 

Of course the proposal generated 
massive opposition. Some of the quanti- 
fied values were challenged, but the 
most powerful arguments against the 
proposal rested on unquantified values : 
desecration of the last free flowing river 
in the east of the USA; acres of wilder- 
ness alienated for roads and parking 
lots and motels; the plea that this 
beautiful part of the river should be 
treated as an endangered species. Tt is a 
debate familiar to us in Britain. We 
had something like it over the Cow 
Green reservoir in Upper Teesdale fn 
the 1960s. 

The dam is not yet built, nor at 
present is it likely to be built. But the 
fifteen-year-long controversy over it has 
produced one admirable and important 
second order consequence. It prompted 
the American Academy of Arts and 
Sciences to sponsor a study of the 
problems of decision-making about the 
environment. The prime problem is 
how to incorporate what the study 
calls “fragile” values into the “hard” 





*Tribe, L H , Schelling, C. S , and Voss, J 
(Eds) When Values Conflict (Ballinger, 
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values which can reasonably be quanti- 
fied. For over four years a group in- 
cluding lawyers, scientists and philoso- 
phers have reflected on this issue. Their 
conclusions are now issued in a book* 
which ıs, T believe, the first serious and 
authoritative work on the philosophy 
of environmental protection. Its start- 
ing point is the Tocks Island con- 
troversy, which is going to be treated 
intensively in a second volume to be 
added to this study* But the reflections 


go far beyond that specific episode. In’ 


essays, all of which are careful and one 
or two of which are brilliant, the nine 
authors set out their attitudes to the 
conflict of values which is the in- 
evitable dilemma facing those who have 
to make decisions about the exploita- 
tion of the environment by man. 


The impressive feature of the book ' 


is that it does not reach a consensus; it 
does not offer formulae for decision- 
makers. Its authors have the courage 
to declare that there is no simple 
resolution to the question: how do you 
reconcile the protection of nature with 
the needs of industrial man? It 
eschews slick and glossy utopias. It was 
J. S. Mill who wrote that the test of 
good government is the degree to which 
it increases the sum of good qualities in 
the governed. All the authors agree 
that there are values about the environ- 
ment which are “good” and values 
which are “bad”. But, as Robert 
Dorfman writes in the last essay, “I do 
not believe that those questions can be 
answered definitely, now or ever; but 
neither can they be ignored. The pro- 
gress that I see in our project is that it 


points the way to living honestly with, 


these forever open questions”. 

In Britain those who make decisions 
about the environment are no longer 
philistines. The main difficulty about 
“soft” or ‘fragile’ values is not that 
they are neglected in the decision- 
making process; it is, as Harvey Brooks 
writes, “‘bringing them into a common 
intellectual framework with the rest of 
the analysis” for the purpose of 
political decisions, where ‘‘hard” 
quantified data based on cost-benefit 
analysis is likely to be more easily 
accepted. One of the redeeming features 
of the consumer society which has to 
be put in the balance against its many 
ugly features is that ‘fragile’? values 
do play’an increasingly important part 
in political decisions about the environ- 
ment. In the files of the Department 
of the Environment there are many 
examples of planning permissions being 
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refused because unquantified values 
were deemed to carry greater weight 
than quantified ones 

This is encouraging, but it does not 
dispose of the difficulties which arise 
when there is a conflict of values, a 
clash of “goods”? and the necessity to 
make a choice between them. The 
American Academy has put us all in 
its debt by facing these difficulties head 
on, in the book the Academy has 
sponsored. Among the issues discussed 
in the book, two seem to me to be 
particularly important. 


9 Values can be compared more easily 
if they can all be expressed in the same 
units. Does this justify the attachment 
of a money-tag to all values, even 
though this means what economists call 
“shadow pricing’ (for example, the 
“value” of a view of the South Downs 
is the extra cost of not defacing the 
view if a road or a line of electric 
pylons has to be built in the neighbour- 
hood)? Or are the values themselves 
distorted as soon as you try to put a 
money-tag on them? 


© Is it possible to declare certain clear 
ends or goals in environmental policy, 
and to accept these ends as “given”- 
“axiom values”, as it were—so that all 
decisions about the environment be- 
come means toward unalterable values 
which are the ends? 


In a closely argued and subtle essay, 
Laurence Tribe tackles both these 
issues He dismisses one common 
criticism of cost-benefit analysis of 
environmental problems: the criticism 
that to quantify “fragile” values (a 
view, a rare plant community, a river 
in its natural state) is illogical. All such 
concerns “can in theory be in- 
corporated into a rigorous analysis...” 
The danger of incorporating them, of 
putting price tags on elusive externali- 
ties, is more subtle. It is twofold. First, 
it flattens any sense of obligation 
toward natural objects into an aspect 
of self interest (“What is its money 
value to me?”). Second, it exerts “an 
enormous reductionist pressure on all 
values that would otherwise seem in- 
commensurable with a calculus of 
human wants.” In other words, the 
very translation of the values into 


.manageable units may deprive them of 


their significance. Tribe’s essay, and 
others in the book, particularly the 
essay by Harvey Brooks, are a great 
encouragement to the decision-maker 
when he is presented with a tidy and 
misleadingly comprehensive assessment 
of some project which will have an 
impact on the environment, neatly 
distilled into cost-benefit equations 
The decisions he has to make, writes 
Harvey Brooks, “are fundamentally 


Nature Vol. 262 July 8 1976 


political in the sense that they ulti- 
mately involve competing or conflicting 
values, and therefore cannot be resolved 
by purely ‘rational’ (that is, empirical 
and logical-deductive) means.” 

If this view is accepted, there re- 
mains the problem of how values are to 
be incorporated into analysis if they 
cannot be quantified, or related to self 
interest. To the question “Does nature 
embody values apart from its usefulness 
in serving man’s desires?”, the answer 
seems to be, ‘‘ Yes, but we are not clear, 
and cannot expect ever to be clear, 
what these values are.” So Laurence 
Tribe proposes a fresh attitude to this 
issue. He concedes that most people 
are very vague about the values they 
hold on environmental matters and that 
“such inchoate values are crystallised 
into distinct preferences or criteria of 
choice only through the concrete pro- 
cess of seeking means to attain them 
and gradually discovering what such 
means entail.” In other words, values 
evolve through the choices made in 
groping toward them, and it is an 
esseritial aspect of freedom that we can 
choose what we shall value. 

The direction in which this argument 
leads is as follows. First, there are no 


sanctified principles upon which en-' 


vironmental decisions rest, no “axiom 
values”; but all decisions are rational- 
ised in some provisionally held prin- 
ciples, and these provisionally held 
principles evolve in the light of the 
choices which are made and the 
observed consequences of these choices. 
(Consider, for instance, how our values 
about pesticides have evolved through 
experience of making decisions about 
the use of pesticides.) Second, the direc- 
tion in which principles evolve in our 
attitude toward the environment is 
taking us beyond the crude criterion 
of self interest—witness the recent 
legislation in Britain to protect some 
species of wild animals and plants, so 
rare that not one in a hundred of the 
legislators is likely ever to have seen 
any of them! It is this sort of argu- 
ment which leads Laurence Tribe to 


Suggest that social values about en- 
vironmental issues progress in a spiral 
(their direction depending upon their 
position in the spiral; a framework for 
choice, as he calls it, which “must 
incorporate procedures for its own 
evolution.””) And as a starting point on 
the spiral, Tribe suggests that we 
“should avoid a premise of human 
domination—or indeed a premise of the 
total subservience of any form of being 
to any other.” 

A feeling of obligation toward organ- 
isms other than man and a responsi- 
bility for protecting natural objects— 
valleys, forests, wildernesses—is of 
course no novelty among individuals. 
It'is the codification of this obligation 
or responsibility which is novel. Nearly 
ten years ago, for instance, there was a 
planning enquiry into the effect which 
a North Sea Gas terminal would have 
on an area of natural beauty on the 
Norfolk coast It was the Minister of 
Housing and Local Government who 
had to decide whether the area of 
natural beauty would be damaged by 
the siting of the gas terminal. In a 
word, he had to act as the “guardian” 
of the area of natural beauty. This 
attitude to a natural object prompts 
one to ask whether natura! objects, 
trees and woodlands, creatures other 
than man, should have “rights”. At 
first sight this seems to be a sentimental 
and mystical attitude to nature But 
that is not the view of some hard- 
headed practical lawyers. In 1972 an 
article by a professor of law in Cali- 
fornia, Christopher Stone, examined 
the singular thesis’ Should Trees have 
Standing? The article has since been 
published as a book, together with 
judgement from the Supreme Court on 
the legal case which prompted Stone’s 
articlet. 

The circumstances which brought the 
action to the Supreme Court were 
these. The United States Forest Ser- 
vice had granted a permit to Walt 
Disney Enterprises Inc to ‘‘develop” 
Mineral King Valley in the Sierra 
Nevada mountains. The decision was 


The attack on tropical disease 


Alex Dorozynski looks at the World Health Organisation’s 
efforts to relieve man of one of his major burdens 


| spite of recent expressions of con- 

cern about the new economic order, 
interdependence of nations, and co- 
operation, there is one area of enor- 
mous importance to the developing 
world that has largely been ignored 
that of tropical diseases They affect 
several hundred million people, repre- 
sent a permanent human burden, and 
a major obstacle to development. 
Tropical disease research has hardly 


benefited from the explosion of know- 
ledge in bio-medical sciences that has 
taken place in the developed world. 

In fact, some of the tropical diseases 
are now recrudescent, because parasites 
have become resistant to drugs and 
vectors to insecticides, because agri- 
cultural development sometimes con- 
tributes to the creation of conditions 
required for a disease to become en- 
demic, and because international aid 
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challenged by the Sierra Club, which 
acīs vigorously to defend natural 
objects in America. The Sierra Club 
lost its case for a reason which would 
apply to an analogous case if it were to 
be brought to the courts in Britain, 
namely because the Club had no 
sufficient “‘personal stake in the out- 
come of the controversy.” But three 
members of the Supreme Court dis- 
sented from this decision, and one of 
the dissenting judgements, by Mr 
Justice Douglas, drew its inspiration 
from Stone’s article in the California 
Law Review. He said’ “The critical 
question of ‘standing’ would be simpli- 
fied . if we fashioned a federal rule 
that allowed environmental issues to 
be litigated before federal agencies or 
federal courts in the name of the 
inanimate object about to be despoiled 

Contemporary public concern for 
protecting nature’s ecological equili- 
brium should lead to the conferral of 
standing upon environmental objects to 
sue for their own preservation.” 

In his lively essay, Stone examines 
the way rights in law have been con- 
ferred upon children (who have not 
always had rights in law), women, sub- 
ject peoples formerly enslaved, and so 
on. He then reminds us that the “world 
of the lawyer is peopled with inanimate 
right-holders trusts, corporations, 
joint ventures, municipalities . . .” So 
there is nothing unreasonable about 
putting natural objects, as the law puts 
other non-human things, into the 
category where their interests can be 
defended in courts by properly recog- 
nised guardians. Of course, before the 
principle could be adopted, many sub- 
sidiary questions (such as: Who should 
be the guardians?) would have to be 
settled But the idea is worth serious 
reflection for it would be one more 
step in the evolution of an environ- 
mental ethic which does not rest on 
the assumption that nature is made for 
man. go 


Stone, C. D., Should Trees have Stand- 
ing? (Kaufmann, Los Altos, California, 
1974). 





toward the control of tropical diseases 
has shrunk in the face of increasing 
costs. In the past year, the World 
Health Organisation (WHO) has been 
mounting a new attack on these 
diseases. The approach is novel, and 
the outlook promising, although one 
major element of uncertainty still, 
remains: will there be enough money 
to carry out this long term programme? 

The global annual investment in 
tropical disease research is estimated 
by the WHO at about $30 million, 
which is a mere pittance of money in 
comparison to huge budgets devoted to 
other areas of bio-medical research. 
Adyances in treatment and control of 
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tropical diseases have been painstak- 
ingly slow, in spite of the fact that 
most of the causative agents are rela- 
tively simple parasites belonging to the 
lowest orders, protozoa or worms, that 
in most cases are completely incapable 
of independent life and rely for sur- 
vival on the highly specialised environ- 
ment provided by two or three or 
sometimes more successive hosts. 

“According to the law that viability 
is inversely proportional to the strin- 
gency of ecological requirements,” 
says Professor Christian de Duve, “the 
pathogenic parasites certainly occupy 
the bottom of the scale. They are puny 
enemies indeed.” He is the director of 
the International Institute of Cellular 
and Molecular Pathology, Brussels, and 
a member of Rockefeller University, 
New York. A consultant of the WHO 
in the new “Programme of Research 
and Training in Tropical Diseases”, he 
is one of the scientists who has sug- 
gested a new approach to tropical 
diseases research in which the basic 
biology of the parasite becomes the 
prime target. 


The diseases 

Six diseases have been selected as the 
initial targets of the WHO’s Special 
Programme: malaria, schistosomiasis, 
trypanosomiasis, filariasis, leprosy, and 
leishmaniasis. 
@ Malaria is one of the most wide- 
spread diseases in the world, affecting 
some 200 million people. In Africa, 
about one-fourth of all adults suffer 
from malarial fever at one time or 
another, and at least one million 
children die of the diseases every year. 
In several areas of Asia and South 
America, Plasmodium falciparum (one 
of the four human malaria parasites, 
responsible for the severest forms of 
the diseases), has developed resistance 
to 4-aminoquinolines, major | anti- 
malarial drugs. In Asia resistant strains 
have progressed westward to reach the 
Indo-Pakistani subcontinent, and they 
represent a great threat to Africa, 
where P. falciparum is the main 
malaria parasite. 

In addition, mosquitoes have de- 
veloped resistance to some insecticides 
and, as a result of increased costs and 
reduced international assistance pro- 
grammes, many countries cannot afford 
to carry out intensive anti-malarial 
campaigns, 

India is an example. The number of 


cases there of malaria had been reduced ` 


to a low of 60,000 in 1962, but last year 
it exceeded four million (a 70-fold 
increase). In Africa, there appears to 
be no hope of malaria control in the 
near future. Dr Adetokunbo O. Lucas, 
former president of the Nigerian 
Medical Research Council, who in 
April become the director of the WHO 
Special Programme, points out that 


several intensive pilot projects have 
shown that infection is so deeply en- 
trenched in the environment that spray- 
ing of insecticides and drug distribution 
are not sufficient to interrupt trans- 
mission. 

In some parts of the world, malaria 
has inadvertently been promoted by 
irrigation. A typical example is that of 
the Gezira, the region between the 
White Nile and the Blue Nile south of 
Khartoum. Irrigation had turned the 
Gezira into the most densely popu- 
lated and most prosperous agricultural 
region of Sudan, and the periodical 
drying out of peripheral irrigation 
ditches, possible when the area was 
almost exclusively planted to cotton, 
had to be abandoned when other crops 
(notably, rice) were introduced. In 
1950, an outbreak of malaria affected 
more than half of the total labour 
force, and since then malaria has been 
endemic. A major effort is now under 
way to keep the diseases under control. 
® Schistosomiasis, caused by trema- 
todes (or fluke worms) also affects 
about 200 million people. Free-swim- 
ming larvae (or cercariae) penetrate 
through the skin of a person entering 
the water, migrate to the liver where 
they mature into adult worms that 
settle inside blood vessels and go on 
laying eggs for several years. Infected 
people may become emaciated, with 
an enlarged spleen and bloated ab- 
domen, and many develop cancer. It 
is possible to treat individual cases with 
injections of antimonials and other 
compounds, but most of these can 
cause severe side effects. There is no 
adequate method for mass treatment. 

Schistosomiasis is often associated 

with rural development. Thus the in- 
cidence of the disease has been increas- 
ing in Egypt and Sudan since- the 
creation of Lake Nasser, and in Ghana 
since the construction of the Ako- 
sombo, Dam on Lake Volta. In 
Northern Nigeria there has been a 
three-fold increase in three years 
around the lake created by the Kainji 
dam, and even in the semi-arid Arabian 
Peninsula irrigation has introduced 
schistosomiasis to regions where it did 
not previously exist. 
@ Filariasis affects about 300 million 
people. The two major filarial parasites, 
Wucheria bancrofti and Brugia malayi, 
transmitted by mosquitos, infect about 
250 million people (mainly in Africa, 
the Indian subcontinent, South-East 
Asia, the Philippines, China, and the 
Pacific Islands). They cause elephant- 
iasis of the legs, arms and genitals, by 
obstructing the flow of lymph. 

One form of filariasis is oncho- 
cerciasis (or river blindness), caused by 
Onchocerca volvulus, transmitted by 
Simulium damnosum—the blackfly. In 
the upper basin of the Volta river, 


more than a million people are in-` 
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fected and thousands are blind. A 
costly control programme has been ` 
initiated in seven of the most affected 
countries; it involves the spraying from 
helicopters of the often inaccessible 
fast-flowing streams where the black- 
flies hatch, and the treatment of in- 
fected persons, but there is a need for 
better drugs, with less side effects and 
more effective against adult worms. 

@ Trypanosomiasis affects some 10 
million people. The African form of 
the disease, sleeping sickness, is en- 
demic over about 10 million square 
kilometres of land, much of it fertile 
but abandoned to the tsetse fly, vector 
of the disease. (It is estimated that this 
land could provide for a cattle popula- 
tion of 125 million.) The South Ameri- 
can form of trypanosomiasis is Chagas’ 
disease, ‘incurable and fatal (it destroys 
the heart). 

®@ Leprosy, one of the most perplexing 
infectious diseases, also affects at least 
10 million people. Although Hansen’s 
bacillus, or Mycobacterium leprae, 
was described more than a hundred 
years ago, it has not been grown in 
vitro (or, at least, no reported culture 
has yet been confirmed). Even the 
mode of transmission of the disease is 
not well understood, and although it 
is generally believed that infection is 
from man to man, Hansen’s bacillus 
has also been ddentified in insects, and 
some researchers believe their bite may 
also be involved. 

® Leishmaniasis, the sixth, disease in-, 
cluded as a target in the initial stages 
of the Special Programme, is caused 
by various protozoa of the genus 
Leishmania. Two of its forms are 
lethal: the South American espundia, 
which kills by destroying the face, and 
visceral leishmaniasis, or kala azar. 


The programme , 

There are several reasons why the 
timing for a renewed effort to develop 
remedies against these diseases is pro- 
pitious. 

The means to control and treat them 
are limited, and there is relatively little 
research directed towards new remedies. 
A number of recent findings, however, 
both in parasitology and fundamental 
biology, can be used to explore new 
approaches Several such approaches 
have been identified, and ‘“‘task forces”, 
or scientific working groups, have been 
formed by the WHO, consisting of top 
scientists in various disciplines, to 
pursue specific goals. 

One group, for instance, is con- 
cerned with immunology of malaria, 
and its ultimate goal is to develop 
reliable, long-acting vaccines, which 
would undoubtedly revolutionise the 
control of malaria. Infection has long 
been known to produce a certain de-- 
gree of immunity, and some experi- 
mental vaccines have already been pro- 
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duced Last year, it was shown that 
some people possess a genetic factor 
that prevents the invasion of red blood 
cells by: malaria parasites. This genetic 
trait conferring resistance to malaria 
is called “Duffy negative”, because red 
cells lack the Duffy antigen, named 
after the first person in whom it was 
discovered Tt appears that this antigen 
leads the parasites into the red blood 
cells, and that in Duffy negative people 
the absence of the antigen protects the 
blood cells against the parasites Some 
preliminary experiments indicate that 
certain enzymes can block the antigen, 
thus conferring anti-malarial protection 
to the cells. 

An even more important finding was 
announced only last April by Professor 
William Trager of the Rockefeller 
University in New York, who is a 
member of the Special Programme’s 
“task force’? on immunity to malaria 
he has succeeded in maintaining a 
laboratory culture of Plasmodium falci- 
parum for three months This is the 
first time that a continuous culture of 
any of the malaria parasites has been 
successfully established in vitro and 
gone through a large number of multi- 
plication cycles Large amounts of pure 
P falciparum can now be available, 
and this is a significant step ‘towards 
the development of a yaccine. 

The harvest of a large number of 
Mycobacteria leprae is also possible 


since researchers in Louisiana found: 


in 1971 that injection into nine-banded 
armadillos caused massive infection of 
the animals. (Previously, infection had 
been achieved only in mouse footpads, 
and it was very limited.) 

The WHO’s scientific working group 
on immunology of leprosy has already 
engaged ih antigen preparation and 
purification, and three promising anti- 
gens have been isolated, one in 
Venezuela, one in the United Kingdom, 
and one in the USA. As with other 
task forces, the specialists from several 
countries meet periodically, either at 
the WHO headquarters in Geneva or 
elsewhere, to coordinate their efforts. 
There is good hope that a practical 
vaccine, providing long-term protection 
against M. leprae can be developed, 
and a tentative schedule has already 
been established if all goes well, field 
trials should start in four or five years 

Less is known of the immunological 
aspects of schistosomiasis, filariasis, 
trypanosomiasis and leishmaniasis, but 
there is, nevertheless, hope that vac- 
oines can also be developed against at 
least some of these diseases 

Recent research has shown, for in- 
stance, that the Schistosoma parasite 
has a very sophisticated system to en- 
sure its survival in spite of the immuno- 
logical defences of the organism it 
invades When a free-swimming pre- 
adult cercaria penetrates through the 


skin of a person, it does trigger anti- 
body production But within a few 
days, by the time the parasite reaches 
maturity. 1t appears to cover its antigens 
with proteins that mimic the host’s own 
antigens Thus, if immunisation could 
increase the organism’s reaction against 
the pre-adult cercaria, the schistosoma 
could be destroyed before it had time 
to protect itself. 


High technology 

At the same time, other participants 
in the Special Programme are exploring 
the possibility of entirely new ap- 
proaches, relying on recent bio-medical 
knowledge Professor de Duve, for in- 
stance, 1s attempting to apply “lysosome 
therapy” to some of the tropical 
diseases ‘“‘Lysosomes,” he says, 


are essentially miniature little stomachs, 
which occur in all cells One of their 
principal functions is to serve in the diges- 
tion of food ‘eaten’ by the cells by a 
special capture process, called phagocytosis 
or pinocytosis, depending on the size of 
the food narticles taken in As with 
humans, cells mav be greedy or frugal, 
and they may exhibit a wide variety of 
tastes Our purpose is to take advantage 
of these differences to kill certain cells 
selectively by poisoning their favourite 
faod .To do this. we bind the poison to 
a carrier molecule in such a way that it 
will be released when it gets in the 
lysosome, that is, ın the stomach of the 
-ells that have eaten this poisoned food. 


Experiments in mice carried out at 
the International Institute of Cellular 
and Molecular Pathology in Brussels 
have shown that such “selective poison- 
ing” can be effective against at least 
one Trypanosoma parasite A similar 
approach can be tried for the treatment 
of diseases such as schistosomiasis or 
onchocerciasis, caused by worms with 
very tough skins, whose weak points 
may be their “stomachs”. Even the 
leprosy bacillus, which has: no łyso- 
somes of its own, may be susceptible 
to similar “poisoning” because it de- 
velops within membrane-bound vacu- 
oles resembling lysosomes in the 
macrophages of its host. 

Enzyme therapy is another possible 
approach- It is known, for instance, 
that fertilised eggs of the nematode 
worm, another parasite of man, manu- 
facture chitin, a substance that protects 
the cell, since mammals do not pro- 
duce chitin, interference with the 
enzymes needed to produce it could 
destroy nematode eggs without affect- 
ing the human host. 

Interference with the parasites’ 
nervous system could also be explored 
-—notably by acting on chemotaxis, an 
important determinant of behaviour, or 
on neurotransmitters (experiments with 
Caenorhabditis elegans, a free-living 
soil nematode, have shown that tetra- 
mysole, an agonist of acetylcholine, a 
major neurotransmitter, -effectively 
paralyses the worms, arresting feeding 


87 


and mobility). 

Vector control, likewise, can benefit 
from goal-oriented research, notably in 
the area of biological vector control. 
It is known that parasites can be in- 
fected by other parasites (for instance, 
mermithid worms can infect and kill 
the tsetse fly). But basic research into 
the biology of the insect and its pre- 
dator, and into the ecological impact 
of such an approach, must first be 
carried out. 

These are “high technology” ap- 
proaches, that require the commitment 
of skilled manpower and adequate 
budgets. Their goal is the development 
of remedies on the basis of knowledge 
of parasite function and biology, rather 
than through often empirical, large- 
scale screening, such as has been widely 
used until now in anti-parasitic drug 
research. 

The purpose of the Special Pro- 
gramme of Research and Training in 
Tropical Diseases is not, however, 
limited to such research, much of 
which must be carried out in institutes, 
universities, and pharmaceutical labora- 
tories in the developed world. The very 
countries most affected by tropical 
diseases will be associated with the 
pregramme 

At the beginning, the focus will be 
on Africa, which has the highest pre- 
valence of the six diseases and where 
multiple infection is almost the rule. 
Several African countries have ex- 
pressed their willingness to participate 
in and contribute to the programme, 
and Zambia has offered laboratories in 
the large Ndola hospital complex for 
the creation of a multidisciplinary re- 
search centre bringing under the same 
roof different aspects of laboratory re- 
search and clinical medicine. Strength- 
ening of existing laboratories, creation 
of new ones if necessary, and training 
af additional indigenous personnel, are 
planned as part of the programme to 
promote self-reliance in the very parts 
of the world where tropical diseases are 
prevalent. 

Several meetings devoted to the 
Special Programme, co-sponsored by 
the WHO and the United Nations De- 
velopment Programme, have already 
been held, and scientific work has 
started with the help of initial funds 
contributed last year by several nations 
and organisations But a long-term 
commitment is needed, as the pro- 
gramme cannot be financed from the 
shrinking budgets of the WHO or 
UNDP This is why a meeting with 
potential donor nations and agencies 
will be held later this year. In view 
of the magnitude of the problem being 
tackled, and the results that can be 
expected, the initial annual budget of 
$15-$20 million (the price of a jet 
fighter or a few miles of superhighway) 
seems reasonable enough. O 
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Assessing the OTA 





Congress’s three-year-old Office Tech- 
nology Assessment (OTA) has come 
under sharp, and potentially damaging, 
criticism from another Congressional 
committee and from the former chair- 
man of its own advisory council. Both 
have argued that it has failed to live 
up to expectations and that there is 
still no clear understanding of its role 
and function. Colin Norman reports 
from Washington. 





ESTABLISHED in 1972 by an Act of 
Congress, OTA is meant to furnish 
Congress with advice and analysis con- 
cerning scientific and technological 
issues. Its mission is frequently des- 
cribed as providing an early warning 
system on such matters. But its chief 
problem, which lies at the root of much 
of the criticism, is that on the one 
hand it is expected to study long-term 
issues, while on the other it is supposed 
to help Congress, which is more con- 
cerned with yearly budgets and two- 
yearly elections. 

OTA studies and reports on matters 
referred to it by other committees of 
Congress, and it also generates some 
studies itself. Its operations are 
managed by a Director, Emilio Q. 
Daddario, a former Congressman who 
wrote the original legislation which led 
to OTA’s establishment, and its policy 
is provided by a board consisting of 





Hores for at least a modest increase 
in funds for basic research in the 
United States have been unexpec- 
tedly revived by the Senate. After in- 
tensive lobbying from scientific and 
higher education organisations, the 
Senate last week restored most of the 
money which the House of Repre- 
sentatives had slashed from the bud- 
get of the National Science 
Foundation (NSF), and the matter 
must now be decided in a conference 
committee consisting of members 
from each body. It’s a fair bet that 
NSF will end up with a small in- 
crease, though not as great as the 
20% boost proposed by the Ford 
Administration. 

President Ford’s budget request 
for NSF for the fiscal year which 
begins on October 1 was designed to 
offset the effects of inflation, which 
has eaten deeply into support for 
basic research over the past few years 
But the House slashed nearly $60 
million from NSF’s budget, giving 





NSF budget goes to conference 





six Senators and six Congressmen. In 
addition, an advisory council, whose 
members are drawn from industry and 
academia, provides advice on OTA’s 
operations. 

The first criticism of OTA’s opera- 


tions surfaced in the office’s recently- , 


published annual report, which con- 
tained a letter from Harold Brown, 
President of Caltech, resigning as 
chairman of OTA’s advisory council, 
and a response from Representative 
Olin Teague, chairman of the office’s 
governing board. 

Written last December, the letter 
begins with some words of praise 
for a few OTA studies, but criticises 
the fact that the office has taken on 
too many trivial tasks and asserts that 
“few of us on the council, I believe: 
would say that we are satisfied with 
what has ibeen accomplished, compared 
with what ‘we hoped for and still be- 
lieve possible”. Brown suggests ın 
particular that OTA has been concen- 
trating too much on immediate prob- 
lems. ‘‘inevitably there are strong pres- 
sures on the Congress as well as on the 
Exeoutive Branch to concentrate on 
immediate problems. Certainly those 
problems must be faced as they arise. 
But there needs to be a balancing effort 
within the Congress to foresee problems 
of the medium and even the long term 
future”. 

Less gentle criticism has come from 





the agency less than a cost-of-living 
increase, largely on the grounds that 
basic research isn’t too badly off in 
relation to other items in the federal 
budget. 

The House’s parsimony prompted a 
massive letter-writing campaign to 
key Senators, and a move to restore 
the funds, led by Senators Charles 
Mathias of Maryland and Edward 
Brooke of Massachusetts, proved 
successful. The senate agreed to Mr 
Ford’s proposed 20% increase, in spite 
of opposition from Senator William 
Proxmire, Chairman of the Senate 
subcommittee which handles NSF’s 
budget request. Proxmire said that he 
believes the increase is much too 
generous, but was outvoted in the 
committee. 

The conference. committee will 
probably settle on a figure about half 
way between the levels approved by 
the House and Senate, which would 
at least give basic research its first 
real increase in about five years. 
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an obscure Congressional body, known 
as the House Commission on Informa- 
tion and Facilities, chaired by Repre- 
sentative Jack Brooks of Texas. On the 
basis of an 8-month study, the com- 
mission last week issued a report which 
concludes that “OTA remains sub- 


_ stantially short of reaching levels of 


performance reasonably expected of 
an information resource of its size and 


‘cost and access to expertise”. The 


report, in short, suggested that OTA 
has been beset by operational problems 
and by lack of a clear definition of its 
functions. 

The report states that the Commis- 
sion found confusion among OTA’s 
staff, council and board, and between 
OTA and some Congressional com- 
mittees, over the office’s role and res- 
ponsibilities. It suggests, therefore, that 
OTA’s statutory authority should be 
reviewed, and a clear definition of 
technology assessment should be drawn 
up, presumably so that OTA’s territory 
is staked out and so that there’s no 
overlap of its functions with those of 
the Congresstonal Research Service or 
the General Accounting Office. The 
report goes on to state, however, that 
so far there thas been no such overlap. 

More specifically, the report ex- 
presses reservations about the fact that 
OTA has been performing a growing 


‘share of its studies itself, rather than 


having them done ‘by outside con- 
tractors, and suggests that OTA should 
have a firmer policy on which kinds of 
studies should be performed in-house. 
That criticism conflicts, however, with 
a comment made by Brown in his 
letter. Listing some “substantial ad- 
vances” made by OTA, Brown notes 
that “an initial tendency to think 
almost solely in terms of contracted 
studies thas been succeeded by a more 
balanced procedure involving advisory 
panels, contracted studies, and some 
(as yet rather Jittle) in-house assess- 
ment work”. 

But perhaps the Commission’s most 
biting criticism concerns OTA’s admi- 
nistrative structure. ‘““Organisationally”’, 
it says, “OTA lacks the minimum of 
orderly structure”, and it suggests that 
OTA should begin immediately, if 
necessary with the help of management 
consultants, to put itself in order. 

Finally, both the Commission and 
Brown criticise the poor relations 
which have developed between OTA 
and its advisory council. “At one time 
or another”, Brown states, ‘“‘most 
Council members have expressed frus- 
tration about the relatively large 
amount of time, effort and persistence 
that they have invested in terms of the 
effect they feel they have had I be- 
lieve that the important task of streng- 
thening communications between the 
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Board and the Council needs to be 
faced during the coming year”. And 
the House Commission on Information 
and Facilities, noting that there has 
been considerable confusion over the 
role of the council, suggests that “sub- 
stantial revision of the Council’s statu- 


EEC 


tory function, or its abolition, be pro- 
posed on grounds that unless Council 
contributions are integrated more 
effectively in the policymaking process, 
its existence can only be a source of 
frustration and disharmony within the 
agency”. 


European science policy sought 


The European Commission recently un- 
veiled proposals for a Community 
science policy. Progress towards the 
aim of a common approach, reports 
Chris Sherwell, may prove to be more 
pedestrian than the enthusiasts are pre- 
pared to admit. 


Ir the expressions of satisfaction ema- 
nating from the vicinity of the Berlay- 
mont Building in Brussels are anything 
to go by, Europe is now well on its 
way towards forging a science and 
technology policy for itself. The Com- 
mission of the EEC, which has its 
headquarters there, recently unveiled 
the results of a closed symposium which 
took place under its auspices in Milan 
towards the end of May. 

The aim of the symposium was to 
gather suitable suggestions for guide- 
lines regarding research and develop- 
ment which the Commission might 
present to the relevant Council of 
Ministers later this year. This it reckons 
to have achieved. Among the 100-odd 
participants were members of the 
European and the various national 
parliaments; members of the Commis- 
sion and of the Economic and Social 
Committee (a consultative body serving 
the EEC and Euratom), and govern- 
ment officials; and the customary host 
of scientists, engineers, industrialists 
and trade unionists who help to make 
meetings like this more models of orga- 
nisation than of representativeness. 

The three-day symposium, at Milan’s 
International Institute for Manage- 
ment of Technology, was organised by 
Directorate General XII (Research, 
Science and Education) of the Com- 
mission with the aid of CERD (the 
European Research and Development 
Committee), which is an independent 
2l-member body of scientists and en- 
gineers established by the Community 
in 1973 to advise the Commission on 
the formulation of a common science 
policy. It took place in the context of 
an effort finally launched two years ago 
to sow the first seeds of a revamped 
Community science and technology 
policy to replace the old sectoral ap- 
proach of the previous sixteen years. 

That effort in fact had its real be- 
ginnings many years ago, but it was 


only in January 1974 that the Council 
of Ministers found itself able to give 
expression to sentiments voiced at the 
Paris Heads of Government meeting in 
October 1972; the Council passed four 
resolutions which would provide a 
basis for a broad Community science 
and technology policy. The resolutions 
covered matters like coordination, par- 
ticipation in the European Science 
Foundation and programmes of action. 
The Commission was landed with the 
task of looking at the science policies 
of the nine member states with a view 
to producing Community-wide projects 
and a common approach externally. 

The hope was that the terms of a 
full-blooded European science policy 
could be finalised by the end of 1976. 
The Council, when it met again in 
June 1975, urged that discussions on 
the objectives of such a policy be held 
“without delay”, and the Milan sym- 
posium, being the major part of those 
discussions, heralded the end of this 
first phase in the new Community 
approach. The next phase begins if and 
when the Council approves the recom- 
mendations of the symposium’s five 
working parties, each of which aimed 
to tackle separate areas of interest. 


Recommendations 

The Commission document sum- 
arising the working parties’ recommen- 
dations, taken as a whole, does not 
make exciting reading, being littered 
throughout with empty phrases 
characteristic of all ostensibly agonising 
searches for lowest-common-denomina- 
tor agreements. Hidden in the inter- 
stices of the Commission's denatured 
language, however, is some sort of basis 
for the optimism now being expressed 
so expansively by the Director General 
at DGXII, Herr Gunter Schuster. 
Here, in essence, is the gist of the 
recommendations. 


Working Party I: Long term objec- 
tives and priorities. The group recom- 
mends that a suitable instrument ‘‘such 
as proposed in ‘Europe + 30’ ”’ be estab- 
lished “at the earliest possible time”, 
and that in the meantime a “small unit 
of specialists” be set up in or be linked 
to DGXII “without delay”. Lord 
Kennet from Britain dissented on the 
latter point, arguing that such a staff 


There is clearly going to be more 
debate before OTA is able to establish 
a comfortable role in which it acts as a 
long-term analyst and at the same time 
provides advice geared to Congress’s 
short-term outlook. O 





should be actually in DGXII to avoid 
the danger of it becoming a substitute 
for Europe+ 30, 

Among the many areas of high 
priority for research in the long term, 
the working party includes Europe’s 
ecological system, climatic changes, 
water management and food shortages. 


Working Party Ii: Medium term 
objectives and priorities. The main 
theme informing this group’s recom- 
mendations emphasises the need to do 
more to bring innovations to potential 
customers. The group wants to “make 
operational, within the Communities 
(the EEC, the European Coal and Steel 
Community and Euratom), structures 
for securing and examining research 
and development proposals coming 
from any public or private European 
organisation”. It also wants “to re- 
launch the Community development 
contract procedure” reserved for Euro- 
pean [group’s italics] groups of enter- 
prises and multinationals, and ‘“‘to 
establish structures for conveying the 
Commission’s intentions”. A consul- 
tative comittee for industry is suggested. 

More specifically, the group hopes 
that certain subjects now neglected or 
insufficiently developed will receive 
“special consideration”—among them, 
hydrographical problems arising out of 
the existence of multinational basins, 
European epidemiological research, re- 
cycling and reclamation, basic biologi- 
cal research, and ethical problems in 
genetic matters, 

Interestingly, there is a frank 
acknowledgment of the constraints 
within which such a policy can work. 
The human and financial resources 
the EEC has at its disposal, the group 
says, “are not considerable”, and are 
so concentrated as to prevent the needs 
of a real European policy being met 
over a wider field—and in certain fields, 
the group declares, the EEC could not 
be satisfied with the role of a mere 
catalyst. The scientific and technical 
activity of the EEC, it stresses, is ‘‘an 
essential part of a true European eco- 
nomic community”, and it expresses 
its hope for a separate budget that 
would allow further progress. 


Working Party III: Coordination of 
national policies. After recognising 
that a common policy can only be 
built up “slowly and step by step out 
of the coordination of national policies 
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and common sections”, this group deals 
with coordination in four fields. 

In basic science, it says, “the self- 
coordination of scientific groups, in- 
stitutes, organisations and associations 
is the most important and useful 
instrument of coordination” —and here 
the group has in mind the cooperation 
already operating between Britain's 
SRC, France’s CNRS, Germany’s Max 
Planck Institutes, and so on. Where 
research is carried out almost totally 
by industry, coordination should be 
limited to the “harmonisation and co- 
herent development of support activi- 
ties in the member states”. 

Research and development for “pub- 

lic services and tasks”, on the other 
hand, “is undoubtedly the central ob- 
ject for coordination in the Commu- 
nity”, because in these spheres the 
national government have sufficient 
responsibilities. Finally, in the mixed 
sector (“the most difficult sector for 
coordination”), where it is noted that 
funds in all countries are heavily con- 
centrated in a few areas (nuclear, space, 
electronics), the group states rather 
vacuously that projects performed by 
industry but financed by government 
“should not be excluded from coordina- 
tion”. 
Working Party IV: Innovation policy. 
Industrial enterprise, says this group, 
is “the main actor in the innovation 
process”, but it is governments which 
have to create a favourable climate— 
and promotion of innovation at the 
Community level “is at present ham- 
pered by the lack of a common indus- 
trial policy”, which it calls “a serious 
obstacle to the development of com- 
prehensive industrial R & D pro- 
grammes”. 

The Community, it says, can make 
“an important contribution” towards 
creating the right climate: among 
other things, it could support co- 
operation in long term industrial 
research and development (fusion, 
aerospace, solar energy), finance 
make more 


demonstration projects, 
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Herr Schuster, Director General at DG XII. 


accessible those public markets where 
State agencies are large buyers of 
technology, and improve access for 
small and medium sized industries to 
technological innovation. The group, 
like the second working party, recom- 
mends that the Commission set up an 
industry consultative committee to give 
industrial viewpoints on the Com- 
munity’s R&D policy. 

Far from judging the present econo- 
mic plight of European countries a 
deterrent to innovation, 
rather believed this problem called for 
a special effort. Similarly, state parti- 
cipation in the field was less a con- 
straint than a stimulus, although state 
encouragement of specific projects— 
not so much in fields of obvious com- 
munity interest (energy supply, public 
transport) as in fields like cybernetics 
—demanded fundamental discussion. 
The general feeling was that there was 
insufficient coincidence between the 
long term projects of member states 
and those of the Community—and 
that the liaison now lacking could, un- 
surprisingly, only be promoted through 
greater coordination. Plainly, though, 
the overlap with Europe’s much- 
sought-after industrial policy is re- 
garded as vital to the success of any 
research policy relating to industry. 


Working Party V: Dissemination and 


exploitation of results. The group 
recommended that “a readily and 
selectively accessible dissemination 


system for information about R&D” 
be set up within the Community, 
based on national information services 
and existing contacts between organi- 
sations. It further recommended that 
the Community’s four-establishment 
Joint Research Centre (JRC) should 
have greater involvement in the exploit- 
ation of its own inventions, and that 
the Community should be able to pro- 
vide companies with incentives where 
necessary (through exclusivity or lead 
times, for example). A small team of 
experts should also be available, with 
close links to scientists in the JRC and 
contractors, on the one hand, and to 
exploitation organisations in member 
states on the other. 


Long way to go 

All of which suggests that there is a 
long way to go before a real European 
policy is actually in operation. 
Although the recommendations reveal 
a rather limited number of specific in- 
stitutional proposals, the general dispo- 
sition in favour of a European 
approach, and one buttressed through 
additional budgetary support at that, 
shines through. The main emphasis, 
naturally enough, is on the key-word 
“coordination”, perhaps the most cru- 
cial block in the fragile Community 
science edifice. But the question of 
how best this might be achieved, 


the group , 
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although begged throughout, does not 
receive a great deal in the way of 
answers. 

Not that Europe’s welter of institu- 
tions does not already include a goodly 
proportion of science-oriented bodies 
equipped to supply the answers. Apart 
from CERD, the most important is 
probably CREST, the Scientific and 
Technical Research Committee. It is 
the product of the January 1974 Coun- 
cil resolution on coordination, and is 
blessed with the task of “helping Com- 
munity institutions to define objectives 
and securing the development of a 
common policy for science and tech- 
nology.” According to Working Party 
Ill, it is CREST which is to be re- 
garded as the central committee where 
“coordination in all fields of R&D is 
focused”, and Community officials 
looking to CREST to translate pro- 
posals into reality do point to its 
achievements—in the implementation 
of Community projects on new energy 
sources and scientific information, for 
example, and in planning cooperation 
with non-Community countries, which 
it does within the context of COST, 
the Committee of Senior Officials in 
Scientific and Technical Research. 

But there is little question about 
how much has really been achieved so 
far. No one at the Commission doubts 
that progress has been and will con- 
tinue to be slow, or that CREST has 
yet to come into its own. There are 
pilot projects in hand, in the fields of 
energy, medical research and the 
determination of research and develop- 
ment indicators, and these represent 
practical attempts at coordination and 
alignment. For the moment, however, 
they merely supplement existing instru- 
ments of coordination, which also in- 
clude the Advisory Committees on 
Programme Management (ACPMs). 

The perspective being adopted in 
Europe is thus distinctly medium to 
long term—CERD itself has proposed 
that a European Science Year be 
organised in 1978 or 1979, just before 
the United Nations World Science 
Year in 1980. In places the Commis- 
sion’s document makes a tilt towards 
the themes of humanising science and 
of Third World development, and there 
does seem to be an underlying view 
which argues that, if a European 
science policy is to have any chance of 
success at all, then somehow science 
itself will have to be brought closer to 
the proverbial man in the street, and 
be made to be seen as relevant to his 
needs. But if that laudable view is 
scuttled by the trials of actually identi- 
fying Europe’s research requirements, 
and of formulating an acceptable 
policy (particularly regarding the dis- 
tribution of its benefits and its 
burdens), there should be few surprised 
faces. mj 
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news and views 





Facror VIII activity is essential for 
normal blood clotting and haemostasis, 
and an inherited deficiency of this 
activity occurs in haemophiliacs and 
patients with von Willebrand’s disease. 
In von Willebrand’s disease there is 
also a deficiency of a closely related 
substance called factor VIII-related 
antigen (Zimmerman ef al., J. clin. 
Invest., 50, 244; 1972). The presence of 
this antigen is demonstrated by raising 
heterologous antibodies in animals to 
factor VITI preparations and using them 
in immunoelectrophoretic procedures. 
Precipitin lines reveal the presence of 
factor VIII-related antigen in the 
plasma or serum of both normal people 
and haemophiliacs, but not in the 
plasma or serum of patients with 
severe von Willebrand’s disease. 

Haemophilia is determined by an X- 
linked recessive mechanism of inherit- 
ance while von Willebrand’s disease is 
inherited as an autosomal dominant 
condition. As far as is known, there is 
no inherited deficiency of antigen 
alone and the concentration of antigen 
in normal people and most patients 
with von Willebrand’s disease is 
roughly proportional to their factor 
VITI activity. These various relation- 
ships between factor VIII and the 
antigen suggest that their production 
in vivo proceeds by a common route 
at some stage. 


Subunits 

Factor VIIT is a glycoprotein and 
many workers have reported it to have 
a molecular weight of more than 10° 
as determined by gel filtration chro- 
matography. It is relatively easy to 
bring about an apparent reduction in 
this molecular size using high or low 
ionic strength (Weiss et al., Thromb. 
Diath. haemorrh., 27, 212; 1972; Owen 
and Wagner, ibid, 27, 502; 1972) or re- 
ducing agents (Austen, Br. J. Haemat., 
27, 89: 1974) and the factor VITI acti- 
vity then appears by gel filtration to 
have a molecular weight of around 
230,000. It has been suggested recently, 
however, that experimental conditions 
affect the speed at which low molecular 
weight factor VITI passes through the 
gel filtration column (Switzer and Mc- 
Kee, J. clin. Invest., 57, 925; 1976) and 
so the exact values of molecular weight 
should not be emphasised at this stage. 
Factor VIII-related antigen remains 
unchanged by variations in ionic 
strength or by very mild reducing con- 
ditions. As a result, gel filtration of 


Factor VIII 


from D. E. G. Austen 





the products of such reactions separates 
factor VIII activity from the antigen, 
although the extent of this separation 
is still a matter of discussion. Two 
different hypotheses have been sug- 
gested to explain these results. The first 
is that factor VITI is made up of several 
subunits which can be disaggregated, 
while at the same time, factor VII- 
related antigen circulates as a com- 
pletely separate molecule. The second 
possibility is that factor VIII consists 
of a small active molecule which is 
bound as a passenger to a large carrier 
molecule of factor VIII-related antigen 


and that disaggregation experiments 
simply separate the two. 
Several workers have now also 


cleaved factor VIII-related antigen into 
subunits. Some have effected this in 
moderate reducing conditions and re- 
tained the antigenicity of the protein 
(Austen et al., Nature, 253, 55: 1975; 
Peake and Bloom, Thromb. Haemo- 
stasis, 35, 191; 1976). Others have used 
severe conditions along with sodium 
dodecylsulphate (SDS) gel electro- 
phoresis and report that they can 
detect the protein using staining tech- 
niques (Marchesi et al., J. clin. Invest., 
§1, 2151: 1972: Legaz et al., J. biol. 
Chem., 248, 3946; 1973: Switzer and 
McKee, J. clin. Invest., 57, 925; 1976). 
In both cases the molecular weight 
value obtained is close to that of the 
small active factor VIIT fragment and 
this may suggest that the antigen and 
factor VIIT are two proteins with a 
similar basic structure. 


Antibodies 

Another field of useful investigation 
has been concerned with the develop- 
ment of factor VIII antibodies. In 
patients suffering from haemophilia, 
antibodies can develop to infused thera- 
peutic concentrates of the factor. Such 
antibodies will inactivate factor VIII 
both in its high molecular weight or 
its low molecular weight form. They 
are non-precipitating and are not be- 
lieved to cross react with factor VIM- 
related antigen. But with severely 
affected von Willebrand's patients who 


have a minimal level of antigen the 
precipitating-type of antibody can de- 
velop, as Manucci ef al. show (page 
141 of this issue of Nature). Thesé are 
directed against factor VIII-related 
antigen and have only a low level of 
cross reaction towards factor VIII 
activity. 

More information can be obtained 
by studying antibodies produced in rab- 
bits after infusion of factor VIII and 
the antigen. Here there is general 
agreement that antibodies can be 
separated which are directed against 
factor VIII-related antigen. On the 
other hand, antibodies which are 
directed against factor VIII-related 
antigen have been reported to have 
varying degrees of cross reaction 
with factor VIII activity, possibly de- 
pending on the experimental condi- 
tions. This work has been extended 
recently by a paper (Ratnoff ef al., 
Blood, 47, 657; 1976) which reports that 
antibody directed against factor VIII- 
related antigen does not inactivate the 
low molecular weight fragment of 
factor VIII even though it does react 
with native factor VIII. 


Interpretations 

A reasonable solution to some of the 
apparent differences in reported results 
is suggested in a paper (Kernoff, Nature 
new Biol., 244, 148; 1973) which shows 
that the antibody against factor VIT- 
related antigen will precipitate factor 
VITI but that the complex retains factor 
VIII activity. As a result, an apparent 
inactivation could be obtained if the 
supernatant solution was assayed after 
centrifugation. An interesting con- 
firmation of this was also seen in im- 
munoelectrophoresis experiments (Bird 
and Rizza, Br. J. Haemat., 31, 5; 1975) 
where the actual precipitin lines formed 
by factor VIII-related antigen and its 
antibody were shown to possess factor 
VIII activity. (The sample subjected to 
the immunoelectrophoresis contained 
both active factor VITT and antigen.) 
Clearly factor VITT and factor VIT- 
related antigen have determinants in 
common, or alternatively the two are 
bound together. 

The bonding of active factor VITI 
subunits must rely on electrostatic 
attraction since ionic strength changes 
are sufficient to sever them. Chemical 
reduction has also been shown to dis- 
aggregate factor VITT and this might 
be due to cleavage of intramolecular 
disulphide bridges between different 
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parts of the same factor VIII subunit. 
When these are severed, different sec- 
tions of the subunit could alter spatial 
configurations, and in that way geo- 
metrical changes would occur to a 
point where the electrostatic forces 
could no longer keep the subunits to- 
gether. Bonds between the subunits of 
factor VIII-related antigen must be 
considerably stronger because more 
vigorous chemical reduction is required 
to disaggregate them. It would be anti- 
cipated that disulphide bonds are in- 
volved in some way but further con- 
clusions are not possible at this stage. 

Although there is considerable dis- 
agreement about the interpretation of 
the reported data on factor VIII, some 
useful conclusions can be drawn. Factor 
Vill-related antigen is shown to be a 
large molecule with a molecular weight 
of more than 10°. Active factor VIII 
can be separated from factor VIII- 
related antigen and to that extent they 
must be considered as separate enti- 
ties. But they have intriguing similari- 
ties. They are difficult to separate 
unless factor VIII is cleaved into sub- 


units and they have some antigenic de- 
terminants in common. The size of 
their subunits seems to be similar. 
Exercise and fear in the human subject 
bring about a proportionate increase in 
both. It is also important that the 
infusion of haemophilic plasma into a 
patient with von Willebrand’s disease 
produces factor VIII activity, 

These results are fascinating and 
most of them could possibly be ex- 
plained on the basis of several hypo- 
thesis. In my opinion, however, the 
most reasonable hypothesis is that 
factor VIII and factor VIII-related 
antigen are separate molecular species 
with a basic structural similarity, This 
does not exclude the possibility that 
other species with that same basic 
structure are also present. It is interest- 
ing to speculate that such a substance, 
or even factor VIII-related antigen 
itself, could be the precursor of factor 
VIII. If this were the case, then treat- 
ment of haemophilia in the future 
might be based on converting a pre- 
cursor into its active form rather than 
direct factor VII replacement. O 


Peptides in brain and 


intestine 


from A. G. E. Pearse 


IN 1931, while studying the distribution of 
acetylcholine, von Euler and Gaddum 
(J. Physiol., 72, 74) detected, in alcoholic 
extracts of equine brain and intestine, 
a smooth muscle stimulating and hypo- 
tensive agent which was later (Chang and 
Gaddum, J. Physiol., 79, 255; 1933) called 
substance P (for powder). Its identity as a 
peptide (protein) was soon established 
(von Euler, Skand. Arch. Physiol., 73, 
142; 1936) but its isolation and charac- 
terisation had to wait for almost 40 years 
(Chang and Leeman, J. biol. Chem., 245, 
4784; 1970; Chang, Leeman and Niall, 
Nature, 232, 86; 1971). 

The story of substance P can now be 
seen to provide nearly all the clues 
required for an understanding of the 
recent spate of reports of peptides com- 
mon to brain and intestine. The latter 
region can more accurately be described 
as “gastrointestinal tract and pancreas’ 
and the peptides are regarded on the one 
hand as presumptive or proven neuro- 
transmitters and, on the other, as pre- 
sumptive or actual hormones. 

A current list of the common peptides, 
with their original and new locations, 
is given in Table 1. The first two peptides 
in the list are primarily of neural origin. 
Demonstrated in brain by radio- 
immunoassay, with highest concentra- 
tions in the substantia nigra and hypo- 


thalamus, substance P has now been 
localised, by immunocytochemical 
techniques, not only in the central nervous 
system (HOkfelt et al., Science, 190, 889: 
1975), but also in some of the 
enterochromaffin (EC) cells of the 
gastrointestinal tract (Pearse and Polak, 
Histochemistry, 41, 373; 1975) and bile 
ducts. This peptide (H-Arg-Pro-Lys- 
Pro-Gln-GIn-Phe-— Phe-Gly- Leu- Met- 
NH,) is probably widely distributed in 
primary sensory neurones and their pro- 
cesses, and in nerve terminals in many 
areas of the brain. 

Somatostatin, named for its growth 
hormone release inhibiting properties, 
was isolated from ovine hypothalamus 
and characterised as a tetradecapeptide 
(H-Ala~Gly—Cys—Lys—Asn—Phe-Phe-Trp 
-Lys-Thr-Phe-Thr-Ser-Cys-OH) by 
Brazeau er al. (Science, 179, 77; 1973). 
Later found to inhibit release of a much 
larger number of endocrine peptides, 
including insulin, glucagon and gastrin, 
somatostatin was detected by radio- 
immunoassay in the stomach and 
pancreas, in concentrations equal to 
those recorded in the hypothalamus 
(Arimura et al., Science, 189, 1007; 1975). 
It has been localised immunocyto- 
chemically in the neurones of the nucleus 
periventricularis of the hypothalamus, in 
nerve fibres in the neurohypophysis and 
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in some nerve fibres in the wall of the 
intestine (HOkfelt et al., Acta endocr. 
Suppl., 80, 200; 1975). 

Using similar immunocytochemical 
techniques several groups, independently, 
have now demonstrated somatostatin- 
like immunoreactivity in the D cells of 
the pancreatic islets and upper gastro- 
intestinal tract. Consideration of the 
physical associations of the D cells with 
cells producing insulin, glucagon and 
gastrin leads to the supposition that the 
actions of the peripheral variety of this 
hormone are paracrine, directed that is to 
neighbouring cells and tissues, rather 
than truly endocrine. The last two 
peptides in Table | are products of two 
types of gastrointestinal endocrine cell 
belonging to the APUD series (Pearse, 
Proc. R. Soc, Lond., B170, 71; 1968; 
J. Histochem. Cytochem., 17, 303; 1969). 
The name is an acronym based on their 
amine-handling qualities (amine content 
and/or amine precursor uptake and 
decarboxylation), but it stands for a 
larger spectrum of common cytochemical 
and ultrastructural qualities. 

Gastrins, of whatever molecular species, 
are almost completely restricted to the 
G cells of the pyloric antrum of the 
stomach. Contrary to recorded opinion 
(Greider and McGuigan, Diabetes, 20, 
389; 1971), there is no gastrin in the adult 
endocrine pancreas. 

Last year a gastrin-like peptide was 
demonstrated by immunoassay in 
extracts of human and animal brain 
(Vanderhaegen et al., Nature, 257, 604; 
1975), and levels in the cerebral grey 
matter were as high as 200 ng per g of 
dry tissue. Since it eluted later than 
gastrin-17 on gel filtration, the new 
peptide must be regarded as closely 
related to, rather than identical with, 
gastrin. 

Vasoactive intestinal peptide (VIP) is a 
28-residue peptide originally isolated 
from porcine duodenum and shown to 
be structurally and biologically related to 
secretin and glucagon (Mutt and Said, 
Eur. J. Biochem., 42, 281; 1974). Present 
in the gastrointestinal tract, from oeso- 
phagus to rectum (Bloom and Bryant, 
Gut, 14, 823; 1973), it was there shown to 
be produced by an APUD cell now 
tentatively identified as the H cell (Polak 
et al., Gut, 15, 720; 1974). 

Two contemporaneous papers have 
appeared recently both recording the 
presence of VIP in neural tissues. Said 
and Rosenberg (Science, 192, 907; 1976) 
have measured VIP immunoreactivity in 
three neuroblastoma cell lines in culture, 
finding high levels in all three and in acid 
alcohol extracts of the central nervous 
system and sympathetic ganglia. Their 
values in p mol per g (wet weight) of 
tissue from dogs, are higher in frontal 
lobe cortex (19) and hypothalamus (20) 
than in duodenum, ileum and colon. 
Bryant et al. (Lancet, i, 991; 1976) 
likewise report high levels of VIP 
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immunoreactivity in the cerebral cortex 
and hypothalamus of both man and pig, 
but in each case their average figures are 
lower than those recorded for the 
different regions of the gastrointestinal 
tract. In this second study a most impor- 
tant finding was that the bulk (94%) of 
VIP extractable from porcine and human 
brain elutes identically with, that is to say 
is virtually identical with, the pure 
intestinal peptide. Parallel immunocyto- 
chemical studies showed that in human 
and porcine intestine VIP is present not 
only in the endocrine VIP cells but also 
in some fine nerve fibres in the lamina 
propria, in the cell bodies of the myenteric 
plexus and in the adrenal medulla. 

The two sides of the equation, neural 
and endocrine, are united by an essen- 
tially simple concept. First formulated 
some 10 years agotoexplain the possession, 
by neurones and by endocrine cells pro- 
ducing polypeptide hormones, of a set of 
common cytochemical and ultrastructural 
characteristics, the APUD concept then 
postulated that the endocrine cells were 
derived from a common neuroectodermal 
ancestor. This was conceived as arising in 
the embryo from that transient but mas- 
sive structure the neural crest, at one time 
considered as a fourth germ layer. Sub- 
sequent experimental work having shown 
that only seven of the 36 cells in the now 
amplified APUD series indeed arise 
from that structure, the concept has been 
extended to include, under the broad 
heading of neuroectoderm, ngt only the 
neural, tube, neural ridges “and neural 
crest, but also the specialised ectoderm 
of the placodes (Pearse and Takor, 
Clin. Endocr., Suppl. 5, 291; 1976). 

It is now postulated that all peptide- 
hormone-producing cells are derivatives 
of specialised ectoderm and therefore, 
effectively, of cell lines derived from the 
epiblast and programmed for ultimate 
neuroendocrine function. Thus regarded, 
the cells of the APUD series constitute a 
third division of the nervous system, 
functioning as third-line effectors with 
activities slower in onset and of longer 
duration than those of the second-line 
effectors of the autonomic division. 
These, in turn, are of slower onset and 
longer duration than those of the somatic 
division. 

If the concept is simple and concise, 
its implications are diverse and far 
reaching. They depend, to a large extent, 
on the nature of the several disciplines 
involved and these range from neuro- 
biology (physiology, pharmacology and 
biochemistry), endocrinology and peptide 
chemistry, through conventional and 
comparative embryology to, if it yet 
exists, the molecular variety of thatscience. 

Neurotransmitter peptides, many 
probably identical with individual en- 
docrine peptides of the gut, and others 
related to the peptide products of 
exocrine (but still APUD) cells in the 
cutaneous glands of anurans (Erspamer 
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Table 1 Peptides common <o intestine and brain 
Peptide “Original” location(s) New location(s) 
Substance P Brain (cortex) Gastrointestinal 
Substantia nigra EC cells 
Dorsal root ganglia 
Peripheral nerves 
Substantia gelatinosa 
Somatostatin Cerebral cortex Pancreatic islet D cells 
N. periventricularis Gastrointestinal D cells 
Neurohypophysis 
Pineal 
Gastrin Gastric antrum (G cell) Cerebral cortex 
Duodenum (grey matter) 
VIP Gastrointestinal tract Cerebral cortex 
especially duodenum, colon (grey matter) 
(H cell) Hypothalamus 


G, H and D, Wiesbaden classification of gastroenteropancreatic endocrine cells; EC, 
enterochromaffin; VIP, vasoactive intestinal peptide. 





Table 2 Anuran and mammalian peptides with common amino acid sequences 





Anuran peptide 
Caerulein (Hyla sp.) 
(Xenopus laevis) 


Phyllocaerulein (Phyllomedusa sp.) 


Physalaemic (Physalaemus sp.) 
Uperolein (Uperoleia sp.) 
Bombesin (Bombina bombina) 


CCK, cholecystokinin-pancreozymin. 


and Melchiorri, Pure appl. Chem., 35, 
463; 1973), will certainly be found widely 
distributed in the central and peripheral 
nervous systems. Their precise role in 
these situations can be envisaged as a 
matter of some complexity and fuller 
investigations of peptidergic neuro- 
transmission will surely make it necessary 
at least to augment the older cholinergic 
and adrenergic notation. 

The list of frog skin peptides with 
amino acid sequences common either to 
neural or endocrine peptides makes 
interesting reading (Table 2). Anuran 
cutaneous glands arise from the specialised 
ectoderm of the region adjacent to the 
embryonic neural plate and neural crest. 
They thus have a common origin with 
cells producing the brain and intestinal 
peptides which we have been considering 
and presumably they have evolved, in 
paralle! with the nervous system, as a 
response to the(hostile) external environ- 
ment. 

A similar problem is posed by the 
existence of peptide products which are 
common to the nervous system, pituitary 
gland, gastrointestinal tract and placenta. 
Notwithstanding the nomenclature by 
custom attached to its principal layers, the 
cells of the endocrine placenta can be 
seen to arise from the neuroectodermal 
epiblast of the yolk sac, a layer which is 
continuous with the epiblast of the neural 
plate (Takor and Pearse, in preparation). 
Thus the many peptide hormones pro- 
duced by the placenta can be linked with 
their counterparts in other regions. 

The work of Steiner et al. (Rec. Prog. 
Horm. Res., 25, 207; 1969), on proinsulin 


Nervous system 


Mammalian peptide 
Endocrine system 


Gastrin Gastrin, CCK 

Gastrin Gastrin, CCK 

Substance P Substance P 

Substance P Substance P 
= Bombesin 


biosynthesis, provided protein chemists 
with a basis for several currently popular 
theories on the molecular evolution of 
peptide hormones. Steiner’s own theory 
deriving insulin by way of a protopro- 
insulin from an ancestral intestinal 
protease, and Adelson’s (Nature, 229, 
321; 1971) enterosecretory hypothesis 
deriving most peptide hormones from 
the entoderm of the primitive gut, seem 
to require reconsideration. Exact know- 
ledge of structural correlations between 
brain and intestinal endocrine peptides 
is essential to proper understanding of 
their molecular evolution. Continued 
search for these peptides must be made in 
the earliest available vertebrates and in 
the invertebrate kingdom also. 

For embryologists a clear challenge is 
posed by the close relationships now 
observed between neurotransmitter and 
endocrine peptides. In the hands of 
experimental embryologists the biological 
marker technique using avian chimaeras 
(Le Douarin, Bull. biol. Franc. Belg., 103, 
435; 1969) has provided watertight evi- 
dence for the neural crest origin of a 
number of cells in the APUD series. 
Operative techniques of excision or 
exclusion (Andrew, J. Embryol. exp. 
Morph., 31, 589; 1974; Pictet er al., 
Science, 191, 191; 1976) have so far 
shown only that the gastrointestinal 
endocrine cells probably do not come 
from the definitive neural crest. Where 
they do come from is thus the problem 
that remains for the techniques of 
experimental embryology to answer. 

Unquestionably the real future lies with 
the new science of molecular embryology. 
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This alone can provide an answer to the 
central question—how are individual 
cells in the embryonic epiblast pro- 
grammed for neuroendocrine function 
and how, and at what stage, are the fur- 
ther series of instructions added which 
determine the ultimate endocrine function 
of each of the original cells? Already (Le 
Douarin, Med. Biol., 52, 281; 1974) we 
have learnt something of the timing and 
nature of the later stages of instruction 
but it is the problem of elucidating the 
earliest stages which provides the real 
challenge to experimental ingenuity. 


Cathodoluminescence 
of dislocations 


from John Walker 


DisLOCATIONS—misplaced planes of 
atoms which disturb the regular perio- 
dicity of otherwise perfect crystals 
are important both theoretically and 
technically. They reduce a material’s 
mechanical strength and affect its 
electrical properties; the quality and 
yield of electronic devices are inversely 
correlated with dislocation density. 
Hence dislocations have been exten- 
sively studied, and various techniques 
are used to observe them, including 
X-ray topography, electron microscopy 
and etch pit formation. A recent paper 
by Kiflawi and Lang (Phil. Mag., 33, 
697-701; 1976) has demonstrated that 
a new weapon—cathodoluminescence— 
can be added to the technological 
armoury. 

Cathodoluminescence is the release 
of light induced by electron bombard- 
ment, just as occurs in a television 
(cathode ray) tube. In earlier papers 
Lang and his colleagues showed that 
the growth history of a diamond crystal 


Fig. 1 


could be studied using cathodolumines- 
cence, and reported the existence of 
defects, suspected of being dislocations, 
which emitted a linearly-polarised blue 
luminescence. The most recent report 
demonstrates in a diamond a one to 
one correspondence between disloca- 
tions (as revealed by X-ray topography) 
and the blue-emitting lines (see Fig. 1); 
this proves beyond doubt that they are 
dislocations. 

Features that appear in Fig. 1b but 
not Fig. la are dislocations which are 
too deep in the crystal to be observed 
in cathodoluminescence. Features in 
Fig. la that do not appear in Fig. 1b, 
although linear, are not dislocations. 
rheir emission is not polarised and does 
not saturate in intensity with increased 
electron beam current, unlike the dislo- 
cation lines. 

One problem with cathodolumines- 
cence in the topographical examina- 
tion of crystals is that it is limited to 
a layer within 100 am of the surface by 
the penetration depth of the electrons. 
Consequently crystals need to be cut 
according to the surface to be studied. 
Furthermore, the crystal must be trans- 
parent to the emitted radiation. Dia- 
mond is ideal in this respect, because 
it transmits well into the ultraviolet, 
and can therefore be examined visually. 

A great advantage of cathodolum- 
inescence is its power of discrimination. 
Different types of feature can be dis- 
tinguished easily. The possible variables 
are colour (blues, greens, yellows and 
pinks have been observed so far), 
polarisation of the light, and variation 
of luminescent intensity with electron 
beam current (some features saturate, 
others do not). No doubt cathodolum- 
inescence will be used a great deal in 
the future for the study of dislocations 
and growth features in crystals. oO 


d 


dislocations in a natural diamond. 
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How closely did the 
continents 
fit together? 


from A. Hallam 

A FUNDAMENTAL tenet of plate tecto- 
nics, that amount of crust created at 
oceanic ridges must equal the amount 
subducted elsewhere, has recently been 
challenged in a stimulating paper by 


Owen (Phil. Trans. R. Soc., A281, 
223; 1976). He has argued that the 
components of Wegener's supercon- 
tinent Pangaea moved apart as a con- 
sequence of 20% expansion of the 
Earth’s diameter since the early 
Jurassic, less than 200 million years 
ago. This iconoclastic view is very 
radical in terms of physical theory 


and is no more likely to be widely 
accepted than the similar view put for- 
ward some years ago by the Australian 
geologist Warren Carey. Bearing in 
mind the unfavourable reaction to 
Wegener's continental drift hypothesis 
earlier this century, and its subsequent 
history, it behoves earth scientists to 
preserve an open mind on such mat- 
ters, but they have the right to demand 
compelling evidence in favour of earth 
expansion and a clear demonstration 
of the inadequacy of current global 
tectonic theory. 

It can hardly be said that Owen is 
especially convincing on either count, 
which is not to say that he makes no 
telling points. The gist of his argument 
is geometric, that the celebrated 
Bullard fit of the Atlantic continents, 
and its successors such as the Smith 
and Hallam fit of the Gondwana con- 
tinents, pose awkward problems of 
continental overlap and misfit which 





Correspondence between cathodoluminescence images (a), and X-ray diffraction contrast images (b), of individual 
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have not been adequately explained 
away. For example, many geologists 
have been worried by the loss of much 
of Central America in the Bullard fit, 
despite the fact that extensive areas of 
old continental rocks occur there, and 
attempts to get round this problem by 
seemingly arbitrary ad hoc tectonic 
displacements and rotations, have 
lacked plausibility. 

Likewise, if one adopts the Smith- 
Hallam fit, West Antarctica does not 
run naturally into its obvious geological 
continuation in Patagonia. More dıs- 
turbing perhaps, a large gap is left west 
of Australia, which has led to the sug- 
gestion that the Wharton Basin ın that 
region was ancient ocean, now dis- 
proved by the Deep Sea Drilling Pro- 
ject which, has demonstrated that the 
basin is underlain by oceanic crust as 
young as elsewhere. On the other hand, 
fitting India against Australia, as others 
have done, leaves a corresponding gap 
in the western Indian Ocean. 

Such problems can indeed be re- 
solved, as Owen points out, by ex- 
tremely rapid Earth expansion, but be- 
fore leaping to such a drastic conclu- 
sion it is worth looking more closely at 
the original computer least squares fit 
pioneered by Bullard and his col- 
leagues. This and subsequent fits were 
taken at the 500 fathoms (~1,000 m) 
contour for purely geometric reasons, 
because this gives the best fit and 
usually lies on the steepest part of the 
continental slope and is therefore well 
defined. It is only strictly valid if it 
coincides closely with the boundary of 
continental and oceanic crust, but 
geological and geophysical evidence has 
been accumulating that this is not the 
case. 

Thus Talwani and Eldholm (Bull. 


geol Soc. Am., 83, 3575; 1972) argue. 


persuasively that the extensive Voring 
Plateau off Norway, with an average 
depth of 2,000 m, is subsided and thin- 
ned continental crust. Similarly, Jansa 
et al. (Geol. Surv. Canada Pap. 74-30, 
51; 1975) make a convincing case for 
a wide zone off the Nova Scotia, 
eastern Newfoundland and north west 
African shelves as subsided continent, 
and suggest that the 3,500 m contour is 
a geologically more realistic estimate 
of the true continental edge. Very 
similar evidence and arguments have 
been put forward for the region off- 
shore of Angola by Burollet and 
Byramjee (Notes Mém. Comp. Fr. 
Pétroles, no. 11, 71; 1974), leading to 
the same conclusion. An important im- 
plication is that a sector of subsided 
and attenuated continent well over 
1,000 km wide in places must exist be- 
tween Africa and America, and that 
the so-called Quiet Magnetic Zone is 
not entirely oceanic, as hitherto almost 
universally accepted by marine geo- 
physicists. 


Ane 
Aa nee 


A hundred years ago 

Various sanitary measures (according 
to Dr Tholozoan) have recently been 
adopted by the Turkish and Persian 
Governments with reference to the out- 
break of plague, which commenced in 
Mesopotamia in the early part of the 
year. Since the beginning of March a 


sanitary cordon has been established on 
the north of the invaded territory, on 


the most frequented route of Kurdistan 
and Syria, between Tecrit and Kilfri. 
On the south a quarantine of fifteen 
days is obligatory since Apml 1 on all 
vessels sailing on the Tigris and the 


Euphrates It is at Kourna. at the 
confluence of these rivers. The ports 
of the Persian Gulf are protected by a 
quarantine which vessels from affected 
localities have to undergo at the island 
of Kezzer, formed by junction of the 
Chotel Aral and Karoun. Since April 
10 all communications by land between 
Persia and Mesopotamia are subject to 
a quarantine of fifteen days. For three 
years, it may be added, all pilgrimages 
into the infected country, by Persian 
subjects, have been interdicted. 

from Nature, 14, July 6, 218; 1876. 





Burollet and Byramjee extend their 
zone of subsided continental crust 
round to the East African offshore zone 
and elsewhere, which ‘has a significant 
bearing on the arguments recently put 
forward by Kent and Tarling (Nature, 
261, 304, 1976) against a fit of Mada- 
gascar snugly against Kenya and Tan- 
zania. This they dismiss as implausible 
because of the known extent east of 
these mainland countries for hundreds 
of km of a thick sequence of late 
Palaeozoic and younger shallow marine 
and continental sediments. Kent and 
Tarling treat this as an argument for a 
more southerly former position of 
Madagascar, thereby dismissing with- 
out obvious justification palaeomagne- 
tic evidence to the contrary, instead of 
appreciating that all that may be at 
fault is the geologically implausible 
tightness of fit if the 500 fathom con- 
tour is used. In this connection it is 
interesting to note that some new 
palacomagnetic data just published 
supports the northerly fit for Mada- 
gascar (McElhinny and Embleton, 
Earth planet. Sci. Lett , 31, 101; 1976). 

Much more research on continental 
margins around the world will have to 
be undertaken before an accurate new 
continental fit can be reliably attemp- 
ted, but already it seems likely that 
most if not all of the apparent geo- 
logical inconsistencies of the older fits 
wil magically disappear, and the Tethys 
will not seem such an awkwardly east- 
ward gaping ocean. o 
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Future of space 
science 


from S. I. Rasool 


A symposium on the Future of 
Science in Space was held as part of 
the 18th COSPAR meeting which 


took place in Philadelphia on June 
7-18, 1976. 





THE future of space science is becoming 
a matter of grave concern to the space 
scientist. The national space science 
budgets have considerably declined in 
their buying power and for the large 
pool of space experimenters in the West- 
ern world opportunities seem to be few. 
At the same time the exploratory phase 
in many disciplines is over. The days 
are long gone when a simple magneto- 
meter, a geiger counter, or a TV 
camera flown anywhere in space or to 
a nearby planet would make an instant 
discovery Although the potential for 
major discoveries about the Universe 
1s still great in some of the fields (such 
as infrared, ultraviolet and gamma ray 
astronomy) the emphasis in space 
science 1s going to be more towards 
“why” than “what”. This immediately 
implies more sophisticated and cor- 
relative experiments in space, large 
space telescopes and observatories to 
study the remote regions of the 
Universe and more detailed study `of 
the planets with orbiters, Janders and 
probes rather than with flybys. 

What are the chances that space 
science will progress at the same vigor- 
ous pace as it has done over the past 
two decades? What should be the 
major thrusts and priorities? What are 
the national policies towards space 
science? These were some of the ques- 
tions discussed in a one and one-half 
day symposium and panel discussion 
convened by COSPAR (International 
Committee on Space Research) during 
its recent meeting. 

If the objective of the organisers 
was to get a unified view of things, the 
meeting was a disappointment. Six 
individuals from six different countries 
not only gave a variety of views but 
made six different kinds of presenta- 
tions. They ranged all the way from 
topical and systematic descriptions of 
future thrusts in space research to a 
philosophical discourse on the art of 
extrapolation and on the meaning of 
utopia. A few themes did recur and 
are noteworthy space research in the 
future will be more focused and will 
need more justification; with the 
advent of the Shuttle, the cost of doing 
science will, it is hoped, go down; 
space science cannot survive in isolation, 
it should be integrated with classical 
disciplines in science; high energy 
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astrophysics has a great future in space 
and the Space Telescope is the next 
logical step in optical astronomy; the 
scientific aspect of remote sensing of 
the earth will be emphasised more, 
while considerable thought should be 
given to studying the planets from 
earth orbiting telescopes. 

Representatives from the European 
Space Agency (ESA) and NASA who 
joined the speakers for the panel dis- 
cussion sounded optimistic about the 
future of space science in the total 
programme. ESA has a new science ad- 
visory structure to optimise the science 
input in the programme planning. 
NASA views space exploration closely 
tied to the biological imperative—the 
challenge of the unknown—and there- 
fore a vigorous programme of space 
science and exploration has been and 
will be supported by the American 
public. A large Space Telescope, high 
energy observatories, probes to planets 
and a possible sample return from 
Mars may be the highlights of the;US 
space science programme in the. next 
decade. It appeared from the state- 
ments of the Soviet representatives that 
the Soviet emphasis on Venus will con- 
tinue. In space astronomy, radio inter- 
ferometry may be emphasised and in 
magnetospheric physics, active experi- 
ments to understand plasma inter- 
actions. An earth surface mineral re- 
sources survey was also mentioned by 
the Soviet scientists. 

What was really accomplished at 
this Symposium is not clear and 
apparently not many people expected 
much to happen either: of the 600 or 
so participants at this year’s COSPAR, 
the audience for this Symposium pro- 
bably never reached the 100 mark. © 


Trees in the tropics 


from P B. Tomlinson 


The Fourth Cabot Symposium held 
at Harvard Forest, Harvard Uni- 


versity, April 26-30 had as its sub- 


ject Tropical Trees as Living 


Systems. 


AN appreciation of the need for an 
understanding of tropical forests in 
terms of the individual diversity of tree 
species was the theme of the 
Symposium The enormity of this task 
is indicated by the floristic diversity of 
woody plants in the tropics In 
Malaysia, for example, M. E. D. Poore 
(J Ecol., 56, 143-196; 1968) found in 
a survey of 23.0ha, 2,773 tree-sized 
individuals with a trunk girth greater 
than 91 cm, representing 375 species, 
139 genera and 52 families. To obtain 
an equivalent diversity in a temperate 





flora one would have to map an area 
equal to a quarter of the United States. 
The systematic assessment of tropical 
tree floras is still incomplete, while 
most aspects of structure, growth, 
function, reproduction, and ecology 
remain uninvestigated. Generalisations 
about the biology of woody plants are 
still determined with temperate trees 
in mind, the more balanced view which 
might be obtained if tropical species 
were better understood has yet to be 
established. Consequently the unique- 
ness of this symposium was its examin- 
ation of the tree as an individual, with 
a focus on many functional processes, 
and its attempt to deal mainly with 
tropical examples. The programme was 
so arranged that a gradual progression 
from a detailed consideration of con- 
struction and physiology led naturally 
to an appreciation of the tropical forest 
as a complex of interacting and highly 
diverse units. The result was an over- 
view of our current understanding of 
aspects of the biology of tropical trees 
and the proceedings which are to be 
published should stimulate research on 
woody plants in the tropics. 

Early sessions dealt with evolution, 
genetic diversity, and especially mor- 
phological patterns of organisation. 
The broad perspectives sought were in- 
dicated by the opening discussion of 
palaeobotanical evidence for the evolu- 
tionary origin of tropical trees and 
forests by J. Doyle (University of 
Michigan) which made the point that 
a better understanding of functional 
morphological relationships of leaf 
architecture would permit more con- 
clusive palaeontological evaluation of 
theories of vegetative evolution in 
angiosperms. It was, therefore, appro- 
priate that there should be a sub- 
sequent discussion of the adaptive 
Significance of compound leaves by 
T. Givnish (Harvard University), This 
kind of interaction occurred through- 
out the meeting. 

Tree architecture provided a frame- 
work for ample discussion, with 
emphasis on different kinds of trunk- 
branch axis differentiation in producing 
optimum patterns of leaf arrangement. 
The way in which the tree can often 
be regarded as a modular composition 
of equivalent units was emphasised by 
M.-F. Prévost (ORSTOM, Apiodoumé, 
Ivory Coast). Of the many examples 
of crown construction presented, none 
was more distinctive than that of the 
genus Araucaria. In New Caledonia 
J M Veillon (ORSTOM, Noumea) 
showed that most species produced 
repeating crowns since the first genera- 
tion of branches developed by the 
trunk is succeeded by two or more 
subsequent ones originating from late- 
developing branches, the successive 
crowns overlapping each other like a 
nest of coffee tables. The need for a 
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better appreciation of the complex 
hormonal control of branch expression 
was emphasised by A. Longman (Unit 
of Tree Biology, Institute of Terrestrial 
Ecology, Edinburgh) and G. Browning 
(University of Wales, Aberystwyth) but 
no better indication of the resulting 
regularity which is possible was found 
than in the quantitative analysis of 
Terminalia by J. B. Fisher (Fairchild 
Tropical Garden, Miami). This repre- 
sents the first such precise analysis of a 
crown form familiar to tropical travel- 
lers and further demonstrated another 
common theme of the symposium, that 
quite simple methods and approaches 
can generate important new ideas. At 
the same time modern technology has 
its place, as was shown by R. Borchert 
(University of Kansas) whose computer 
simulation of shoot extension, based on 
known examples, suggests the existence 
of endogenous control of rhythms of 
shoot extension. Tropical trees are not 
necessarily subject to marked seasonal 
variation in climate and why shoot 
growth is usually not continuous is 
intriguing. 

In the area of reproductive biology 
F. Ng (Forest Research Institute, 
Kepong) showed a greater diversity of 
seedling morphology in the tropics than 
the terminology devised for temperate 
trees can accommodate, with the 
obvious ecological implication of suc- 
cessful tree establishment as the basis 
for his study. The strategies that 
tropical trees have evolved in the eva- 
sion of seed predators were discussed 
by D. H. Janzen (University of Michi- 
gan). Predator pressure can be enorm- 
ous and it was reassuring that J. 
Sarukhán (Universidad Nacional Auté- 
noma de Mexico) could find survivors 
enough to make demographic studies 
of continuing populations of forest 
trees. 

The several speakers who attempted 
an analysis of the forest itself were 
unanimous in presenting it as a 
dynamic system. R. A. A Oldeman 
(Mission ORSTOM, Ecuador) provided 
a provocative view of the forest as a 
population of trees whose developing 
architecture was the result of their 
individual ability to adapt to available 
energy levels through repeated cycles 
of growth. A contribution in which the 
data had been collected by University 
students (P. A. Ashton, University of 
Aberdeen) was particularly welcome 
since the tropical rain forest is an ideal 
training ground for future ecologists. 

in all, 28 speakers from 13 countries 
participated. Such an overview is timely 
in view of the current rapid destruction 
of tropical forests, which was com- 
mented on repeatedly. At present the 
rate of increase in our understanding 
of tropical ecosystems is far exceeded 
by the rate of their destruction. Any 
corrective influence is appropriate. [ 
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Quasars and the cosmological distance scale 


M. Rowan-Robinson* 





There has been continuing controversy about the distances of the quasars since their discovery 13 years 
ago. Here one of the proponents of the view that at least some quasars are “local” explains why 
he now believes quasar redshifts are cosmological. 





Twice this century the cosmological distance scale has been 
the subject of famous debates. In 1920 Shapley and Curtis! 
debated whether the spiral nebulae formed part of the Milky 
Way system. Fifty-two years later, in December 1972, Arp and 
Bahcall? debated whether the redshifts of quasars are cosmo- 
logical. 

Both debates were inconclusive at the time. Shapley was 
correct in his estimate of the vast overall dimensions of our 
Galaxy: bui on the question at issue he was wrong. In the 
second debate interesting and suggestive arguments (and not a 
few weak ones) were presented both for the “cosmological” 
and “local” interpretations of quasar redshifts, but neither 
proponent was persuaded to yield ground. ^A compromise 
solution, that two types of quasar exist, one type local, the other 
cosmological®, was unacceptable to both. Has the balance of 
the evidence shifted in the past three years? I believe that it 
has, and in this review I will try to explain why. For a more 
complete bibliography, the reader should consult Field et al.? 
and the more recent article by Burbidge’, whose conclusions 
are the opposite of those expressed here. 

The 1972 Arp—Bahcall debate rested on 7 main kinds of 
argument; (1) the redshift-distance relationship for normal 
galaxies, (2) continuity between quasars and other types of 
active and compact galaxy, (3) quasars in the directions of 
galaxies and clusters of galaxies with the same redshift as the 
quasar, (4) quasars in the same direction as bright galaxies of 
much lower redshift, (5) luminous filaments connecting galaxies 
and quasars with very different redshifts, (6) the overall 
distribution of quasars on the sky, (7) non-velocity redshifts 
in normal galaxies. 

While the anomalies (4)-(7) have been neither impressively 
augmented in the interim, nor decisively eliminated, the evidence 
under (1) and (2) has strengthened considerably. 


The redshift—distance 
relationship for normal galaxies 


In a classic series of papers Sandage and Tammann®"!! have 
put the redshift-distance relationship discovered by Hubble 
and Lundmark on to a solid basis, and have removed the pos- 
sibility of any strong deviation from this linear behaviour 
within 200 Mpc. 

In the first two papers®*, galaxies of the Local Group and of 
the nearby M81 group (3.25 Mpc away), for which distances 
can be established from Cepheid variable stars (assuming the 
known distance of the Hyades cluster), are used to calibrate 
two methods that can be used for more distant galaxies: the 
optical size of the largest H II regions in galaxies and the lumin- 
osity of the brighest stars ın a galaxy. In both cases the quantities 
to be used as distance indicators depend on the luminosity and 
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type of galaxy concerned, and this dependence has to be 
obtained from these nearest galaxies. In the third paper’ those 
two methods are used to determine the distance of the M101 
group of galaxies (7.2 Mpc), important because it provides the 
nearest example of an Sc galaxy of luminosity class I. van den 
Bergh?” found that the appearance (surface brightness, degree 
of development) of spirals arms is correlated with the luminosity 
of the galaxy, and may be used to provide a luminosity classifi- 
cation of spiral galaxies. In the fourth paper® the same two 
methods are used to get the distances of 39 Sc galaxies with 
distances in the range 3-20 Mpc, and hence to calibrate the 
van den Bergh luminosity classes. In the fifth paper’ 
distances to groups of galaxies within 30 Mpc are determined 
both by the H IT region method and by Sc luminosity classes. 
The latter method 1s also used for more distant galaxies (to 
50 Mpc). A convincing redshift-distance relation is obtained, 
the constant of proportionality being Hyp =57+3 km s ~! Mpc 
(the Hubble constant) and this linear relationship is ‘‘not only 
as isotropic as it can presently be determined (30 [AH/H] ~ 
30%), but the flow is also as quiet as we can measure it”. In 
fact Sandage and Tammann allow only o(Ay) < 50 km s7! 
as ‘‘a generous limit for the mean random motion” (of galaxies 
about the Hubble flow). In the sixth paper! the authors use 
a sample of remote Sc I galaxies (out to 200 Mpc) to determine 
H, = 55+6, Finally Sandage™ uses a further remote sample 
of galaxies, from the Southern Hemisphere, to check the 
isotropy of the Hubble flow. 

Sandage?* had earlier shown, continuing the programme of 
Humason, Mayall and Sandage", that the brightest galaxies in 
rich clusters show a good correlation between magnitude and 
redshift, consistent with the Hubble relation together with 
the assumption that the luminosity of the brightest galaxies 
in clusters are all the same. This pushes the frontier to which 
the Hubble law has been tested to almost 3,000 Mpc. 

Sandage and Tammann have concentrated on the four 
distance methods: Cepheids, H II regions, bright stars and 


‘ Sc luminosity classes. van den Bergh" reviews distance estimates 


to the nearby Magellanic clouds by 11 different methods and 
shows that the methods broadly agree with one another. He 
also reviews the results of 12 methods of determining Hy and 
arrives at a weighted mean of 9347. Most of these methods 
have, however, large uncertainties and the Sandage and 
Tammann value of 55 is within 2.66 of all of them. It is also 
not clear that most of these methods have been calibrated with 
the same care as the Sandage and Tammann programme, ' 
especially for correlations of the chosen indicator with galaxy 
type and luminosity. The most important alternative method 
is one based on the expansion rate of supernovae?®, which is 
completely independent of the whole elaborate distance ladder 
built up from the Hyades cluster. This yields H, = 60-15, 
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an impressive and rather remarkable confirmation of the 
Sandage and Tammann distance scale. 


Dissenting points of view 


Three of the main dissenting points of view focus on the 
questions of calibration, the Local Supercluster, and the 
so-called Rubin-Ford anomaly. The sceptic might also ask 
a fourth question: will the Hubble constant be reduced further? 

Two criticisms have been directed at Sandage and Tammann’s 


calibration of their distance scale Madore! has argued that . 


additional corrections need to be applied to the determination 
of distances using Cepheid variables, which would have the 
effect of increasing Ho, and Denmat ef a/.*§ claim that with the 
Sandage and Tammann Sc luminosity class calibration, Ho 
is different when determined by galaxies in different classes. 
If van ‘den Bergh’s original calibration 1s used, however, this 
difference disappears: an embarrassing side effect is then that 
H, decreases with distance. A dependence of the Hubble 
constant on distance had earlier been claimed by de 
Vaucouleurs?®. 

Because of the rather small number of galaxies available 
for the calibration of each luminosity class, it is rather difficult 
to decide between an incorrect calibration of the relative 
luminosity of the different classes, and a dependence of Hy 
on distance. The linearity of the magnitude-redshift relationship 
for brightest cluster galaxies! shows that such a dependence 
can only occur for distances nearer than the Virgo cluster, 
which fits well on to the relation for other clusters. An important 
argument against a dependence of H, on distance is therefore 
that the value of H, determined from the Virgo cluster alone® 
agrees well with that determined from all nearby galaxies. 

The second issue ıs the long standing one of the local super- 
cluster. de Vaucouleurs” has argued that the prominent band of 
galaxies across the north Galactic pole and passing through 
the Virgo cluster constitutes a disk-like “supercluster” of 
galaxies with the centre at Virgo and ourselves at one edge. 
The Sandage and Tammann programme deals a severe blow 
to this hypothesis, since they find no deviation from the linear 
Hubble flow correlated with direction along the supergalactic 
plane, or towards and away from Virgo. Jones?! has argued 
that the local galaxy distribution can be understood in terms 
of Virgo being a rich cluster of normal dimensions (diameter 
~ 4 Mpc, instead of ~ 40 Mpc for the supercluster). de 
Vaucouleurs has, however, reiterated his case for the existence 
of the supercluster, using evidence from nearby galaxies??, 
hydrogen clouds?’, groups of galaxies‘, and clouds of galaxies”. 
In each case the number of objects seems rather small for a 
significant determination of distribution on the sky. A further 
problem 1s the strong effect of galactic obscuration below 
galactic latitude 5=40°, so that only about one third of the 
sky can be studied ina relatively unobscured direction. 

Third, cosmologists have been perplexed by the Rubin-Ford 
anomaly. Rubin, Ford and Rubin* studied a sample of 
50 Sc 1 galaxies with 14 S mp, S 15, and 4,000 < vy < 7,500 
km s~. They found different mean velocities for two hemi- 
pheres of the sky corresponding to a velocity of 700 km s 
for the Solar System relative to these galaxies. Since our 
velocity relative to the microwave background 1s < 300 km s7! 
(ref. 27), a paradox of Michelson—Morley proportions seemed 
to be emerging. Jaakola et al/.?® claim a difference in the 
redshift distribution for compact galaxies with absorption 
spectra, over the two Rubin-Ford hemispheres, but only at 
the 20 level. 

Sandage and Tammann’? find no evidence for a difference in 
Ho between the two hemispheres when velocity-limited samples 
are studied. They conclude that the effect is due to the bias 
introduced by a magnitude-limited sample of a population in 
which there 1s an appreciable spread in the luminosity. 
Hartwick” discusses the contribution of interstellar absorption 
to such an effect. 

Finally, the value of H, first given by Hubble®® was 500, 
since when the accepted value has been steadily reduced. 
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Have we reached the end of the road, or will there be yet 
another downward revision in a decade’s time? Tammann?! - 
explains why the corrections have always tended to be down- 
wards: “one 1s basically reluctant to accept the existence of 
objects which are much brighter and much larger than those 
one has previously experienced in the immediate neighbour- 
hood”. The value H, = 55 leads to an expansion time for the 
Universe, if the redshift is interpreted as due to recession, 
of 1.9x 10" yr, compared with the age of our Galaxy of 
1 x 101.5 x 10?° yr, fitting in well with the idea of a ‘big bang’ 
universe in which galaxies form early on. 

(There is, unfortunately, no direct evidence for interpreting 
the redshift as due to recession. The success of the big bang 
picture in explaining the microwave background, the primor- 
dial abundances of He and D, and the age of our Galaxy, 
constitute powerful indirect evidence Most of the discussion 
of this article is independent of the interpretation of the 
redshift.) i 

At present it is hard to imagine H, lying outside the range 
30-100, but there are two arguments which might eventually 
force a lower value If the local supercluster could be shown 
to be a real object 40 Mpc in size, then for it not to be the 
largest cluster in the Universe, Hy might have to be as low 
as 10. But the recession velocities of local supercluster galaxies 
would then be anomalously large. Second, the revision of stellar 
evolution theory needed to explain the low solar neutrino flux 
could substantially increase the life of stars on the main se- 
quence, and hence the age of the oldest stars in the galaxy. 














Fig. 1 Colour-colour (U-B against B-V} diagram for quasar 
(@, ref 40), N galaxies (O, ref 37) and Seyfert galaxies (+, 
refs 38, 39), together with mixture lines calculated by combining 
the light of a normal galaxy with that of a quasistellar nucleus, 








in different proportions (spiral at z = 0, B-V = 1.05, U-B = 
062; solid curve (ref 38), elliptical at z = 0 1, B-V = 1 3, 
U-B = 053: broken curve (ref 37)) The circled dots at 
(0 36, —0 87), (0 58,—0.65), (0 41,—0.74), (0 64,—0 78) denote 
B46, B264, B340 and Ton 256, respectively, which have been 
classified as quasars, but which are fuzzy The pomts labelled 
A and B on the spiral and elliptical loci, respectively, denote 
the pomts at which the visual light from the quasistellar core 
equals that from the galaxy No Seyferts are found to the left 
of A and no N galaxies are found to the left of B 
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Fig. 2 Comparison of the absolute visual magnitudes of the 
quasistellar (My,g) and galaxy (My,c) components in Seyferts 
(+, refs 38, 39, 42), N galaxies (O, ref. 37), BL Lac objects 
(O, refs 43-46) and optically selected QSOs (Ton 256 as filled dot, 
rest as arrows, refs 40, 47, 48). The redshifts of QSOs have been 
assumed to be cosmological, and H, has been taken as 50. Lines 
of constant x = PoclPog, the ratio of the visual light from the 
core to that from the surrounding galaxy, are shown B46, 
B264, B340, which are fuzzy, are shown as havıng 0 5 < x < 1, 
and the rest of the QSOs are shown with x > 1 or My,g > —24, 
the highest luminosity attained by galaxies. 


Continuity between quasars and galaxies 


The similarities between quasars and the nuclei of N galaxies 
and Seyferts have been commented on by many authors®?"*, 
Sandage?” showed that the colours of N galaxies as a function of 
aperture could be understood in terms of underluminous 
QSOs in the nuclei of normal giant elliptical galaxies. 
Weedman*® and Penston et al.® have shown a similar relation- 
ship between Seyfert nuclei and spirals. Fig. 1 shows the 
colour-colour diagram for quasars, N galaxies and Seyferts, 
together with the loci obtained by adding quasars of different 
luminosity to normal elliptical and spiral galaxies. 

Kristian‘! showed that amongst low redshift quasars, those 
with lower optical luminosity (assuming the redshift to be 
cosmological) tended to be fuzzy, while those of higher optical 
luminosity appeared stellar, which would be consistent with 
the idea of an underlying giant elliptical galaxy. Figure 2 
compares the optical luminosities of the quasistellar (pse) 
and galactic (Pog) components in quasars, N galaxies and 
Seyferts. We suppose that quasars whcth have been described 
as fuzzy lie in the band x=p,./Pog~0.5-1. If x Z 1 the object 
appears entirely stellar and is called a quasar. if x £ 0.5 the 
object is sufficiently fuzzy to be called an N galaxy or Seyfert. 
In between there ıs a domain of uncertainty where objects 
are classified as quasars or N galaxies by different observers 
(for example, Ton 256, B264). 
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‘The BL Lac objects 


The most interesting development of the past few years has 
been the discovery of the BL Lac objects. These are strong 
variable radio sources identified with QSOs of neutral colour, 
in which the spectra show no emission lines*®. This seems to be 
due to a steep decline with increasing frequency of the optical 
continuum (also responsible for the neutral colours), with a 
consequent deficiency of ultraviolet photons to excite the 
lines*? They are therefore simply quasars without an ultraviolet 
excess. 

Table 1 lists the properties of the BL Lac objects identified 
to date. Oke and Gunn*? succeeded in measuring the spectrum 
of the galaxy underlying BL Lac, with a redshift of z = 0.07. 
Baldwin et al.*, however, failed to find any features in their 
spectrum of BL Lac. Thuan et al.** confirmed the redshift of 

= 0.070-+0.005, on the basis of several normal galaxy lines 
and bands. It would be clearly desirable to have this result 
confirmed by independent observers. Other BL Lac objects 
which have had redshifts determined are P0735+ 178", 
P0548— 32245, AP Lib‘ and B2 110143852. The separation 
into galactic and.quasistellar components has been performed 
for BL Lact, P0548 — 32245 and AP Lib*, and they are included 
in Fig. 2. For AP Lib. x~3, and for BL Lac, x ~ 10 when 
observed by Oke and Gunn’, so these objects are firmly into the 
quasar band in Fig. 2. The identification of underlying galaxies 
in these objects is therefore one of the strongest pieces of 
evidence that quasars occur in galaxies. The high optical 
luminosity achieved by BL Lac at maximum removes any 
rationale for treating the quasars with flat spectrum, compact 
radio sources as a local population with properties similar 
to the low luminosity sources seen in Seyfert nuclei’. This type 
of activity is clear possible over a wide range of luminosity, 
up to the range seen in quasars, and no advantage is gained 
by the “local” hypothesis. ' 

The strong variability of some quasars and BL Lac objects 
suggests that they may sometimes be found ın a quiet phase, 
with x < 1/2, that is, becoming N galaxies. Spectra and photo- 
graphs taken at these phases should show evidence of an under- 
lying galaxy. Figure 2 shows, however, that the notion that 
QSOs are only to be found in giant ellipticals should be dropped. 
B154 and B234 show no fuzz even though they are respectively 
1.6 and 3.2 magnitudes fainter than the mean for brightness 
cluster ellipticals. These QSOs can be occurring only in galaxies 
of modest optical luminosity. 

Finally the case of 3C48 should be mentioned. Wampler 
et al. succeeded in detecting emission lines from hot gas 
associated with the nebulosity surrounding this quasar. The lines 
are narrower, and have a slightly larger redshift, than those of 
the central quasar, thus ruling out the gravitational redshift. 
The high optical luminosity of 3C48 (M, = —25.5) makes it 
unsurprising that an underlying galaxy was not detected. 


Associations on the sky 


Arp? has emphasised how apparent associations on the sky 
have an important role in establishing the conventional distance 
scale for galaxies. Groups and clusters of galaxies seen in a 
particular direction on the sky are normally assumed to be 
at the same distance. 

Several quasars of low redshift have’been found to be “near” 
galaxies and groups of galaxies of the same redshift (Table 2a), 
presumably establishing the cosmological nature of the red- 
shift in these quasars (but this ıs disputed by Burbidge and 
O’Dell®*), It is unfortunate that all the clearcut cases of this 
type are quasars with extended double radio sources, for 
which the continuity of the radio dimensions with those in 
radio galaxtes and the fall off of angular size with redshift 
already support the cosmological interpretation 

The best case involving a compact radio-source quasar is 
4C11.50B = 1548+ 115a®, but here two quasars are found near 
a group of galaxies®!®2, one with the same redshift as the 
group®*, one much larger, and it is unclear which 1s responsible 
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Table 1 Properties of BL Lac type objects 





Name Redshift B 

P0048 —097 = OB—080 17.08 
0219 + 42 = 3C66A 15.71 
AO 0235+164 16.2—18.2 
0300+47 = 4C47.08 = OE400 18(pg) 
P0537 —441 12.6-16.9 
P0548-322 0.042 15.6 
P0735+-178 = OJ158 = VRO 17.07.02 0.424 14.5-16 7 
MA0829 +04 15-16.9 
0851+20 = 03287 = VRO20.08 01 12.35-16.4 
B20912+29 15.1-17.0 
UT0954+ 556 = OK 591 = 4C55.17 
UTI020—103 = OL—133 = 16(V) 

MSH 10—107 
1057+-10.0 17.60 
B2 1101+38 0.0308 13.1 (pg) 
B2 11474-24.5 = OM280 16.28-16.61 
B2 1215+30 = ON325 13.9-16.0 
B2 1219+28 = W Com = ON235 13.2-17.2 
1514—24 = AP Lib = OR —225 0.0486 14.0-16.4 
1538+ 149 = OR165 = 4C14.60 14.4-17.8 
B2 1652+39 = Mark 501 0.0337 14.60 


1727+50 = I Zw187 = OT546 14 8-169 


1749+-09 = OT081 = LC 09.57 18(V) 
2200+ 42 = BL Lac = OY401 = 0.070 12.6-16.6 
VRO 42.22.01 : ; 

2207+02 19(pg) 
2254+07 = OY091 15.7-17 3 
P2335-+-03 18(pg) 


The spectral indices are taken from ref. 62. 
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(Jy) [S(@v)av"] for data (W Hz-?) 
8 20 0.45 53, 54 
0 0.91 0.3 55, 56 
1.4—2.8 57 
. 2.4 0.0 58, 54 
5.0 0.7 59-61 
9 0.23 0.52 45 —21.0 —21.0 24.2 
2 2.1 —0.04 51, 60 —26.3 27.2 
0.95 0.15 62, 60 
3.5 0.5+40.2 63,49, 54 
0.24 —0.35 62,53, 54 
3.53 0.28 64 
(1,415 MHz) 
0.7 —0.58 65, 66 
(1,415 MHz) 
0.19 —0.9 53, 67 
(2,700 MHz) 
0.54 _ 52, 54 (—23.2) 24.3 
0.59 0.13 53, 68 
0.33 —02+0.2 63, 49, 54 
1.2 0.25 69, 49, 54 
2.2 00 46, 63, —22.3 —21.4 25.3 
49, 54 
f 2.0 0.2 62, 60, 53 
2 20(408MHz) ‘70 (—22.7) (25.0) 
0.15 —0.4 63, 71, 54 
1.83 0.1 72, 68 
7.0 0.75 43,44, -—23.15 —22.86 26.2 
i 63, 54 to —25.5 
' 73 
10 0.154-0.1 62,60 
0.61 0.64 73,68 


The luminosities given in the last 3 columns are calculated assuming H, = 50. 
Note added ın proof: Twelve further possible BL Lac objects are given by Kinman?*5, E M Burbidge et al.1®* have measured the 
absorption time redshift of AO 0235+ 164 as 0.5240, with a possible second system corresponding to z = 0.85. 


for the associated extended double radio source. Argue et al,” 
propose that the double source, as well as the compact source, 
is associated with the smaller redshift quasar, but the centroids 
of the two emission regions are accurately aligned with the 
high redshift quasar. Clearly it is important to find unambiguous 
examples of low redshift, compact radio-source quasars in 
groups or clusters of galaxies. 

Many examples have also been given of quasars “near” 
comparatively nearby galaxies, of much lower redshift than the 
quasar (Table 25). Arp and G. R. Burbidge have been the strong- 
est proponents of the arguments that these associations are 
real and that the redshifts of many or all quasars include a 
substantial intrinsic component. Post hoc calculations of the 
probability of these associations have been adduced as support 
for this interpretation®-®*, but all such calculations are fallacious 
from a philosophical point of view. Evidence that such associa- 
tions are real must be of a statistical nature. A chosen large 
sample of bright (peculiar?) galaxies must be selected in 
advance, together with a comparable random set of positions 
on the sky as a control. Regions of the same size should be 


searched round each position in the two samples for quasars, 
and the redshifts determined. In this way clearcut evidence 
that quasars are to be found around bright galaxies can be 
obtained. 

The number of close associations found to date is not 
especially remarkablé. The number of quasars on the whole 
sky, N, brighter than magnitude Bg and within 2’ of a galaxy 
brighter than ma, 1s roughly 


logipN& 2.9+0.75(Ba—20)+0.6(ma — 15.7) 


using Sandage and Luyten’s** N—m relation for QSOs and 
the fact that there are on average about 1.6 galaxies per square 
degree in the Zwicky catalogue®. At present perhaps 1-2% 
of the sky has been searched for associations between quasar 
and Zwicky galaxies, giving a prediction of 8-16 such associa- 
tions as compared with the 12 given in Table 2. 

Two cases of pairs of quasars very close together (Ton 155, 
156, 35” apart’; 4C11.50a,b, 5” apart®»®2) have been given. 
It is interesting that Stockton® has. found a galaxy near 4C11.50 


ee 


Table 2 Associations of quasars with galaxies 





Year a, Associations with galaxies of the same redshift 

1969 B264 in cluster with z = 0.095 (75)* 

1970 i 7 : 

1971 P2251-+ 11 m cluster with z = 0 323 (76) 
Ton256 in cluster with z = 0.131 (76) 

1972 3C323.1 in cluster with z = 0.264 (77) 

1973 RN8& (near 3C61.1) in cluster with z = 0.184 
4C37 43 associated with galaxy z = 0.370 (79) 

1974 4C11 50a near galaxy with z = 0.436 (80) 

1975 : 


*Numbers in parentheses are ref. numbers. 


b, Associations with galaxies of different redshift (within 2’ arc) 


1108+285 1.1’ from NGC3561 (81) 
Mark205 42” from NGC4319 (82) 

3C232 1.9’ from NGC3067 (83): 

PHL226 0.8’ from ICI746 (83) 

3C455 23” from NGC7413 (84) 

P1021 —0.0 1.9’ from Zwicky galaxy (89) 
P2020 —37 0 15” from galaxy (86) 

P0038 —01.9 I 2’ from Zwicky galaxy (61) 
P0823+-03 3 1.7’ from Zwicky galaxy (61) 


Quasars 76” from IC1417, 95” from NGC5682 (87) 
QSO 58” from IC2402 (88) 
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with the same redshift as the low redshift quasar. Many more 
examples would have to be found (and again, in a well-defined 
search programme) to constitute evidence that these are real 
associations. 

The situation on luminous filaments connecting galaxies 
with very different redshifts?*’!°! remains inconclusive. 
Walker et al.!°? find no clear luminous connection between 
NGC4319 and Markaxian 205, or between the members of 
Seyfert’s Sextet. They confirm the reality of the arm linking 
NGC7603 to its companion, but find no evidence of interaction. 


Other evidence 

Among the additional arguments cited in favour of the cosmo- 
logical interpretation of quasar redshifts are (1) the decline 
with redshift of the maximum separation found in extended 
double radio sources in quasars}°#-?°? (2) HI absorption in 
quasars which may be due to an intervening gas cloud?0%108 
(3) interpretation of some ultraviolet absorption lines as due 
to molecular hydrogen between us and large redshift quas- 
ars!10-111 (4) various claims of correlations of optical and radio 
brightness with redshift (of somewhat doubtful significance 
in view of the wide range of quasar radio and optical 
luminosities). 

Supporting the “local” interpretation are (1) periodicities 
in the redshift distribution of quasars (and radio galaxies)'15-11” 
(2) excess redshifts in normal galaxies!!8-122 (3) rapid radio 
variations requiring ultrarelativistic velocities??? (such motions 
are anyway required in some radio galaxies and to understand 
multiple absorption redshift in quasar spectra). 

None of these arguments seems really decisive either way. 


Conclusion 

The establishment of the redshift-distance relationship for 
galaxies on what seems to be an impregnable basis, to the 
extent that any “intrinsic” redshift effect cannot exceed 50 km 
s71, and the evidence that QSOs occur in galaxies and with 
luminosities at least ten times that of the galaxy, removes 
any doubt from the present author’s mind that the redshifts 
of quasars are cosmological. Certainly there no longer seems 
to be any strong reason for maintaining that quasars with 
compact radio sources are local*1*4, While efforts to detect 
galaxies believed to underline quasars, and to find associated 
groups of galaxies, should clearly continue, supporters of the 
“local” hypothesis have to meet the challenge of pursuing a 
well defined, unbiased, controlled programme to demonstrate 
statistically the association of quasars with relatively nearby 
galaxies. On the present evidence I believe that such a pro- 
gramme will fail. 
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The Karari Industry: Early Pleistocene 
archaeological evidence from the terrain 
east of Lake Turkana, Kenya 


John W. K. Harris & Glynn Isaac 


Department of Anthropology, University of California, Berkeley, California 94720 





Information concerning the technology, land-use pat- 
terns and activities of early hominids is being recovered 
from the Upper Member of the Koobi Fora Formation. 
The term Karari Industry is proposed for a distinctive 
local series of artefact assemblages that date to the 
period between 1.2 and 1.6 Myr BP. 





THE area east of Lake Turkana (formerly Rudolf) is now 
well known for the large series of hominid and other fossils 
that Leakey et al. have recovered there!’ Researches in 
the area since 1970 have also yielded an abundance of 
archaeological traces that relate to the activities and 
behaviour of early hominids. Two series of archaeological 
occurrences can be recognised. An older series which occurs 
in the top of the Lower Member of the Koobi Fora Forma- 
tion, chiefly in the KBS Tuff complex, has been the subject 
of preliminary reports™®. The artefacts from these sites can 
be tentatively termed the KBS Industry A younger, con- 
trasting series has subsequently been discovered in the 
Upper Member. This is described here for the first time, 
and we propose that it be designated the Karari Industry. 


Provenance and stratigraphy 

Sites pertaining to the newly discovered archaeological 
entity occur in great profusion along a low eroded ridge 
that has come to be known to our research group as the 








Karari Escarpment (Figs 1 and 2) and we have used the 
association with this topographic feature in naming the 
industry Samples of the industry, however, have also been 
recovered from the dip slope to the east of the Karari 
escarpment, and from the Ileret area. The locations of 
known sites are marked on Figs 1 and 2, but other areas 
remain to be explored and it is probable that the distribu- 
tion will eventually prove wider than that shown. 

All sites are designated in accordance with the standard 
African site enumeration system’. The letters identify a 
series of geographic rectangles bounded by lines of latitude 
and longitude at one quarter degree intervals. Thus FwJi 
denotes the square 4°15’-30’N and 36°0’-15’E while FxJj 
refers to the square 4°0’-15’N and 36°15’-30’E. The 
digits that follow are catalogue numbers that reflect the 
sequence of registration. 

Table ‘1 summarises the stratigraphic relationships of the 
sites to each other and to the named units designated by 
Bowen and Vondra™ Along the Karari escarpment and on 
the dip slope to the east, the sites are stratified in fluviatile 
deposits between the KBS Tuff complex and the Karari 
Tuff. They are particularly abundant in the strata asso- 
ciated with the Okote Tuff complex (formerly the BBS 
Tuff complex)". They occur scattered through a cumulative 
thickness of some 50m of sediments in the Karari area. In 
the Ileret area the sites occur in low energy river floodplain 


Fig. 1 Isometric block diagram 
showing the position of the 
Karari and Ileret sites in relation 
to present-day physiography. 
Numbers 1-131 refer to the 
expedition area numbers; rect- 
angle designates the area shown 
in Fig. 2. 
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Fig. 2 Plan showing the location of sites along the Kararı 
Escarpment. The.geology is based on data from I Findlater. 
All two-digit numbers refer to site catalogue numbers within grid 
square FxJj. Four digit numbers are Kenya National Museum 
(KNM-ER) catalogue numbers for hominid fossils. Hatching 
shows outcrops of beds between the KBS and Kararı Tuffs. 


and delta floodplain deposits between the tuffs previously 
referred to as the Ileret Lower and Middle Tuffs’. These 
are correlated with the Okote Tuff complex The Ileret 
sequence is capped by the Chari Tuff, which is believed 
to correlate with the Karari Tuff, and thus the entire series 
of sites treated in this report can be said to derive from 
the stratigraphic interval between the KBS Tuff complex 
and the Chari-Karari Tuffs. Lake margin sediments that 
correlate with this interval also crop out in the vicinity of 
the Koobi Fora spit, but archaeological materials have not 
been recovered from these exposures. 

In biostratigraphic terms, the interval from which the 
samples of the Karari Industry derives coincides largely 
with Maglio’s Loxodonta africana zone”. 


Dating evidence 

Table 2 shows the series of published potassium—argon 
determinations by Fitch and Miller that have a direct bear- 
ing on estimation of the age of the Karari archaeological 
occurrence’. An upper limit is set by dates of 1.32+ 
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0.11 Myr and 1.22+0.01 Myr for the Karari and Chari 
Tuffs, respectively. These dates are statistically indistin- 
guishable and are believed to represent the same eruptive 
event. Technically, the lower age limit should be set by 
the age of the KBS Tuff, for which Fitch and Miller, using 
the “Ar/*Ar step heating method, obtained a best estimate 
of 2.614+0.26 Myr (ref. 14). Subsequently, Curtis ef al. 
reported that they have made six conventional K-Ar 
determinations on samples from the KBS Tuff at the foot 
of the Karari Escarpment in Area 131. These values cluster 
closely around a mean of 1.8 Myr (ref. 15). The reasons 
for the discrepancy between the two sets of results are still 
under review. But, although the KBS Tuff is the marker 
horizon that forms the lowermost boundary of the strati- 
graphic interval containing the Karari Industry, most of the 
sites are contained in the strata at or above the level of the 
Okote Tuff complex and its equivalent at Ileret. Dates of 
1.57 and 1.48 Myr for these tuffs, respectively, clearly pro- 
vide the best indicatars of the lower limits of the time 
interval in question. 

Further chronological evidence has been obtained from 
palaeomagnetic stratigraphy’. The beds yielding the in- 
dustry show predominantly reversed magnetic polarities and 
the few apparent normal results which were obtained at 
Ileret seem very likely to result from remagnetisation during 
the Brunhes Epoch. Since the Earth’s field was reversed in 
the interval 1.2-1.6 Myr sp, the palaeomagnetic determina- 
tions for the Upper Member Beds are consistent with the 
K-Ar dates. 

Biostratigraphic data are also concordant with these age 
determinations. On the basis of comparisons among various 
dated East African faunal samples, Maglio gave a best esti- 
mate of 1.3 Myr for the Loxodonta africana zone at East 
Rudolf, with the limits of uncertainty set at 1.0-1.6 Myr 
(ref. 13). More detailed work is being undertaken by J. M. 
Harris of the Kenya National Museum and his recent work 
does not suggest any need for major revisions in the bio- 
stratigraphic correlation of this part of the sequence, 
though the nomenclature will be changed (personal 
communication). 


Characteristics of artefact samples 
The overall characteristics of the series of artefact samples 
we have recovered can best be represented by the applica- 
tion of the typological system devised by Leakey’, though 
it has been necessary to add one or two categories. Table 2 
presents a summary for each excavated assemblage of the 
percentage incidence of specimens in each artefact category. 

Each assemblage comprises two fundamentally distinct 
classes of specimens. first, there are comparatively thick, 
massive boulders, cobbles and blocks of stone from which 
flakes have been removed by percussion, and second, there 
are relatively thin slivers of stone produced by conchoidal 
fracture. The first are termed ‘cores’, in the broadest sense 
of the term, and the second, ‘flakes’ and ‘flake fragments’. 
Superimposed on this dichotomy is another important dis- 
tinction: items which have been purposively shaped to 
particular patterns are set apart and referred to as ‘tools’, 
the word having a restricted technical sense. By contrast, 
the category ‘debitage’ contains ‘flakes’ and ‘flake fragments’ 
which have not been secondarily trimmed, plus those ‘cores’ 
that are regarded merely as by-products of flake production. 
This semantic distinction is not meant to imply that items 
of debitage were never used as implements. There are good 
reasons for believing that unretouched sharp flakes were 
functionally as important as the formally defined ‘tool’ 
category. Objects that are ‘non-tools’,in the above sense, 
but which show damage attributable to use are put in the 
third category often defined ‘utilised’, but we prefer the 
designation ‘edge damaged’ for this set. 

Among early stone industries most of the cores (sensu 
lato) also seem to have been designed as ‘tools’ and at 
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Table 1 Excavated Kararı Industry sites ın relation to stratigraphic markers and selected hominid fossil finds 
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Karari Industry sites are shown in bold face and hominid fossil finds in ıtalıc. KBS Industry sites are shown thus: FxJj 1 and so on. 


Olduvai Gorge, M. D. Leakey found varied evidences of 
their usage as implements. For this reason ‘in Tables 2 and 
3 choppers, discoids, polyhedra, core scrapers and so on 
are all included as tools, although they undoubtedly also 
had importance as the source of flakes that were themselves 
useful. As Table 3 shows, in these assemblages, as in most 
Pleistocene industries, debitage is numerically the prepon- 
derant category with percentage. values ranging from 58 to 
99%. For the purpose of archaeological taxonomy, how- 
ever, tools are usually regarded as the most important class. 

Most of the artefacts are made of volcanic lava, particu- 
larly basalt, but also of feldspathic ignimbrite, rhyolite and 
a glassy welded tuff. The commonest source seems to have 
been the cobbles and boulders being transported by the 
streams that traversed the Karari area. This material was 
readily available and had good flaking qualities Less than 


5% of the artefacts were made of other materials such as 
chert and quartz. 

The most distinctive and abundant tool forms present are 
core scrapers and light duty scrapers (Fig. 3). Typical core 
scrapers are made on cobbles or split cobbles with one flat 
surface used as a striking platform. Commonly, more than 
one generation of flakes were removed from, the dorsal sur- 
face to form a steep edge. In many cases, much of the 
perimeter of the scraper has been trimmed so that the dorsal 
face developed a keeled or domed configuration. 

In contrast, the light duty scrapers are made of flakes or 
flake and core fragments, and are thin in cross-section 
compared with core scrapers. In many cases the trimming 
is regular and well controlled, giving the pieces slightly den- 
ticulated or serrated edges. 

Other tool forms, such as choppers, protobifaces, dis- 
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Table 2 Potasstum-argon dates for the upper part of the Koobi Fora Formation 





Tleret 


Chari Tuff 
1.22 + 0.01 Myr 


Kararı Escarpment 


Kararı Tuff 
1.32 + 0.10 Myr ` 


(FMA 280, ref 14) 
Lower/Middle Tuff Complex 
1.48 + 0.17 Myr 

(FMA 278, ref. 14) 

KBS Tuff Complex 

1.57 Myr 

(Curtis et al.*) 





(FMA 290, ref. 14) 
Okote Tuff Complex 
1 56 + 0.02 Myr 
(FMA 266, ref 14) 
KBS Tuff Complex 
1.82 + 004 Myr 
(Curtis et al 15) 


KBS (Area 105) Koobi Fora 


Koobi Fora Tuff 
1.57 +00 Myr 
(FMA 270, ref. 14) 
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(Fitch ef al) 
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: coids and polyhedra occur with less frequency. A few bifaces 
and cleavers have been recovered from surface localities in 
circumstances that demonstrate conclusively their deriva- 
tion from Upper Member beds. These tool forms, however, 
seem to be very rare in the material that is concentrated in 
occupation sites and have not yet been recovered by exca- 
vation. 

The unbroken flakes show distinctive morphological 
features: small restricted platforms and diffuse bulbs of 
percussion. In particular, at sites associated with stream 
channels, battered cobbles and large boulder cores are 
present from which large well struck flakes had been struck. 
The trimming of the core tools must have also yielded 
numbers of flakes. 


Comparisons and taxonomy 
Very few datable artefact assemblages are known from the 
time span between 1 and 1.5 Myr Bp. By far the largest and 
most detailed body of comparative data is that which 
derives from Bed II at Olduvai Gorge". M. D. Leakey, who 
excavated the Olduvai material, recognised two main 
varieties among the samples that occur above the Lemuta 
Member: The Acheulian Industry and the Developed 
Oldowan Industry with the latter being subdivisible into 
phases A and B. Tables 2 and 3 show percentage frequency 
data for selected examples of Olduvai assemblages. Com- 
parison of the two sets of data shows that not all the 
samples from the Upper Member of the Koobi Fora For- 
mation are distinguishable from the Olduvai series; for 
example, FxJj 38 is not unlike FLKN level 5. But most 
Karari samples differed markedly, by virtue of the large 
percentages of core scrapers and other scrapers. 

There are other contrasts. Polyhedra and discoids are 
more numerous at Karari sites but inhibit less battering 
and blunting of edges than is commonly evident in the 
Olduvai samples. The Karari assemblages lack spheroids 
and subspheroids, while these forms are present in relatively 
large proportions at most of the Bed II sites. The Karari 
Industry also contains core and cobble fragments with re- 
touch on the ventral face, which could not be accommo- 
dated in any of the typological categories proposed by M. D. 
Leakey. A separate class has been added to the type list 
to represent these. 

Very few awls, burins or picks have been recovered from 
the Karari sites, whereas at Olduvai these forms occur 
more frequently, although in small quantities. A variable 
series of unstandardised trimmed pieces in both the Olduvai 
and Karari samples have been classified as ‘sundry tools’. 

Other assemblages from the age range in question should 
be mentioned briefly. The samples from the Humbu Forma- 
tion at Peninj include large percentages of bifaces and are 
therefore unlike the Karari material’*’®. The tool com- 
ponent of the sample from Sterkfontein Extension site is 
dominated by choppers, polyhedra and spheroids and is 
therefore much more like the Developed Oldowan than 
the Karari Industry”. Although the time relationships of 
the early material from North Africa are not known with 
certainty, sites such as Ain Hanech, or Sidi Abderhaman 
Ancien Exploitation level J may be of comparable age”. 
None of these assemblages includes significant numbers of 
core scrapers of Karari type. 

In each comparison it is largely the morphology of the 
core scrapers that distinguishes the Karari series. The form 
range of other tool categories such as choppers, polyhedra 
and discoids, overlaps extensively with that of the equiva- 
lent sets in other assemblages. The rare bifaces that derive 
from the Upper Member are very like those of Olduvai 
Bed II, Peninj or the Lower Acheulian of North Africa. 

It thus emerges that the morphological pattern shown by 
the assemblages from the Upper Member of the Koobi Fora 
Formation falls outside the known range of other described, 
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Fig. 3 a, Core scraper, FxJj 11; b, core scraper, FxJj 20 Main; 

cand d, core scrapers, FxJj 20 AB; e, core scraper, FxJ) 20 IHS; 

f. light-duty scraper on flake, FxJj 18 NS. Made on lava. 
Drawings by Barbara Isaac. 


contemporary classificatory sets. In accordance with the 
procedures proposed by the 1965 Burg Wartenstein Sym- 
posium”, and endorsed by the Sixth Pan-African Congress 
on Prehistory and the Study of the Quaternary, we propose 
to designate this distinctive series the Karari Industry. 

As a formal definition we offer the following : the Karari 
Industry is a set of early Pleistocene artefact assemblages 
that shares broad, generalised features with other near- 
contemporary industries such as the Developed Oldowan 
Industry from Bed II at Olduvai, but which also shows 
distinctive patterns of differences from them. Generalised 
features held in common include the preponderance of 
opportunistic flaking technology in which highly organised, 
fixed patterns of core preparation are rare or lacking. 
Choppers, polyhedra and discoids are important components 
of the Karari Industry as in many other generalised indus- 
tries. Handaxes and cleavers seem to have been a rare 
but significant part of the total artefact repertoire, as in the 
case of the Developed Oldowan B. The Karari Industry, 
however, is distinguishable from all other near-contem- 
poraneous industries by the tendency of its component 
assemblages to include a conspicuous series of core scrapers 
The percentage incidence of these is variable. A few 
assemblages, that cleariy formed part of the material culture 
system that we are designating as the Karari Industry, show 
a low or negligible incidence of the:key forms, but in most, 
where the sample is large enough, they are present in pro- 
portions well outside the range observed in other contem- 
porary industries. In the Karari Industry even the scrapers 
that are not specifically core scrapers are distinct from those 
of most Oldowan assemblages in their tendency to be more 
massive. 
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Table 3 Composition of assemblages assigned to Karari Industry compared with selected assemblages from Olduvai Gorge Beds I and II 





Overall composition* 


2 — 
oO 
€ g a 8 
a 8h g $ 
s 8 8 <a 
e S $ 
Sites. Z, X x Z Ù 
Karari Scarp assemblages from flood plain silts 
FxJj 11 337 95.8 3.6 12 
17 247 98.8 0.4 1 
18 IHS 3267 96.2 3.5 114, 21 
20M 2510 97.5 1.7 42 2 
20 E 1211 96.3 3.0 36 8 
20 AB 3462 987 0.7 25 20 
Karari Scarp assemblages from channel sands and gravels 
FxJj 16 173 57.8 26.0 45 18 
18 GSL 1556 87.1 10.9 169 .20 
18 GSU 214 86.9 10.7 23 22 
18 NS 993 91.0 5.9 58 14 
21 surface 54 85.2 11.1 6 
23 73 97.2 1.4 1 
38 115 58.2 34.8 40 
Ileret assemblage from Lake Margin flood plain silts 
FwJj 1 318 994 03 1 
Olduvai, Oldowan 
FLK Zinj. 2470 92.1 2.4 60 1S 
FLKN 5 151 60.9 19.9 30 10 
Olduvai, Developed Oldowan A 
FLKN SC 234 26.1 41.0 96 
HWKE 3-5 1989 59.0 20.5 409 4 
Olduvai, Developed Oldowan B 
BK II 6801 83.6 9.2 628 3 
FC West 1955 76.7 10.5 ' 206 11 
TK 2150 90.1 49 106 6 
Olduvai, Acheulian 
EFHR 522 77.6 17.4 91 3 


Flake scraperst 





Percentages of tool categories among tools 


N a 2 2 
3 ge. © a a 
5 g a § = 8 3 g 
a ,8 3 z 2 Do ow by S$ = 
2 ¢2 $8 2 2 2 8 € < 
O aa A A a O KK BF nN 
(33) H a7 25) 17 
“2 (100) 
7 2 3 25 2 6 5 38 
2 5 19 7 2 2 33 
25 31 2 8 3 3 33 
20 16 4 8 32 40 
18 275 4 9 16 9 36 
17 9 2 15 19 3 5 37 
30 17 4 17 9 52 
29 10 3 14 19 5 5 43 
(17) (67) ` (17) 
(100) 
2 O) 5 2, (18) 2 
(100) 
30 28 5 15 7 45 
17 -10 3 10 
14 26 9 4 6 4 36 14 
12 33 3 2 6 8 4 28 16 
17 16 6 5 4 20 32 20 
9 30 4° 4 4 2 34 20 
24 6 14 1 21 29 29 
15 54° 9 6 10 7 





The data for Olduvai Gorge are from ref. 18. Percentages for the tool types relative to the tool subset are rounded to the nearest whole 
number. Values for samples of less than 20 are shown in parentheses. RCCF, retouched core and cobble fragments. 

* The other minor categories for which percentages are not shown are ‘modified’ and ‘edge damaged’ (= utilised). 

t For the Olduvai analyses the distinction 1s between heavy duty and light duty scrapers. 


If an associated set of excavated artefacts is needed as 
a type sample of the newly defined industry, we would 
nominate the archaeological material from the FxJj 18 
Site Complex as suitable. (That completes the definition.) 

The decision to name this material as a distinguishable 
industry is based solely on considerations of the morphology 
of the archaeological materials. We do not necessarily wish 
to infer the former existence of a ‘cultural entity’ or. an 
ethnic entity that could be equated with the Industry. We 
also wish at present to avoid a definite judgement on‘the 
formal taxonomic relationships at any level of classification 
wider than that involved in grouping a set of related 
assemblages into an Industry. Clearly the material may be 
related in some way to the contemporaneous Developed 
Oldowan and Acheulian at Olduvai. It involves elements 
of both modes 1 and 2 in the schema of Clark”. 


Palaeoecological context 

and behavioural interpretations " 
An extensive archaeological survey has been carried out at 
Teret and along exposures of the Karari Escarpment to 
gain some understanding of the early Pleistocene man—land 
relationships represented in the area. The distribution of 
sites in relation to the mosaic of former habitats is poten- 
tially informative of the ecological relationships of early 


hominids. We found that they used the riverine floodplains 
and the alluvial fan deposits near the basin margins, Prob- 
ably their range also included the valleys and hills of the 
more elevated surrounding terrain. These data are consistent 
with the idea that early hominids were mobile, opportunistic 
hunters and gatherers who used a wide range of resources. 

More than 50 sites have been located and of these only 
two are in deposits laid down near the lake ‘margins at 
Ileret, while the remainder are in varied alluvial deposits 
that formed 15-25 km inland from the shoreline. Of the 17 
excavated sites nine are in direct association with the 
deposits of former stream channels while six are contained 
in the silty deposits of the broad floodplains that lay in 
between the stream channels. In addition to the excavated 
sites, we have located a further 40 archaeological occur- 
rences through their surface traces, and these are potential 
sites for further investigation. 

Several features emerge from an analysis of the pattern 
of distribution of the archaeological sites. Traces of past 
activities are found close to water sources, such as stream 
or river channels. This association has been observed else- 
where and may tentatively be explained by the fact that 
tree- and bush-lined stream channels would have provided 
shade and shelter as well as sources of nuts and berries. 
Ready access to raw material may have been another factor; 
in some cases, sites were located on gravel bars in stream 
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channels in close proximity to patches of basalt cobbles 
and boulders. 

Fossil bone is rather rare and poorly preserved in the 
deposits containing the Karari Industry. But sealed ‘living 
floors’ that contain stone artefacts plus small quantities of 
bone fragments, generally in a highly comminuted state, do 
occur chiefly in floodplain contexts Detailed study of bone 
samples is in progress. 

Hominid remains occur interstratified with archaeological 
sites of the Karari Industry A hominid mandible, KNM-ER 
3230 (Australopithecus cf. boisei) was recovered by excava- 
tion 10-15cm stratigraphically above the artefact-bearing 
horizon at FxJj20 E” In area 130, KNM-ER 1805 (Homo 
sp. ?) and KNM-ER 1806 (Australopithecus cf boisei) were 
recovered 40m from FxJj 38 on the same stratigraphic 
horizon within channel deposits’ A wealth of hominid 
fossils, including specimens assigned to Australopithecus 
(cf. boisei) and Homo have been recovered in beds of the 
Ileret Member’. 

The discovery of the Karari sites has added significantly 
to knowledge of artefacts that are more than 1 Myr old. 
Well dated, excavated samples were previously available 
only from Olduvai”, Peninj’***®, the Shungura Formation 
(Omo)**, the Lower Member of the Koobi Fora Forma- 
tion®® and perhaps Ain Hanech in Algeria” and Sterk- 
fontein in the Transvaal”. Variety among this series is 
considerable and we suspect that as the sample is enlarged, 
an even greater range of differences will be discovered 
between sets of sites characteristic of the various regions in 
which evidence is preserved. Many factors could have inter- 
acted to cause variety; for example, differences in the 
characteristics of available stone; differences in particular, 
local needs for certain implements and perhaps fluctuating 
regional differentiation in habits. To distinguish the relative 
importance of these and other factors, we will need a far 
larger sample of assemblages that have been drawn from 
a varied spectrum of contexts, in each of several separate 
sedimentary basins. Our naming of the Karari Industry as 
an entity is not intended to prejudice the outcome of this 
kind of research; it simply reflects the fact that the material 
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from the Upper Member of the Koobi Fora Formation is 
distinctive and a clear unambiguous label is needed for it. 
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Relationship between receptor and 
mammary tumour virus production 
after stimulation by glucocorticoid 
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A short exposure of primary cultures of mouse mammary 
tumour cells to glucocorticoids results in at least a three- 
fold stimulation of mammary tumour virus (MTV) pro- 
duction. Specific interaction of glucocorticoids with the 
cytoplasmic and nuclear receptors can also be de- 
monstrated. The biological potency of various steroids 
to stimulate MTV is related directly to the retention of 
the steroid-receptor complex in the nuclei. Progesterone 
has a high affinity for the cytoplasmic receptor, is not 
retained by the nuclei and does not stimulate or block 
the basal level of MTV production. It is, however, quite 
effective in abolishing the  glucocorticoid-mediated 
stimulation of MTV and thus behaves as an antagonist 
of glucocorticoid. 








CULTURES of cells and cell lines derived from primary 
mouse mammary tumcurs can be stimulated by glucocorti- 
coids to produce increased quantities of mammary tumour 
virus (MTV) particles’”’. The biological activity of gluco- 
corticoid hormones is believed to ‘be mediated through a 
specific interaction of the steroid with the steroid hormone 
receptors". The presence of cytoplasmic and nuclear gluco- 
corticoid hormone receptors in mouse mammary tumour 
cells have been demonstrated*"**. A positive correlation has 
been reported between the binding of a steroid to the cyto- 
plasmic glucocorticoid receptor and its biological potency 
in inducing MTV (ref. 11). These studies, however, failed to 
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explain the role of progesterone in MTV synthesis because, 
in spite of its high affinity to the cytoplasmic receptor, it 
failed to stimulate MTV synthesis. Based on the observa- 
tions that progesterone is an effective competitor for the 
cytoplasmic glucocorticoid receptor but cannot compete 
effectively with the glucocorticoid receptor-binding sites in 
the nuclei, we have postulated that progesterone is an 
antagonist of glucocorticoid action in mouse mammary 
tumour cells**. We now report the presence of cytoplasmic 
and nuclear glucocorticoid hormone receptors in cultured 
primary mouse mammary tumour cells; the acceleration of 
MTV production mediated by a short exposure to gluco- 
corticoids as opposed to the continuous exposure to steroids 
used in previous studies, and an antagonistic action of pro- 
gesterone on glucocorticoid-mediated stimulation of MTV. 

Mouse mammary tumour cell cultures were prepared 
from spontaneous mammary tumours arising in BALB/ 
cfC3HCrgl and C3H/Crgl mice as described by McGrath’. 
There was no significant difference between BALB/cfC3H 
and C3H cells with respect to either virus production or 
the effect of hormones on MTV synthesis. Dissociated cells 
were plated in 60-mm or 100-mm Petri dishes (Falcon) at 
a seeding density of 5X10% cells per cm? in Dulbecco’s 
modified Eagle’s medium containing 15% foetal calf serum 
(Gibco), penicillin (100 U ml"), streptomycin sulphate 
(100 ug ml’) and bovine insulin (10 øg ml”, Sigma). Cell 
cultures to be pulsed with steroids were changed to serum- 
free medium 24h before the pulse, washed twice after the 
pulse and incubated for a further 24h in serum-free 
medium. The resulting culture fluids were assayed for DNA 
polymerase activity. 

For glucocorticoid receptor assays, all preparative pro- 
cedures were carried out at 0-4 °C. The cells were homo- 
genised in known volumes of TESH buffer (0.01 M Tris, 
0.0015 M EDTA, 0.012 M thioglycerol, pH 7.4). The homo- 
genate was centrifuged at 800g for 10 min. The supernatant 
was designated the cytoplasmic extract. The nuclear pellet 
was resuspended and centrifuged once in phosphate-buffered 
saline and once in phosphate-buffered saline containing 
0.25 M sucrose. The pellet was then extracted with TESH- 
KCI buffer (TESH buffer containing 0.4 M KCI, pH 7.4) 
and centrifuged and the supernatant extract was designated 
the nuclear extract. The binding reaction was performed at 
0-4 °C by incubation of aliquots of cytoplasmic extracts 
with known concentrations of the radioactive steroid, either 
alone or in the presence of competing non-radioactive 
steroid. After incubation for 120 min. (unless otherwise 
stated), binding in the cytoplasmic extract was assayed 
using a Sephadex G-25 filtration technique previously des- 
cribed® or by the DEAE-filter assay of Santi et al.”. Binding 
capacity determined by the two procedures did not differ 
significantly. The total radioactivity present in washed 
nuclear pellets was extracted with 3ml of ethanol and 
counted with 10 ml of scintillation fluid. Bound and un- 
bound labelled steroid in nuclear extracts was separated by 
gel filtration on Sephadex G-25 columns using TESH-KC]I 
buffer. 

The DNA polymerase activity present in the tissue .cul- 
ture fluid from tumour cell cultures was processed as pre- 
viously described’"**. Assays were performed in reaction 
mixtures containing 50 mM Tris-HCl buffer, pH 8.3, 40 mM 
KCI, 10 mM MgCh, 0.04 Asso units of poly(rC)-oligo(dG);2-15 
(P.L. Biochemicals) and 5 Ci of *H-deoxyguanine tri- 
phosphate (9.3 Cimmol"’) at 37 °C for 40 min. Assays were 
also performed using reaction mixtures containing Tris-HCl 
buffer, pH 7.4 and Mn’* (0.5 mM). 

To estimate DNA content, cell cultures were washed 
twice with Hanks balanced salts solution, scraped from the 
dish and precipitated with an equal volume of 10% per- 
chloric acid (PCA) at 4°C. After 30 min the precipitates 
were collecetd by centrifugation at 1,600g for 10 min and 
washed twice with cold 5% PCA and twice with 70% ethyl 
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Fig.1 (a), Binding.of *H-dexamethasone in the cytoplasm of ’ 
cultured mammary tumour cells. Samples (0.4 ml) of cytoplasm 
were incubated with 1.7x10-°M of °H-dexamethasone (O) or 
with 1.7x10-°M of *H-dexamethasone and 10-7 M unlabelled 
dexamethasone (A) at 4 °C for 2 h. Bound radioactivity in each 
incubation was assayed on Sephadex G-25 columns (b), Kinetics 
of specific cytoplasmic binding of *H-dexamethasone. Samples 
of cytoplasmic extracts were incubated with various concen- 
trations of 7H-dexamethasone with or without 100-fold excess of 
unlabelled dexamethasone for 2 h at 0-4°C. The data, rep- 
resented as molar bound steroid in the total incubation, are 
plotted as a function of free-steroid concentration at equilibrium. 
The free steroid was determined by subtracting the bound steroid 
from the total steroid present in the incubation mixture. (c), 
Scatchard plot of the binding data from (b). 


alcohol : 30% diethyl ether, and the pellet was allowed to 
dry. The pellet was dissolved in 1 N NaOH and left at 
20°C overnight, neutralised with HCI and reprecipitated 
with an equal volume of 10% PCA at 4 °C. The precipitate 
was washed twice with 5% PCA and hydrolysed in 5% PCA 
at 85-90 °C for 30 min. After hydrolysis the samples were 
mixed, centrifuged at 1,600g for 10 min and aliquots were 
assayed for deoxyribose content using the method described 
by Burton”. Hydrolysed calf thymus DNA was used as a 
standard. i 
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Strong interactions of *H-dexamethasone with the macro- 
molecules of the cytoplasmic extract of mammary tumour 
cells in culture were revealed by gel filtration analyses 
(Fig. 1a). Specific binding was eliminated when the extract 
was incubated with labelled dexamethasone in the presence 
of an excess of unlabelled dexamethasone. This indicates 
that there was only a limited number of binding sites for 
dexamethasone. The amount of specifically bound ‘H- 
dexamethasone in the cytoplasmic extracts of cultured cells 
as a function of the free steroid concentration is shown 
in Fig. 16 Saturation of the binding sites was reached when 
the free steroid concentration was about 4X107" M. The 
specific binding data were also plotted by the Scatchard’ 
technique (Fig. 1c) and yielded a single straight line, indi- 
cating that only a single class of binding site was present 
The equilibrium dissociation constant of the binding of the 
steroid to the receptor was estimated to be 88X107" M. 
The average dissociation constant as determined from four 
separate experiments using various concentrations of cyto- 
plasmic extract was estimated to be 1.6X107°M. On the 
basis of the Scatchard plot, it can be assumed that 1 mo! 
of steroid is bound to 1 mol of receptor. Thus, assuming 
6.6 X 107° ug of DNA per cell nucleus, based on the average 
DNA content of the tumour cells in culture (0.015 yg DNA 
per 10’ cells), there are about 1,800 sites per cell. The average 
number of binding sites per cell as determined from four 
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Fig. 2 Effect of various unlabelled steroids on binding of °H- 

dexamethasone to cytoplasmic extracts of mammary tumour 

cells in culture. Aliquots of cytoplasmic extracts were incubated 

with 10-° M °H-dexamethasone alone or with various concen- 

trations of non-radioactive steroids at 4 °C for2 h Binding was 

measured by DEAE-filter assays as described in the text. Non- 
specific binding has been subtracted. 


separate experiments was estimated to be approximately 
1,400. Binding activity was destroyed by incubating cyto- 
plasmic extracts with trypsin (500g ml") or Pronase 
(100 ug mi~'). Similar treatment, but with DNase (bovine 
pancreas 100 ug ml) and RNase (100 ug ml"), had no 
effect on the binding. Therefore the cytoplasmic receptors 
seem to be proteins. Various non-radioactive steroids were 
tested for their ability to compete with *H-dexamethasone 
for the receptor binding (Fig. 2). The order of affinity of 
various steroids to the cytoplasmic receptor was dexame- 
thasone > deoxycorticosterone > corticosterone > pro- 
gesterone > hydrocortisone. 

It has been proposed that the effect of glucocorticoids in 
target tissues results from steroid-mediated interaction of 
the receptor with the genome’®. To examine this pheno- 
menon in mammary tumour cell cultures, we made parallel 
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studies on the nuclear localisation of dexamethasone and 
its stimulation of MTV. The data on the specific nuclear 
binding of steroids, and the subsequent stimulation of MTV 
in primary cultures of mammary tumour cells are shown in 
Fig. 3. The specific nuclear binding of dexamethasone was 
nearly complete by 30 min (Fig. 3a); as with other steroid 
receptor systems, nuclear binding was derived from the 
receptor in the cytoplasm because the total receptor bind- 
ing in the cells remained constant throughout the experi- 
ment. The specific binding of *H-dexamethasone in the 
nuclei reached saturation with 107° M *H-dexamethasone in 
the incubation medium (Fig. 35). As with fresh tumour 
slices”, 10-20 times more than a saturating amount of 
steroid with respect to cytoplasmic receptor was required 
to achieve nuclear saturation. About 90% of the nuclear 
bound radioactivity could be solubilised and the radio- 
activity in the nuclear extract was bound to a macromole- 
cule (Fig. 3c). Pulsing the cells with dexamethasone for 
30 min was also sufficient to evoke a subsequent near maxi- 
mal stimulation of MTV (Fig. 3d). The effect on MTV was 
most pronounced in the cultures assayed between 12 and 
24h after exposure to the steroid as opposed to earlier 
(0-12 h) or later (24-36h) (data not shown). The dose- 
response curve for dexamethasone in stimulating MTV is 
presented in Fig. 3e, and Fig. 3f represents a plot of the 
relative potency of a given steroid to stimulate MTV and 
the amount of that steroid specifically bound in the nuclei. 
Since mouse cells contain endogenous type C oncor- 
naviruses which after induction may or may not be stimul- 
ated by glucocorticoids’*’-*, the cultures were also moni- 
tored for the presence of type C virus, using the divalent 
cation preference of the DNA polymerase reaction. The 
MTV-DNA polymerase will utilise the template-primer 
poly(rC)-oligo(dG):2-1e 70 times more efficiently with Mg’* 
as the divalent cation than with Mn’*, whereas murine 
tvpe C viruses (Moloney MSV/MuLV) show a greater 
efficiency with manganese (our unpublished observa- 
tions)’?""?, Furthermore the DNA polymerase activity 
in the tissue culture fluid from mammary tumour cells was 
shown to be associated with the MTV virion by biophysical, 
morphological and immunological criteria’. In all the ex- 
periments described, parallel assays had been performed to 
determine the presence of type C viruses and no evidence 
was found for significant type C virus production. Further- 
more, in some experiments, culture virus was also analysed 
for its viral polypeptide composition and in all cases only 
the MTV-specific polypeptide components were present 
(data not shown). Thus we are reasonably assured that the 
viral polymerase activities reported here represent the acti- 
vity due to MTV and also reflect the virus production. 
Previous studies from this laboratory have demonstrated 
that the binding of progesterone to the glucocorticoid 
receptor of mouse mammary tumours does not lead to the 
translocation of the receptor to the nucleus and this was 
also true with tumour cells in culture (data not shown). As 
shown in Fig 3, the nuclear-bound steroid is closely related 
to the stimulation of MTV, and therefore as suggested 
previously”, it is possible that progesterone acts as an anta- 
gonist to the glucocorticoid-mediated stimulation of MTV. 
The results of the following experiments demonstrate that 
this may indeed be true. Exposure of cell cultures to pro- 
gesterone alone for 30min did not stimulate MTV but 
neither did it block the basal level of MTV production 
(Table 1). This agrees with earlier observations made with 
progesterone on long term cultures of murine mammary 
tumour cells’’’. If cells were exposed to dexamethasone in 
the presence of an excess of progesterone, however, there 
was a reduction in the stimulation of MTV due to dexa- 
methasone (Table 1). The average of three experiments on 
primary culture of tumour cells indicates that when a 100- 
fold excess of progesterone is added with dexamethasone, 
there is a 70% inhibition of the dexamethasone-mediated 
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Fig. 3 Nuclear binding of *H-dexamethasone and its stimulation of MTV. In (a)-(e), to estimate binding to receptor, the cells were incu- 
bated at 37 °C with specific concentrations of *H-dexamethasone for specified times. Parallel sets of incubations were done with 100-fold 
excess of non-radioactive dexamethasone to determine nonspecific binding. At the end of the incubations, cell fractions were prepared and 
assayed for binding. The rate of MTV synthesis was estimated by assaying for DNA. polymerase activity in the tissue culture fluid from 
duplicate cultures of tumour cells 24 h after exposure to steroid. (a), Cells were incubated with 10-8 M *H-dexamethasone with or without 
100-fold excess of unlabelled dexamethasone. O, Nuclear binding; D, specific nuclear and cytoplasmic binding; A, nonspecific nuclear 
binding. (b), Cells were incubated with various concentrations of *H-dexamethasone for 30 min. (c), Gel filtration on Sephadex G-25 
columns of nuclear extracts of tumour cells ın culture labelled with 3H-dexamethasone only (O) or also with 100-fold excess of unlabelled 
dexamethasone (@). (d), Tumour cells were treated with dexamethasone for the times indicated, and culture fluid was assayed 24 h after 
exposure to steroid. (e), Cells were exposed to various concentrations of dexamethasone for 30 min and culture fluids were assayed after 24 h 
for DNA polymerase activity as indicated in the text. (f), Plot of the relatrve concentration of nuclear receptor-bound steroid and its relative 
stimulation of MTV. To estimate stimulation of MTV, cells were pulsed with 10-* M of various steroids for 30 min and the tissue culture 
fluid was assayed 24 h later for viral DNA polymerase activity. To estimate nuclear receptor binding, the cells were treated with 1078 M 
of various labelled steroids for 30 min, at the end of which binding assays were performed. Parallel cultures were treated also with 10-°M 
unlabelled dexamethasone. Nonspecific binding was subtracted. The data are therefore due to the specific binding of the labelled steroid 
to sites specific for glucocorticoid receptor only. In each case the data were calculated as pmol nuclear-bound steroid permg DNA. The 
data thus obtained for MTV and nuclear binding with each steroid is expressed as relative to that obtained with dexamethasone. The 
average stimulation of MTV due to dexamethasone was 2.5 times the basal level. The results are the average of six separate determin- 
ations+s.d. i 


stimulation of MTV. This supports the notion that proges- 
terone can antagonise the glucocorticoid-mediated stimula- 
tion of MTV. Table 1 also shows that to observe a signi- 
ficant antagonistic effect of progesterone on MTV stimula- 
tion, the levels of progesterone must be at least 100 times 
in excess of that of added dexamethasone. This is necessary 
since the affinity of progesterone to the glucocorticoid 
receptor is less than that of dexamethasone and hence bind- 


and our studies confirm this for primary cultures of mam- 
mary tumour cells, and demonstrate that a 30-min exposure 
to steroids is sufficient to elicit the response at 24h. Our 
studies show that cytoplasmic and nuclear glucocorticoid 
hormone receptors are present in tumour cells in primary 
culture and, as with other steroid hormone receptors, bind- 
ing of the steroid to the cytoplasmic receptor is an initial 
event responsible for the subsequent steroid binding to the 


ing of progesterone to receptor in levels equivalent to 
dexamethasone occurs only at higher concentrations of pro- 
gesterone. Treatment of cells for short times with concen- 
trations of progesterone as reported here do not result in 
any toxicity. This was ascertained by measuring the overall 
incorporation of labelled amino acids into total cell protein 
by the tumour cells at the time when the culture fluids 
were assayed for DNA polymerase activity (data not shown). 

The ability of various steroids to stimulate MTV in cul- 
tured murine mammary tumour cells has been reported*~’ 


nuclei. Also, all steroids that bind to the cytoplasmic 
receptor of the mammary tumours are not retained by the 
nucleus, and progesterone falls into this category. This inter- 
action of progesterone with the glucocorticoid receptor 
binding to nuclei has been described in detail”. In the 
studies reported here we have also demonstrated a direct 
relationship between the kinetics of the nuclear binding of 
a steroid and its subsequent stimulation of MTV. In addi- 
tion, we have shown a quantitative correlation between the 
retention of the steroid—-receptor complex in the nuclei as 
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measured 30 min after exposure to steroid and its ability to 
stimulate MTV. Therefore, even though progesterone has 
a high affinity for the cytoplasmic receptor, its failure to 
remain bound to the receptor in the nucleus can lead to its 
inability to stimulate MTV. Similarly when used at appro- 
priate concentrations with dexamethasone, it can block the 
stimulation of MTV by competing with dexamethasone for 
the cytoplasmic receptor sites and preventing its retention 
in the nucleus. Thus the data reported here are consistent 
with the role proposed for progesterone as an antagonist of 
glucocorticoid action in mammary tumours” and in hepa- 
toma cells”. 





Table 1 Progesterone antagonism of dexamethasone-stimulated 
MTV production 





Relative stimulation of 
MTV production s.d. 


Dexamethasone (10-*M) 100+8.9% n=6 
Dexamethasone (10-*M)-+ progesterone ae 31.2456%n=6 
Dexamethasone (10-°M)-++ progesterone (LOM) 898+15% n= 4 
Progesterone (10-4M) 3.25+5.2% n = 4 
Progesterone (10-°M) 2.7542.5%n=4 


Steroid treatment 





The results are expressed as % of the dexamethasone-stimulated 
DNA polymerase activity above the basal level. Cell cultures were 
pulsed for 30 min with the steroid combinations and the culture 
fluids were collected 24 h later and assayed for enzyme activity. The 
average incorporation of the Mg**-stimulated DNA polymerase 
activity at 100% was 25,400 c.p.m. 


Based on the observed relationship between the retention 
of the steroid-receptor complex in the nuclei and the subse- 
quent stimulation of MTV, some aspects of the steroid- 
mediated MTV synthesis can be explained. (1) Although a 
single, 30-min pulse with steroid is sufficient to translocate 
the receptor from the cytoplasm to the nucleus and to 
stimulate the subsequent MTV synthesis nearly threefold, 
when measured 24h later, continuous exposure of the cells 
to the steroid is necessary to maintain the full level of MTV 
synthesis. This may be because it is necessary to retain in 
the nuclei optimal levels of steroid-receptor complexes for 
periods longer than 30 min. But when the steroid is removed 
from the medium at the end of the pulse, the equilibrium of 
the subcellular distribution of the steroid—receptor complex 
can be affected, causing some dissociation of the steroid from 
the complex in the nuclei. Since a quantitative relationship 
seems to exist between nuclear binding and MTV synthesis, 
this can lead to a decreased level of MTV synthesis. In this 
context it is important to mention that during the 24h 
after the steroid pulse and washes, about 10™™ M steroid is 
released from the cells into the incubation medium. In 
separate experiments where the cells were exposed con- 
tinuously to 10°*°M steroid, at the end of 24h there was 
no detectable increase in the viral polymerase activity (data 
not shown). Thus the observed stimulation of MTV poly- 
merase activity must result from the steroid-receptor com- 
plex formed during the pulse and not from the continuous 
presence of the low level of residual steroid in the medium. 
(2) Our dose-response curve for dexamethasone-mediated 
stimulation of MTV indicates that to obtain maximal stimu- 
lation, 10°° M dexamethasone is needed while 107° M dexa- 
methasone seems to be sufficient to saturate most of the 
receptor sites. It is important to remember, however, that 
the cells were pulsed with the steroid only for 30 min while 
the response was measured 24h later. Thus, it is possible 
that with 107° M dexamethasone, there is a near maximal 
saturation of binding sites and a relatively smaller decrease 
in the dissociation of the steroid-receptor complex from the 
nuclei on withdrawal of the steroid at 30 min. This increase 
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in the amount of steroid retained by the nuclei after with- 
drawal of 107° M dexamethasone as opposed to 10° M dexa- 
methasone may be just enough to maintain maximal syn- 
thesis of MTV. This may be the reason why, with 10°°M 
dexamethasone, there is no further increase in MTV syn- 
thesis. It is also likely, however, that the dose-response 
relationships of steroid binding and steroid-mediated MTV 
synthesis do not fit, and elucidation of this problem must 
await further studies. (3) Our data show that while deoxy- 
corticosterone has at least as high an affinity as hydrocor- 
tisone for the cytoplasmic receptor, it is able to stimulate 
MTV only suboptimally. As reported earlier’, even with 
saturation of all the receptor sites in the cytoplasm with 
deoxycorticosterone, there is only partial translocation, or 
retention, of the receptor to the nuclei and this may explain 
why this steroid 1s only suboptimally active, for even at high 
concentrations it cannot lead to maximal stimulation of 
MTV’. 

The mechanism by which steroids are believed to in- 
fluence gene expression in target cells involves the binding 
of the steroid to the cytoplasmic receptor and its subsequent 
interaction with DNA and chromatin, the net result of 
which leads to the expression of the phenotypic effect. The 
data on the glucocorticoid receptor and MTV synthesis 
obtained with various steroids seem to fit this model. As 
reported here and elsewhere", specific binding of glucocor- 
ticoids to cytoplasmic and nuclear components occurs in 
mouse mammary tumours. As shown here, the interaction 
of the receptor with the nuclear components seems to be 
crucially related to MTV synthesis. The accumulation of 
MTV-specific RNA seems to be a primary response to the 
steroid’ and reaches maximum at 6h and finally as shown 
here, an effect on MTV synthesis can be demonstrated at 
24h. In this respect, the glucocorticoid-mediated stimula- 
tion of MTV is very similar to some of the most carefully 
studied examples of enzyme induction by steroids” 7. 

Finally, a comment is needed about the nature of gluco- 
corticoid-mediated synthesis of MTV. All data reported so 
far indicate that the steroid-mediated phenomenon is an 
amplification of the MTV synthesising apparatus rather 
than a true induction. This argument is based on the fact 
that the cells in culture synthesise MTV even in the absence 
of added steroid and steroids are required only for maximal 
production. Furthermore, progesterone does not inhibit the 
basal lével of MTV but only that which is mediated by the 
glucocorticoid. Our studies, however, cannot provide any 
information with respect to particular sequences involved 
in the cell—virus interaction which are amplified by the 
hormonal control. Further investigations are also necessary 
to see if the primary site of hormone action lies in the host 
cell or the integrated virus in the host cell. 

We thank Dr S. Nandi for support, E. Reid for illustra- 
tions and J. Underhill for photography. This investigation 
was supported by a grant from the NCI. 


Received December 4, 1975, accepted May 18, 1976. 


1 McGrath, C.M ,J natn Cancer Inst , 47, 455-467 (1971) 
2 Dickson, C , Haslam, S., and Nandi, S., Virology, 62, 242-252 (1974). 
3 Partas W- P , Scoinick, E. M , and Kozikowski, E. H , Science, 184, 158-160 
4 Fine, D L, Plowman, J K., Kelley, S. P , Arthur, L O , and Hillman, E A., 
J natn Cancer Inst ,52, 1831-1886 (1974) 
5 Ringold, G., Lasfargues, E. Y , Bishop, J. M , and Varmus, H E, Virology, 
65, 135-147 (1975) 
6 youn)” J.T , Cardiff, R. D ,and Ashley, R ,J natn. Cancer Inst , 54, 1215-1221 
7 Parks, W. P , Ransom, J C. Young, H A., and Scolnick, E M , J. biol Chem, 
250, 3330-3336 (1975) 
To E B., and Lippman, M E, Prog Endocr Metabolism, 23, 159-201 
9 Shyamala, G ,J biol. Chem., 249, 2160-2163 (1974). 
10 Shyamala, G., Biochemistry, 14, 437—444 (1975) 
at Y A, Scolnick, È M , and Parks, W. P, J biol Chem , 250, 3337-3343 
12 Santi, D. V., Sibley, C H , Perrard, E R , Tomkins, G M , and Baxter. J D.. 
Biochemistry, 12, 2412-2416 (1973). 
13 Dickson, C ,J. gen Virol ,20. 243-247 (1973) 
14 Burton, K., Biochem J.,62, 315-323 (1956) 
15 Scatchard, G , Ann N Y Acad. Sci ,51, 660-672 (1949) 
16 Gemmeltoft, S , and Schaumburg, B , Everpta Med Found Int Congr , Ser No. 
256, 147 (1972). 


112 


17 Paran, M , Gallo, R C, Richardson, L. S., and Wu, A. M., Proc. natn Acad. 
Sci U.S A ,70, 2391-2395 (1973) 
18 Wu, an M., Reitz, M S, Paran, M., and Gallo, R C., J Virol, 14, 802-812 


(197 
19 Ihle, J. N., Lane, S E., Kenney, F. T., and Farrell, J C , Cancer Res , 35, 442—446 


(1975). 

20 Dion, A. S., Vaidya, A. B., Sarkar, N H., and Moore, D. H., Eighth Meeting 
on Mammary Cancer in Experimental Animals and Man, 74,(1973) 

21 Howk, R S., Rye, L A., Killeen, L. A, Scolnick, E. M , and Parks, W. P., 
Proc natn. Acad Sci. U S A.,70, 2117-2121 (1973) 


Nature Vol. 262 July 8 1976 


22 aa i R., Schlom, J., Dahlberg, J , and Perk, K , J. Virol , 16, 1039-1050, 
5 

23 Rousseau, G G., Baxter, J. D , Higgins, S J., and Tomkins, G. M., J molec. 
Biol , 79, 539-554 (1973). 

24 Ringold, G. M., Yamamoto, K. R., Tomkins, G. M , Bishop, J. M , and Varmus, 
H_E., Cell , 6, 299-305 (1975) 

25 Griffin, M J., and Cox, R. P.,J Cell Biol ,29, 1-9 (1964). 

26 Granner, D. K , Thompson, E. B., and Tomkins, G. M., J biol Chem. 245, 
1472-1478 (1970) 

27 Chader, G J., Biochem biophys. Res. Commun., 43, 1102-1105 (1971). 








4S oop RNA is a leader sequence 
for the immunity-establishment 
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oop RNA, which is initiated at the pe promoter and is 81 
nucleotides long, can function as a leader sequence for the 
à immunity establishment transcription, previously believed 
to originate at a special promoter pre located in the y region. 
Thus, oop RNA seems to have a dual role, either favouring 
the lytic cycle as a primer for the initiation of à DNA 
replication, or leading to the establishment of lysogeny when 
elongated into the imm transcript, which directs synthesis 
of the repressor. 








To establish and maintain,the prophage state, phage 2 directs 
synthesis of the repressor protein, the product of gene cl 
(ref. 1). There are two known modes of repressor synthesis: (1) 
In the establishment mode, observed early after A infection, the 
cI transcription is believed to originate at the p,e promoter, 
hypothetically defined by the cY mutations located in segment 
y just to the right of gene cro (Fig. 1), and is positively regulated 
by genes cII and clIII (refs 2-5). (2) In the maintenance mode, 
characteristic of the established prophage, the cI transcription 
originates at the p,m promoter (originally designated Pc pro- 
moter®) just to the left of gene cro (Fig. 1) and is both positively 
and negatively controlled by the cI product?*?, Both the 
maintenance and establishment modes of the cI transcription 
are under the negative control of gene cro (refs 1-6). 


lit 








I 





A small RNA species designated oop RNA (ref. 8) is synthe- 
sised a short distance upstream from the hypothetical location 
of the pre promoter. Synthesis of oop RNA, which is believed to 
serve as primer for the initiation of à DNA synthesis, depends 
on several phage and host replication functions’. Since esta- 
blishment of lysogeny also depends on some replication 
functions?**!° and because of the close proximity between the 
hypothetical location of p,e and the site of oop RNA synthesis, 
we sought to establish some relationship between these two 
entities. Moreover, the isolation and mapping of the sar muta- 
tions, which affect 4 DNA replication but stimulate repressor 
synthesis overcoming the cY defects, suggested that the estab- 
lishment mode of repressor transcription might originate at the 
promoter, designated pro, between genes cII and O (ref. 10). 

Specifically, we postulated that oop RNA, in addition to 
serving as the primer for DNA replication, can also have the 
role of a leader sequence that can be extended into the imm 
region by some anti-termination function, most likely depending 
on the cI and cil products. This would imply that the p,e 
promoter, as defined by the cY mutations®, either does not 
exist or has only a minor role, whereas the Pre function—that 
is, promotion of the establishment mode of cI transcription, is 


, really carried out by the pa promoter of the oop RNA (ref. 8). 


As will be discussed later, the c42 and similar cis-dominant 
mutations in the y segment, which were thought to define th- 


c42 








bio bio bio hy42 
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Fig. 1 Genetic and physical map of the immunity proximal region of phage A. The / and r strands of } DNA are represented by heavy 
lines and the various transcripts by open arrows. The dashed line arrow corresponds to the repression establishment mode of transcription?’ 
which was originally thought to be initiated in the y region?. The Do-cl-rex arrow (solid line) represents our current model for the estab- 


lishment mode of the cl-rex transcription For the designations of 


genes and other symbols, and for the positions of deletion endpoints 


(expressed in % A units measured from the left terminus of mature À DNA) see refs 6, 8 and 13-17. The promoters and operators are 
represented by the lower case letters p and o, respectively, with corresponding subscripts. The map is not drawn Precisely to scale 


Nature Vol. 262 July 8 1976 


Fig. 2 Leftward transcription 
of the immunity and oop regions 
after prophage induction. The 
RNA was labelled for 1 min with 
4H-uridine either at 30 °C (zero 
time) or at the indicated times 
after induction at 42°C. The 
extracted *H-RNA was first 
prehybridised to / strands of 
2.bi030-7 DNA (see Fig. 1 and 
inset in c), eluted, and then 
analytically hybridised with / 
strands of @80AimmA~ (hy5)'* and 
its derivatives*, p80Aimm434 and 
@80Aimm21 (for methods see 
refs 8, 11). The oop transcription 
(panels a and c) is calculated as 
percentage total “H-RNA input 
that hybridises to @80A/nmumn21. 
The imm transcription (b and d) 
is similarly calculated as that 
3H-RNA which hybridises to 
o80AimmAÀ minus that to @80A 
imm21. Data for the dnaEts 
(JG55 = E486) and dnaBts (JG28 
=Hfr H165/70) lysogens*™ are 
shown in a,b and c,d, respec- 
tively. The prophages were àc1857 
(QO), Acl857cre27, (O), AcI857 
cll68 (@) and AcI857cro27cll68 
(HB), (see refs 2-4). 


0.0 


3H-RNA hybridised (% total 7H-RNA) 


Pre promoter'*, might actually correspond to either transcrip- 
tional blocks or one of the sites of the anti-terminating effects 
of the products of genes cH and cI. 

To prove that the po promoter can carry out the Pre function, 
two experimental approaches were used: one to explore the 
correlation between the oop and cl transcriptions, and the 
other to isolate and characterise the elongated oop-cl transcript. 


Correlation between the establishment mode of 


cl transcription and synthesis of oop RNA 

The *H-labelled, leftward-transcribed RNA was assayed by 
two-step analytical hybridisation" within the interval cl-cro-y- 
cll (establishment mode with exclusion of the complications 
due to the /it RNA; ref. 8) and in the oop region (see Figs 1 
and 2). The experimental design included blockage of } DNA 
replication so as to keep the gene dosage constant, inactivation 
of à gene cro so as to eliminate the shifting expression 
of its various repressing functions, and thermal inactivation 
of the clts product to induce prophage, and to minimise the 
maintenance mode of cl transcription and both the positive 
and negative effects of the repressor®:*-7. Because synthesis of 
oop RNA is known to depend on the replication functions 
ori, O and P and the host replication genes dnaB and dnaG, but 
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Time after induction at 42 °C (min) 


not on dnaE (ref. 9), the dnaE~ host mutation was used to 
block % DNA synthesis (Fig. 2a and b). As controls, dnaB~ 
hosts (Fig. 2c and d) and P~ à mutants were included. In other 
words, the kinetics of the leftward imm and oop transcriptions 
were studied after induction of AcIts857 prophage at 42 °C, in 
the absence of DNA replication and in cro~ compared with 
cro* conditions. 

In the dnaB~ condition (Fig. 2c and d) or for P~ prophage 
in dna+ host (to be published elsewhere) there is a perfect cor- 
relation between the imm transcription and oop RNA synthesis, 
since both are blocked after induction. This is not a general 
effect on transcription because the major leftward pı transcrip- 
tion remains high (refs 11-12 and present data). 

In dnaE~ lysogens the perfect correlation between the imm 
and oop transcriptions was only observed in cro~cll* condi- 
tions (Fig. 2a and b). In cro*cll* and cro*cll~ lysogens the 
imm transcription, but not oop RNA synthesis, is eliminated. 
A somewhat intermediate situation is observed for the cro~clI~ 
prophage. 

These data enable the following conclusions to be made. 
Synthesis of the cl RNA after induction depends in the same 
manner as that of the oop RNA on host and phage replication 
functions, such as dnaB and P, respectively. The cro product, 
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an immunity-specific negative regulator, blocks selectively the 
cl transcription, thus decoupling it from the oop RNA syn- 
thesis. Not only does the cl transcription depend on the same 
factors as the oop RNA synthesis, but its full expression also 
requires the cll function. In cro~ conditions, some cI transcrip- 
tion is observed even in the absence of the cll function. 


Induction 


«a B 


<— oop 





crot 


cro” 


Fig.3 Autoradiograms of à RNA fractionated by polyacrylamide 
gel electrophoresis. The dnaEts(Xcl857cro*) and dnaEts- 
(AcI857cre27) lysogens were grown to As, = 0.35 in MCGB 
medium" enriched with 0.4% yeast extract and 20 ug thymidine 
ml~*. The cells were spun down, washed twice, resuspended in 
10mM MgSO, at 5 x 10° cells mi~, shaken 60 min at 30°C 
and transferred to 20 ml labelling medium containing 25 mCi 
"P and prewarmed to 42 °C (see ref. 21). The RNA labelled 
from 0 to 20 min at 42 °C was extracted, heated to 80 °C for 4 
min to dissociate any double-stranded RNA, hybridised to / 
strands of 4030-7 DNA (4 h at 40°C in 50% formamide), 
collected on B6 nitrocellulose filters (Schleicher & Schuell), 
and eluted as described in ref. 21. The eluted **P-RNA was 
ethanol precipitated (3 volumes, overnight at —20 °C) and 
then dissolved in 30 ul buffer E (90 mM Tris, 8.9 mM H,BO,, 
2mM Na-EDTA, pH 8.3) containing 6 M urea, 0.1% brom- 
phenol blue, and 20% (v/v) glycerol. The samples were layered 
on to a 3.5%, polyacrylamide slab gel**, and electrophoresed for 
8-10 h at 25 mA in buffer E. X-ray film (Kodak NS54T) was 
exposed for 45 min to slabs contained in polyvinyl chloride 
wrap. 
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These results show that the establishment mode of imm RNA 
synthesis after prophage induction could be an extension of the 
oop transcription. At least two-thirds of this imm transcription 
seems to depend on the clI product and is completely blocked 
by the cro product. To distinguish between two alternatives— 
that of a single extended oop-cl transcript against the possibility 
that the oop and p,.-cl RNAs represent two separate but jointly 
regulated transcripts—it was necessary to isolate and charac- 
terise the RNA synthesised in the gop-cl region. 


Isolation and characterisation 
of the elongated vop—cl RNA 


The leftward RNA transcribed in the cl-oop region was 
isolated in two steps. RNA labelled with **P for 0-20 min 
after thermal induction of dnaEts().cl857cro27) was first 
prehybridised in 50% formamide 40 °C to / strands of 45i030-7 
(Fig. 1), eluted, and then fractionated on a 3.5% polyacrylamide 
gel. The three major bands seen in Fig. 3a are: band A (about 
9S), a plausible candidate for the imm RNA, band B (about 
5S) probably originating in the 62 region and not further 
characterised, and band C (about 4S) identified as oop RNA. 
Only RNA bands B and C are produced by the induced 
dnaEts(XcI857cro*) lysogen (Fig. 3b). The startpoint of RNA 
corresponding to the band A was determined by transcriptional 
mapping‘, and found to be located at about 80.1 % % units on 
the mature ù map, just to the right of the imm21 boundary 
(Fig. 4). Since this site is also the startpoint of oop RNA 
(ref. 8), we conclude that band A is the elongated oop transcript 
corresponding to the establishment immunity transcript. 

This conclusion was corroborated by several additional 
experiments. 

By prehybridisation to 2.5i030-7 / strands followed by RNase 
treatment, the oop-cl-rex establishment immunity RNA was 
deliberately truncated to about 1,070 bases (2.3% à units from 
the startpoint of oop to the bio30-7 endpoint; (see Fig. 1) 
which enabled it to enter the 3.5% polyacrylamide gel. The 
behaviour of this oop-—imm transcript could be changed by 
either shortening it to about 900 bases or lengthening it to 
about 2,150 bases by prehybridisation to Abiotl24 or Abiot75 I 
strands, respectively (Fig. 1). As expected, prehybridisation to 
Abiot124 increases slightly the mobility of band A (gel not 
shown). The shortened transcript has the same startpoint at 
about 80% A (Fig. 4). On prehybridisation to Abiot75, the 
resulting RNA does not enter the 3.5% gels, but forms a band 
in the 2% polyacrylamide gel reinforced with 0.5% Agarose 
(gel not shown). 

The complete absence of band A in the 3.5% gel and the 
presence of only one band A in the 2% gel after prehybridisation 
to the / strand of Abiot75 DNA proves that band A (Fig. 3) 
corresponds to a single oop—cI RNA species, and not to two 
separate oop-clIl and p,e—cI transcripts, fortuitously of roughly 
equal length. 

As an alternative to the gel fractionation step, the imm RNA 
was also isolated as material excluded from the Sephadex 
G-75 column. As shown in Fig. 4, the startpoint of this RNA 
is also at about 80% A. 

Although we did not observe any imm RNA after induction 
of Xcro* lysogens, it is known that the immunity establishment 
pathway is observed early after infection with Acro* phages* °. 
We therefore looked for band A after infection of Escherichia 
coli dnaE~ with Xc1857cro*. Band A (gel not shown), which 
corresponds to the joint oop-cI transcript as determined by 
transcriptional mapping (Fig. 4), is produced early after 
infection with either Acro* or Acro~ but not with Acro*cll~ 
or Acro~cII-. The appearance of the oop-imm RNA early 
after infection but not after induction (Figs 3 and 4) might 
reflect the presence of some prophage products, possibly rex 
or traces of cro, at the time of induction, whereas after infection 
they might reach the critical concentration only after some 
delay. 
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Fig. 4 The transcriptional mapping of the startpoint for the 
physically isolated immunity establishment RNA. 32P-RNA 
corresponding to band A (see Fig. 3a) was isolated from the 
corresponding slice of the polyacrylamide gel by extraction 
with NTE buffer (0.3 M NaCl, 10 mM Tris-HCl, pH 8.1, and 
1 mM Na.EDTA) for about 10 h at 4 °C, followed by ethanol 
precipitation of the RNA and redissolving in 1 ml NTE buffer. 
This RNA was hybridised to 10 ug / strand DNA of @80Azmmr 
(@80att80immd; hy5) and its umm434 and ımm21 derivatives 
specified in Fig. 2, as well as of @80, p80hy42, ArepP22 and 
P22reph, ın 0.4 ml NTE buffer containing 50% (v/v) formamide, 
at 40°C for 4 h. After addition of 10 ug tRNA carrier, the’ 
nucleic acids were precipitated with 3 volumes ethanol (—20 °C, 
overnight), spun down, and redissolved in 0.4 ml NTE buffer. 
After addition of 0.4 ug pancreatic RNase, the solution was 
incubated for 15 min at 37°C, supplemented with 10 mi 
2xSSC, slowly filtered through B6 filters (see Fig. 3), and the 
radioactivity of the 32P-RNA-DNA hybrids bound to the filters 
counted. Similar hybridisations were carried out with bands A 
obtained in other experiments and with the analogous imm 
RNA isolated as the fraction excluded from the G-75 Sephadex 
column. *#P-RNA counts hybridising to @80Aimm) were plotted 
at the bfo30-7 or biotl24 endpoint position on the abscissa, 
depending on which of these two Adio l-strand DNAs was used 
for the prehybridisation of the extracted RNA before its fraction- 
ation. The imm434 and imm21 endpoint positions refer to the 
hybridisation values obtained with @80\imm434 and @80Aimm21, 
respectively. After subtracting the @80 or @80hy42_ back- 
ground values, all hybridisation values were normalised to 
the @80Aimm434 value taken as 10 units (see ordinate). 
C1,0, Induction of the E486(AcI857cro-) lysogen;RNA pre- 
hybridised to 4b:030-7 (band A, Fig 3, in duplicate). V,W,A, 
Induction of the E486(AcI857cro—) lysogen; RNA prehybridised 
to Abiot124 (band A, not shown, ın triplicate). @,@, Infection 
of the E486 host with cro and cro+ AcI857 phage multiplicity 
of infection 8) tespectively;RNA labelled for 0-5 min after 
infection at 42 °C and prehybridised to Abi030-7 (band A, not 
shown) W, Induction of the E486(AcI857cro-) lysogen;RNA 
prehybridised to Abiot 124 (fraction excluded from G-75 Sephadex 
‘column with 0.1 M ammonium acetate, pH 4.5 as solvent). 
O, Average of all results with Acro-(AcI857cro27). Abscissa 
corresponds to the physical map a phage à (see Fig. 1 and 
ref. 16). 


Preliminary fingerprints of that portion of band 4 RNA 
which hybridises to ‘@80Aimm21 DNA indicate that this 5’- 
proximal sequence is identical to that. of oop RNA (refs 20 
and 21), (to be published elsewhere). 


oop leader sequence and its dual role: 
P. compared with p,. promoter 


The present study indicates that oop RNA can serve as a 
leader sequence and can be extended into the immunity 
transcript. This concept of termination-anti-termination (or 
attenuation) was known in À transcription (see, for example, 
ref. 6) and later found in other operons?**4, Such a mechanism 
was postulated as one of the alternatives when oop RNA was 
first characterised*1*4, Our results now make it unnecessary 
to invoke the presence of a pre promoter to explain the cis- 
dominant effect of the c42 and other cY mutations in the y 
region?’2526 (Fig. 1). The. cY mutations might represent 
either some polar blocks or inactivation of one of the sites at 
which the cII and cI products act as anti-terminators and 
enable the extension of oop RNA into the imm transcript. The 
latter explanation seems less likely, since the cH product is still 
required for suppression of the cY defect by the sar mutation”. 
This subject is now being studied. Note that the po promoter 
region and the cIII product are in common for phages À and 
Aimm21(hy!)?", but the cI products differ. If the anti-terminating 
action of the cII protein depends on DNA sequence specificity, 
the first divergence in the sequence between A and Aimm21 is at 
about 60 nucleotide pairs from the 5’ end of oop (M. Rosenberg, 
personal communication). It might be relevant that recognition 
for the N product, as defined by the nutL mutations, is over 30 
nucleotide pairs downstream from the p, promoter of à 
(J. S. Salstrom and W. Szybalski, cited in ref. 17). 

The simplest model consistent with the present and previous 
data is that oop RNA may serve a dual role, both as a primer 
for 2 DNA replication and as a primer or leader for the 
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immunity establishment transcription. In conditions which 
presumably favour early cro expression, only short species of 
oop RNA would be synthesised, and this abundance of a 
primer for the initiation of DNA synthesis would channel the 
phage into the lytic cycle, which requires extensive 7 DNA 
replication. Alternatively, probably when cro gene expression 
is slightly delayed or depressed, the availability of the clI and 
cIII products would favour the elongation of the oop RNA into 
the imm transcript. This would lead to a burst of repressor 
synthesis and consequently channel the phage into the lysogenic 
pathway and establishment of the prophage state. It is inter- 
esting that the recently described sar mutation, which maps in 
the oop region, seems in certain conditions to favour the 
lysogenic pathway while depressing DNA synthesis". 

Although this study has demonstrated new important 
features of the establishment mode of the immunity transcription, 
future work is needed to elucidate the function of the y region 
and the specific mechanisms by which the cro, cII and clII 
products regulate the elongation of the oop RNA into the imm 
transcript. 
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Sigma Orionis E as a 
mass-transfer binary system 


Sicma Orionis E, the first He-rich B star discovered!?, was 
recently found™* to have an extremely broad (~ 1,800 km s~), 
rapidly varying Ha-emission feature. From independent spec- 
troscopic, spectrophotometric, and photometric observations 
on 4 consecutive nights in December 1974, we have shown! that 
it is a variable, with P ~ 1.19 d; however, incomplete phase cover- 
age in those data, as well as uncertainty about the nature of the 
periodicity, has hampered the development of a model to 
account for the wealth of observed phenomena. Here we 
briefly communicate results of new continuous uvbyB photo- 
metry carried out during the 11 consecutive nights December 
28, 1975-January 7, 1976 (UT), together with some possible 
interpretations. 

The observations were made with a single-channel, refriger- 
ated, pulse-counting, 1P21 photometer on the number 1 0.4-m 
telescope of the Cerro Tololo Inter-American Observatory. As 
in the December 1974 observations, CTIO filter set number 3 was 
used throughout; however, for the new data differential photo- 
metric techniques were employed. The comparison star was 
HR1861, a uvbyB standard star: with colours nearly identical 
to those of o Ori E and ~ 1° away. Ten-second integrations 
were used. An observation, Tequiring’-~ 5 min for completion, 
consisted of the measures: y,b,v,u,8W,2BN, recentre, and 
repeat in reverse order, where W and N refer to the wide and 
narrow Hf filter, respectively. The nights were essentially 
moonless and sky readings were taken regularly throughout. 
Errors from photon counting statistical effects were < 0.007 mag 
in all observations. Differential extinction corrections were 
applied to the uvbyB data with coefficients determined each 
night, except for 2 nights, greatly shortened by clouds, 
for which the means of the immediately adjacent nights 
were adopted. The HB data were reduced using the well known 
mean slope coefficients for the filters and a nightly determination 
of the zero point correction based on HR1861. 

The resultant light and colour curves, of which those for y, u, 
and u—b are given in Figs 1a-c, show two distinct minima. By 
comparison of the depths, particularly in u, we conclude that 
the minimum near phase ọ ~ 0.63 (hereafter called primary 
minimum) is the same as that observed‘ in December 1974. A 
primary minimum occurred in the new observations’ at JD 
2442778.819, which combines with the December 1974 data to 
yield an improved estimate ‘of the period: 1.19080-+0.00005 d. 
This value is in excellent agreement with one possible period, 
1.19086 d, found from a comparison of the December 1973- 
January 1974 spectroscopic? and the December 1974 spectro- 


photometric* Ha-emission data; this agreement suggests that 
the period may be reasonably stable over a 2-3 yr interval. 

Among the characteristics of the rather peculiar light curves, 
we point out the following: (1) The secondary minimum follows 
the primary by 0.43P (12.4 h), and the widths of both are ~ 3.0h 
at half-depth. (2) The amplitudes of the minima are considerably 
greater in the ultraviolet, and the depths in y, b, v, and u of the 
primary (0.07, 0.06, 0.05, and 0.15 mag) and secondary (0.04, 
0.04, 0.03, and 0.12 mag) minima vary non-monotonically with 
wavelength. The amplitudes of the u—b colour minima are, 
however, similar. (3) The minima are asymmetrical, with the 
ingress into secondary minimum more gradual (by a factor of ~ 
2) than the other transitions. (4) The light level outside the 
minima is not constant but seems to decline continuously 
between successive secondary minima, although the v light level 
is more irregular. With respect to December 1974 the mean 
magnitude levels at 0.8P have remained nearly constant in y 
and b, but the u level is brighter by ~ 0.04 mag in 1975-76; 
this observation suggests that secular changes with a colour 
dependence similar to that of the periodic ones may occur. (5) 
The Hf phase diagram shows behaviour strongly reminiscent 
of that of Wats (Ha) in Fig. 4 of Walborn and Hesser*, which 
suggests that weak, variable emission is present at HB. Com- 
parably detailed observations of more cycles are required to 
ascertain the permanence of the foregoing features in the light 
and colour curves, but correspondences between the December 
1974 and 1975-76 data indicate that some of them are 
reasonably stable. 

The general appearance of the light curves of o Ori E, and 
that of the Ha profile when the emission is strong, are strikingly 
similar to observed properties of the dwarf nova system U 
Geminorum®*. These properties are interpreted in terms of a 
mass-transfer binary in which a collapsed (white dwarf) com- 
ponent is surrounded by a rapidly rotating accretion disk 
containing an ultraviolet-bright spot with energy provided by 
the impinging stream of gas from the other star?-™. It is 
evident that a similar model could account for most of the 
principal characteristics of the light, colour and spectrum 
variations in o Ori E. Particular reference is made to the 
illustration and discussion by Lin!?. The primary minimum 
occurs when the hot spot is occulted by the B star, whereas the 
secondary minimum is caused by occultation of the spot by 
the optically thick disk itself. Since the spot is located on the 
following side of the disk, the secondary minimum will follow 
the primary by < 0.5P, as observed. Moreover, since the 
line-emitting region is downstream from the hot spot in the 
disk, the principal Ha-emission maximum should follow inferior 
conjunction of the disk and have V > R, again as observed?. 
We note, however, that this model requires synchronous 
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Fig. 1 a—c: y, u, and u—b light and colour curves for o Ori E from the 1975-76 data, with 1975 December 28.0 = JD 2442774.5 as zèro 

phase and a period, 1.19082 d, that differs insignificantly from the finally adopted value, 1.19080 d. The symbols serve to distinguish data 

from different nights: 0-9 correspond to December 28—-January 6 and x to January 7. Because of occasional high humidity during the 

observations, it 1s uncertain 1f some fine details of the light curves (for example, the tendency for night 0 (28 December) to lie somewhat 

brighter than those of nights 5 or 6 at @ ~ 0.2) arise from stellar variations or to slightly inaccurate differential extinction corrections 
The u—b colour ıs (normally) a reliable temperature indicator for B stars 
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rotation and a stable, inhomogeneous surface composition for 
the B star to explain the behaviour of the He line*-23, 
Bolton’s“ upper limit to the radial velocity variation of o 
Ori E implies that any companion must have a mass $ 0.1Mo 
for inclinations > 45°. Thus the secondary would be an M 
dwarf or a collapsed object. The latter alternative would be in 
agreement with the above model, as well as providing a ready 
explanation for the helium enhancement (or hydrogen deficiency) 
at the surface of o Ori E in terms of a prior episode of mass 
transfer from an originally more massive companion. Since o 
Ori E is located in a Trapezium-like system containing a 


09.5-V component?, the mass of the original primary in the mass- ` 


transfer binary picture would have been 2 20Mo. 

If this model is correct, high-frequency optical monitoring of 
o Ori E might provide additional information; only one such 
study has been made at CTIO, before the development of the 
present working picture, and hence at a rather low sampling 
frequency. Beginning at 1974 December 6.084 ur, o Ori E was 
monitored at Ha for 6 h with the 3-channel photometer at the 
0.9-m telescope. A 20/80% neutral beamsplitter, 2 FW 130 
(S20) photocells, and KPNO filters 210 (Aà = 159 A) and 71 
(AA = 54 A) were used for 2-s integrations. A total of 8,192 
integrations was processed with power spectral techniques!®; 
no peak > 0.0013 mag was found in the period range 4.0 < P < 
1,640 s for the sampled phases. 

While this paper was in preparation, an alternative 
but related interpretation of the light curves of o Ori E 
occurred to one of us (N.R.W.) after reading the new 
results on Algol*. The alternative model follows from 
interpreting the two minima in o Ori E as components of 
a single “W-shaped’ eclipse; indeed, the resulting ingress-egress 
symmetries strongly support the correctness of such an inter- 
pretation. In this case one is led to consider two ultraviolet- 
bright spots, most probably located at the equilateral Lagran- 
gian points of the binary system, with the leading spot somewhat 
the brighter. ‘Mid-eclipse’ occurs at @ ~ 0.83, with both 
Lagrangian points visible. The mass ratio condition for the 
existence of stable, equilateral Lagrangian points implies an 
upper limit to the secondary mass of the same order as that 
resulting from the radial velocity observations. If a plausible 
model with M, = 8Mo, M, = 0.1Mo, and centre-to-centre 
separation of two primary radii is assumed, the resulting 
geometry is strikingly simple, and many features of the light 
and colour curves are explained in a straightforward manner. 

The implications of this model of o Ori E for current theories 
of stellar evolution in massive binaries are sufficiently significant 
to justify extensive further observations. Most critically needed 
are high-accuracy radial velocities throughout the full 1.19 d 
cycle, preferably with simultaneous photoelectric monitoring. 
In addition, polarimetric, X-ray and radio observations of both 
moderate- and high-time resolution may provide key 
information for the evaluation of the proposed working model. 

J.E.H. thanks Dr John Irwin for relinquishing a crucial night 
of telescope time; Sr. Guido Garay for programming assistance 
and the Yale University Observatory for their hospitality while 
this paper was being written. The Cerro Tololo Observatory is 
operated by the Association of Universities for Research in 
Astronomy, Inc., under contract with the NSF. 
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Evidence for a radioactive decay 
hypothesis for supernova luminosity 


VAN Hise" has observed that the light curve for the Type I 
supernova 1937c is well represented by a sum of two exponen- 
tials with half lives which are ~0.75 the half lives of ®°Ni and 
5Co in the B-decay chain ®*Ni—&Co—®*Fe, Colgate and 
McKee? had previously suggested this chain as a source of 
supernova luminosity, but the hypothesis was not widely 
accepted because of the variability of the decay rates of super- 
nova light curves and because the interstellar medium would 
be overabundant in heavy elements. This letter presents obser- 
vational evidence supporting a model of Leventhal and McCall? 
which overcomes these difficulties. 

According to this model, a Type 1 supernova produces a 
white dwarf containing ~0.2Mo of Ni. At terrestrial 
densities the decays of Ni and ®*Co occur by capture of an 
inner shell electron 100,and 80% of the time, respectively, but 
in the interior of a white dwarf, the bare nuclei move through 
a Fermi sea of electrons, and the higher electron densities thus 
encountered would produce an enhancement of the decay rates. 
The supernova luminosity is given by 


L(t) = A, exp(—#/T,) + Az exp(—t/T2) (1) 
where T, and T, are the half lives of the steep, earlier and the 


flat, later portions of the light curve, and A, and A, are para- 
meters whose values depend on the initial amount of ®*Ni, the 
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Fig. 1 Sum of exponentials fit to the light curve of SN1937c. 

The vertical line at ¢ = 0 represents the estimate mm of peak 

apparent magnitude. [J], Baade and Zwicky®; A, Parenago?; 

©, Deutsch". For the values of the parameters of the fit see 
Table 1. 


energy releases per decay of Ni and 5Co, and the values of 
T, and T». If the model is correct, T, should not exceed the 
terrestrial half life of 5*Ni (8.8 d), T, should not exceed that of 
55Co (112 d), and the two should be related approximately by 


so = yap le = 12.7T, (2) 


More precisely, according to Leventhal and McCall’, at 
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Table 1 Results of the sum of exponentials fits 





Ay A, 
Supernova Galaxy T +o T, 
1937c IC4182 3 1840.13 
1937d NGC1003 1.36+0.11 
1939a NGC4636 3.07+1.45 
1954a NGC4214 1 5240.14 
1954b NGC5668 2.1940 56 
1956a NGC3992 11.9+-6.5 
1957a NGC2841 1.82+0 25 
1961p Anon. 1.64+0 07 
1962) NGC6835 3.1441.12 
19621 NGC1073 3.39 +0.78 
1963p NGC1084 5.4441 19 
19641 NGC3938 2.65+0.49 
1966j NGC3198 4.4442 18 
1966n Anon. 1.340 10 
1967c NGC3389 2.17 +0.19 





Tı o(T)) as +o as T+ o(T2) 
(H 0 

6.47+0.16 0.0980 +0.0088 67.2+6.8 

9.26 + 1.09 0.0708 +-0.0471 102.1 492.4 
4.1241 34 0.159-+0.073 59.3 £33.7 
4,14£0.32 0.1420.014 55.645.4 

5 7041.16 0.096440 0513 75.9454.9 
4.59 £0.70 0 0896 +-0.0302 87.7438.4 
4.55-40.43 0.130-£0 021 47.448.4 

10 340.7 0.0979 +-0.0259 112.3440.5 
7.48 +1.34 0.111 £0 048 114 8481.4 
5 2140.77 0.181 -£ 0.064 68.1 +34.6 
4.96 £0.44 0.0684 +0.0217 61.24-20.5 
5.96 +0.46 0 0671 0.0081 120.4-£22.9 
711.01 0.0766 4-0.0108 112.3422.4 
8.38+1.36 0.0917-0.0384 85.4-+44.7 
8.17+1.00 0.129+0.101 47.94+30.4 





high matter densities the 5Ni and ®*Co decay rates (d—) are 
given by 
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where Pay 1s the electron density (cm~?), 8.8 and 112 d are the 
terrestrial 1/e lives of "Ni and *°Co, 9.7 x 10°* and 8.6 x 1078 
cm~3 are the electron densities at Ni and Co nuclei in the 
terrestrial environment, and 1/558 d-! represents the fraction 
(20% on Earth) of Co decays which involve positron emission. 
It is assumed here that the positron emission rate is unaffected 
by high densities. At low densities, electron binding occurs, so 
the effective decay rates can be calculated by the interpolation 
equations 


which define a curve well approximated by the straight line, 
equation (2). 

Rust* has recently collected 37 Type I light curves from the 
literature and used techniques developed by Pskovskii®* to 
reduce them to a common photometric system (the Mpg 
system). Fifteen of the curves were complete enough to give 
reasonable fits using a sum of two exponentials. The others did 
not extend far enough to define the more slowly decaying ex- 
ponential. 

The light curves consisted of measurements of apparent 
magnitude m(t) versus time. Apparent magnitude is related to 
luminosity by 


LO _ 10-0 ame) =m) (3) 
Be 


where L, and m, are the luminosity and apparent magnitude at 
maximum brightness. Taking the moment of peak brightness 
as the zero-point of time and combining equations (1) and (3) 
gives 


10-0 al") m) 4 exp(—1/T,) +22 exp(—t/T>) (4) 
Lo Lo 


The values of T,, Ts, (41/Lo) and (A/Lo) were determined for 
each light curve by nonlinear least squares fitting of this equa- 
tion beginning a few days after peak brightness to assure that 
only the decay portion contributed to the fits. The method 
used was a damped Gauss—Newton iteration. 

The results of the fits are given ın Table 1. The standard 
deviations were estimated from the covariance matrix but 
should be regarded only as approximations (see ch. 7, ref. 7). 
The values were checked by repeating the fits using the separable 
parameter algorithm of Golub and Pereyra®. 

For all light curves in the sample the fitted curves represented 
the data points well and gave low values for the sum of squares 
of residuals, but only if the data were very complete did the fits 
specify the parameters with high certainty. This is illustrated 
in Figs 1 and 2 which represent one of the best and one of 
the worst fits. In both cases the curves accurately represent the 
data, but for SN1962j, o(T;) is very large relative to T}. The 
condition that the s.d. of both 1/e lives be less than the para- 
meter values themselves provided a criterion for rejecting 
incomplete light curves from the sample. 

Figure 3 is a plot of T, against T, with the error bars repre- 
senting 1 s.d. The vertical and horizontal dashed lines represent 
the upper limits imposed by the terrestrial values. Only one 
point lies >1 s.d. beyond these limits, that point being ~ 2 
s.d. out. Furthermore, there is a definite tendency for the points 
to lie along the predicted line T, = 12.7 Tı which is shown as a 
diagonal. Although the scatter is large, the correlation co- 
efficient is r = 0.529, implying, at the 97.5 % level of significance, 
that the data follow a non-random relationship. The average 
values of 0(7;)/T, and o(T,)/T2 are 0.13 and 0.43, a fact which 
invalidates both a standard regression of T, on T}, which would 


Fig. 2 Sum of exponentials fit to the light curve of SN1962). 
Data points are taken from Bertola’*. 
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Fig. 3 Plot of the fitting parameters T, against T,. The error 
bars represent the estimated s.d. but should not be interpreted 


as the major axes of error ellipsoids because the errors in T, 
and T, are correlated in each case. 


assume the errors in T, are insignificant, and a major-axis 
regression, which would assume approximately equal errors in 
T, and T}. It is, however, possible to use the computer generated 
T,,T, variance matrices to obtain a maximum likelihood 
estimate of the best linear representation of the data (see ch. 4, 
ref. 7). The likelihood function can also be used to construct 
confidence regions in the space of the two parameters, that 1s, 
slope and intercept (ch. 7, ref. 7). When this procedure was 
applied to the data the point defined by equation (2), that is, 
slope = 12.7, intercept = 0, was found to lie well inside the 
50% contour. This shows that the data are consistent with the 
predicted relation. A more dramatic measure of this consistency 
is furnished by the average values of 7, and T, which are 


Tı = 6.46+1.98 
Ta = 81.2425.7 


where the indicated errors are the s.d. The point represented 
by these values is shown in Fig. 3 as an open circle lying 
almost exactly on the predicted line. These results constitute 
significant evidence supporting the Ni —> "Co — ®*Fe decay 
hypothesis. Furthermore, if the cold white dwarf model is 
correct, the fact that no T ıs < 47 d implies an upper mass 
limit of ~0.4Mo for white dwarfs produced. 

The authors would like to thank Ms Barbara J. Handley for 
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his nonlinear least squares program. 
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Orientation of pulsar 
magnetic dipole moments 


THE angle between the magnetic dipole moment and the spin 
of a pulsar is an important parameter in studies of the pulse 
emission. In this letter, arguments based on the properties of 
the weak interaction between elementary particles and on the 
superfluidity of the core show that the torque associated with 
the rotating dipole moment is free to cause alignment with the 
spin only in pulsars older than the Crab, and possibly the Vela 
pulsar. On the basis that the sine of the angle follows an 
exponential law with a time constant of ~ 10° yr, the observed 
distribution of radio pulse widths can be explained by the group 
of models in which emission occurs from regions near the polar 
caps rather than the light cylinder. 

The high electrical conductivity? of the interior matter implies 
that the magnetic field of a pulsar should be fixed with respect 
to the body axes of the star. The principal moments, and the 
torque acting on the star, determine the orientation, as a 
function of time, of the magnetic dipole moment relative to the 
spin. The torque can be expressed as the sum of three com- 
ponents Ts 


N = N,+N,+N, 


where N, and N, represent the electromagnetic torque and are, 
respectively, perpendicular and parallel to the magnetic dipole 
moment p. The component N, can be approximated by the 
vacuum torque for the rotating external dipole field, and N, 
represents the torque resulting from current flow between 
the corotating magnetosphere and the polar caps of the star. 
The component N, represents the dissipative torque, which 
causes the axis of greatest principal moment to align with the 
spin. Owing to the temperature- and therefore time-dependence 
of N;, the angle Y between spin and dipole moment 1s pre- 
dicted for pulsars with the properties: (1) a mass such that there 
is no solid core; (2) an internal toroidal magnetic field with 
symmetry axis approximately colinear with p, to have the 
following time variation. At a time t, < 10° yr, y becomes 
approximately equal to 1/2 and remains constant until ta Z 104 
yr. For £ > t», Y — 0 with a time constant determined by N,, 
N, and by the values of y and of the period P at t = tə. This 
form of Y(t) is consistent with the existence of a strong inter- 
pulse in the Crab pulsar and, if the slowing of the pulsar 
rotation is determined mainly by N,, provides a simple explana- 
tion of the secular variation of magnetic dipole moment 
postulated by Lyne, Ritchings and Smith?. 

This prediction of w(t) depends only on general features of 
superfluidity and of the non-leptonic weak interaction Accurate 
knowledge of energy gaps or of the equation of state is not 
required. ` 

At certain radii in the interior, neutrons, protons and £~ 
hyperons are expected to be ın equilibrium. The protons? form 
an isotropic BCS superfluid with energy gap A. For such 
densities, the neutronst may have a small anisotropic energy 
gap. If the proton energy gap alone is considered, the relaxation 
time for the non-leptonic weak interaction n+-n & p+ => is 
proportional® to (BA)~*/? exp(BA) in the limit BA > 1, where 
B! = kgT. If the spin is not parallel with the axis of greatest 
principal moment, the matter in the interior is subject to 
periodic pressure fluctuations having the period of the pre- 
cession which must occur. As the pulsar cools, the relaxation 
time must increase until of the order of the precession period so 
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Fig.1 The distribution of WgP™*? and siny is shown for 82 

pulsars, for tp = 10%yr. The integrated pulse widths We, 

expressed in degrees, are those at 408 MHz listed by Lyne et al.’. 

The 10 pulsars with siny < 0.1 are shown separately as solid 

triangles on the left-hand side of the diagram. The Crab and Vela 

pulsars are likely to have f < t, and are represented by the two 
solid circles at the lower right-hand side. 


that the coefficient of bulk or second viscosity is extremely large. 
In the Euler equations, the effect of the viscosity is expressed as 
a large torque N, which causes the axis of greatest principal 
moment to become parallel with the spin at a time ft, < 10° yr. 
The effect of a small neutron energy gap would be merely to 
reduce the value of ¢,. Further. cooling of the pulsar interior 
causes the viscosity and therefore N, to become negligibly small 
at times ~ 10‘ yr. A more detailed discussion is given elsewhere 
(P. B. Jones, unpublished). 

The distortion caused by the elasticity of the solid outer 
shell has an axis of symmetry which moves with respect to 
fixed body axes in such a way as to be approximately parallel to 
the spin direction. This motion is the result of plastic deforma- 
tion which occurs for t < t, because the temperature is then of 
the order of 108 K and because the rotational surface oblateness 
greatly exceeds the likely critical strain. Thus the axis of 
greatest principal moment is determined by the toroidalinternal 
magnetic field and is approximately perpendicular to p. 

For t > t, and N, > N, and Ns, Psecy is a constant of 
motion and siny decreases according to an exponential law 
with a mean time tp = P?sec*y(PP)-4=12. Owing to this 
alignment of the dipole moment, its component perpendicular 
to the spin has the time dependence postulated by Lyne et al.*. 


Plausible values of P, the period derivative P, and y at t, ~ 104 
yr are quite consistent with to ~ 10° yr given by Lyne et al., 
whereas if the dissipative torque were neglected, t = 0 and the 
predicted values of tp would be too small*’ to be consistent 
with the observed pulsar population. 

In one group of pulse emission models", the microwave 
radiation is produced tangentially to their velocity by charged 
particles moving along field lines leaving the polar caps of the 
star and penetrating the light cylinder. The integrated pulse 
width is a function of the angle y and of the angular size of the 
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emission cone, which is dependent on the period. For the most 
recent model” in this group, WeP?/42 should be proportional 
to (siny), apart from variations in the intersection of the 
emission cone by the line of sight. The expression for We given 
by a second group of models", those involving relativistic 
beaming, is very dependent on the velocity of the emitting 
region and no simple prediction seems possible. 


Values of siny have been determined from the P measure- 
ments of Lyne et al.? for a universal to = 10° yr. The dis- 
tribution of WeP/42 and sino shown in Fig. 1, a band of 
gradient — 1, supports the polar cap group of models and the 
hypothesis that most pulsar magnetic dipole moments are 
aligning with the spins in a mean time ~ 10° yr. If the points 
shown as open circles were normally distributed about a straight 
line, the gradient of the line would be —0.99 +0.15. 
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Ocean bottom seismic measurements 
on the East Pacific 
Rise and Rivera Fracture Zone 


We describe preliminary results of a seismic experiment using 
ocean bottom seismometer capsules (OBS) in three separate 
tripartite arrays. The arrays were located on the central topo- 
graphic high of the East Pacific Rise between the Rivera and 
Tamayo Fracture Zones (8 d in position), at the junction of the 
ridgecrest and the Rivera fracture zone (12d), and on the 
Rivera fracture zone well away from the ridgecrest (9 d). Ac- 
curate locations and depths could be computed for events 
sufficiently close to each array, and showed that the main 
transform fault lay within the central trough. OBS capsules 
have been successfully used for refraction work"? (also B. Lewis 
and C. Lister, unpublished) and microseismicity studies’, but 
we report here the first use of arrays on a spreading centre— 
transform fault system for event locations. Other questions of 
importance to seismology can also be answered from these data. 

The capsules! contain a 1-Hz vertical seismometer and 
triggered digital recording system. The capsule itself falls freely 
td the ocean bottom. When triggered acoustically or after a 
predetermined time, it is released and floats to the surface. An 
acoustic system facilitates accurate location of the capsule to 
within several metres relative to a surface ship. 

Figure 1 shows sites and epicentre locations for a number of 
events recorded at arrays 2 and 3. Array 1 (the ridge array) is 
not shown. Figure 2 shows a sample of seismograms from 
array 3. At array 2, 105, 680, and 155 events were recorded on 
the 3 capsules, respectively. Of these, 67, 57, and 37 were re- 
corded simultaneously by each of the three pair combinations 
of capsules. Thirty-one earthquakes were recorded simul- 
taneously by all three capsules. Some of the events recorded 
(particularly those on LY), are spurious triggers caused by 
ground noise. Many, however, are earthquakes too small to 
trigger all capsules. All events recorded simultaneously on two 
or more capsules are believed to be earthquakes. At array 
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Fig. 1 Capsule sites and bathy- 
metry (m). All of the well 
determined epicentres recorded at 
array 2 are shown. A represen- 
tative sample of events recorded 
at array 3 are plotted. The asterisk 
shows the location of the swarm 
sequence. 
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Fig. 2 This shows several seismo- 
grams recorded at array 3. Each 
group of 3 was recorded at 
BOS(top), LY6(middle), and GA5 
(bottom). Events 7-755, 7-783, 
and 7-919 are from the small 
swarm sequence due east of the 
array. The others are down the 
fracture zone towards the asterisk. 
At 5 Hz, the seismometer response 
in counts um™ is 2.4x 10°. FS 
on the plot is in counts. 
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number 3, 254, 304, and 409 events, respectively, were recorded 
by the capsules. The pair combinations of capsules recorded 
196, 213, and 309 events simultaneously. Of these, 183 were 
recorded on all three capsules. During this period, a swarm of 
earthquakes with a M=4.3, M=4.3, and M=4.8 sequence, and 
numerous smaller events, was recorded. The three larger events 
were recorded on World-Wide Network stations. 

The locations of capsules BO and LY were determined by 
acoustic ranging, and triangulation from the ship, in conjunction 
with satellite fixes and/or fixes to a moored radar buoy. We 
estimate the accuracy of these locations to be within 100 m. 
Capsule GA’s transponder failed, so we obtained the best 
possible estimate of ship position and drift before, during and 
after the drop. We estimate the location accuracy of GA to be 
within 400 m. 

Epicentre locations and depths were calculated using a 
half-space location programme written by Ray Buland at 
IGPP. The locations shown in Fig. 1 were calculated with 
Ve=6.5 and Vp/Vs=+/3. Seismic refraction results from the 
East Pacific Rise’ indicate that this velocity is reached within 
the top 2 km of crust. For sources a few km deep, as these are 
believed to be, the half-space model is probably a good approxi- 
mation as long as the events are near or within the array. 
Locations of events close to the array were found to be relatively 
insensitive to changes in velocity. All reasonable values for Vp 
gave epicentres and source depths which varied by at most 
1 or 2km. The locations of the more distant events varied by 
several km, but our basic conclusions are not affected by the 
uncertainty of velocity structure. 

The tectonics of the area are shown schematically in the inset 
to Fig. 1 along with the bathymetry of the northern part of the 
Rivera Fracture Zone. A deep, steep-sided trough is flanked by 
ridges on both sides. The topography is generally extremely 
rugged. To the south-east, beyond the area shown, the trough 
disappears and the fracture zone continues as a single ridge. 
This change in character coincides with a change in strike, the 
topography trending more in an east-west direction. 

Three immediate conclusions may be drawn from the pattern 
of seismicity near array 2: 

(1) The general trend of epicentres is along the central 
trough. This suggests that transform faulting is taking place 
mainly inside this feature, rather than along the valley walls. 

(2) There is a definite offset in the line of epicentres near the 
array. It is unlikely that this offset is an artefact of location 
errors. Location uncertainties make it impossible to draw any 
similar conclusions about the more distant events. 

(3) A few of the events have epicentres very close to one of 
the capsules. This allows well-constrained source depths to be 
calculated. All reliable source depths were shallower than 10 km 
below the sea floor, suggesting 10 km as a lower limit for the 
thickness of the brittle zone on this area. 

With array 3, we tried to cover the junction of the rise and 
fracture zone. There seem to be no epicentres located within 
the array. The epicentres shown in Fig. 1 for this array are some 
of the more reliable locations (that is, with the smallest travel- 
time residuals). We have not yet located all the events in this 
area, but the epicentres shown are probably a fairly good 
sample. 

As in the central part of the fracture zone, the main trend of 
epicentres is along the rift. A few km from the ridge there is a 
second line of activity, parallel to the first. This might indicate 
an offset of the main transform fault, or possibly a subsidiary 
fault reflecting greater complexity of the faulting as the junction 
is approached. 

The exact location of the spreading centre is uncertain, but 
presumably coincides with the topographic high of the rise. It 
seems that, as would be expected, the seismicity does not extend 
beyond this. We also note that there is a swarm-like cluster of 
events near the junction, east of the array. These results are 
similar to those of Reid and Macdonald’ on the Mid-Atlantic 
Ridge. Since all the events located lie outside the array, little 
reliance can be placed on source depth determinations. It 
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Fig. 3 Source parameters of 35 events recorded at Arrays 2 and 3. 
The upper portion of the figure is a ground motion spectrum of 
the S-wave of one of the events (Event 22). The line over the seis- 
mogram indicates the portion of the signal analysed. The source 
parameters from the aftershocks of the San Fernando earthquake 
of February 9, 1971 are shown (+) as a comparison to the oceanic 
data (I, Array 2; @, Array 1). The diagonal lines give a logarith- 
mic pressure scale, the top line gives the 10°-Pa region (1 Pa= 
10-* bar), and each subsequent line gives a factor of 10 smaller 
a pressure, down to 10¢ Pa at the bottom. 


appears, however, that the depths of the nearest events are 
shallow, probably <5 km. 

S-wave spectra of 35 events of various sizes from arrays 2 and 
3 have been computed. The spectra have been corrected for 
instrument response and an assumed Q of 250. This is a 
reasonable value of Q for S-waves on continental crust’. The 
moments and corner frequencies of nearby events are also 
relatively insensitive to the value of Q chosen. The instrument 
response was computed using measured seismometer and 
amplifier parameters. Figure 3 shows the spectrum of event 22 
measured at capsule position BO 4 (Fig. 1). The rise at high 
frequencies is caused by the Q correction, which has the effect 
of dividing the background noise by a very small number. Also 
in Fig. 3 is a plot of the seismic moments against the corner 
frequencies of the 35 events studied. Although the results must 
be considered preliminary until more analysis is carried out, the 
stress drops estimated using the theory of Brune®* do not reach 
values as high as those for aftershocks of the San Fernando 
earthquake of February 9, 1971, also plotted in Fig. 3 (ref. 7). 

We conclude that epicentres of micro-earthquakes on the 
Rivera Fracture Zone indicate that the main transform fault 
lies inside the central trough. There is evidence that at least one 
offset occurs in this fault. One interpretation of this would be 
that this offset represents a minor spreading centre similar to, 
but on a smaller scale than, those in the Gulf of California. A 
small component of spreading on this section of the fracture 
zone would be consistent with the interpretation of the central 
trough as a rift feature. Source depths suggest a brittle zone 
~10km thick. S-wave spectra of 35 events suggest a lower 
upper-bound for stress drop than found for the San Fernando 
earthquake of February 9, 1971. 
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Further rubidium-strontium age and isotope 
evidence for the nature of the late 
Archaean plutonic event in West Greenland 


THe gneisses of the Godthaabsfjord region of southern West 
Greenland have been grouped by McGregor’ into an older and 
a younger set, respectively termed the Amitsoq and Nak 
gneisses. They are separated by dykes (the Ameralik dykes), 
metavolcanic and metasedimentary rocks (the Malene supra- 
crustals) and stratiform meta-anorthosites. The Amitsoq 
gneisses have been dated at ~3,700-3,800 Myr (refs 2-4). 
Pankhurst et al.5 reported a Rb-Sr whole rock isochron age of 
3,040-+-50 Myr and an initial ®’Sr/®*Sr ratio of 0.7026 +0.0004 
on a suite of Nûk gneisses from Bjérneden, some 25-km 
northeast of Godthaab (Fig. 1). The isochron age was inter- 
preted as the age of emplacement of the precursors of the NOk 
gneisses, while the low initial ratio suggested that these pre- 
cursors could not have been derived by partial or complete 
melting of the older Amitsoq gneisses. Several geologists have 
expressed disagreement with this interpretation®’. In particular, 
Chadwick et al.’ disagreed with our conclusion that the Nûk 
gneisses represent essentially juvenile sialic crust formed in 
West Greenland ~2,800-3,000 Myr ago. We here present 
further evidence to support our interpretation. 

A large collection of Nûk gneisses was made by us in 1973 
from the area between Buksefjord and Sermilik (Fig. 1, also 
Table 1, Numbers 4, 5, 6). Some of these samples are from 
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Fig. 1 Sketch map of the areas sampled. The numbers are the 
same as in the first column of Table 1. 


localities where Chadwick et al.’ believed they had unequivocal 
evidence for remobilisation of Amitsoq gneiss. A more recent, 
preliminary, report of the geology of the area has been given 
by Chadwick et ai.*. 

Further suites of Nûk-type gneiss samples were donated for 
this study by D. Bridgwater and V. R. McGregor from the 
Godthaabsfjord region (Fig. 1, also Table 1, Numbers 1, 3) 
and by J. S. Myers from Fiskenaesset (Fig. 1, also Table 1, 
Number 7). 

We summarise in Table 1 Rb-Sr whole rock isochron ages 
and initial *’Sr/®*Sr ratios obtained on a total of 96 samples of 
Nûk-type gneisses grouped into different areas (Fig. 1). We also 
present whole rock data for the post-tectonic Qérqut Granite 
(Fig. 1, also Table 1, Number 9), the last major rock-forming 





Table 1 Summary of Rb-Sr age and isotope results for Nik-type gneisses and Qérqut granite 


p No. of Mean Rb Mean Sr 

Area (see Fig. 1) Samples (p.p.m.)  (p.p.m.) 
1. Head of Godthaabsfjord l1 82 494 
2. Bjórneöenş§ .14 64 415 
3. Godthaab 11 44 584 
4. Buksefjorden 21 60 278 
5. Faeringehavn 8 74 248 
6. Sermilik 20 72 270 
7. Fiskenaesset (Majorqap qava) 11 86 488 
8. Fredrikshaabs Isblink}t+ 13 47 276 
9. Qérqut Granite, Ameralik 7 215 133 


*R = *'Rb/*Sr calculated from mean Rb and Sr. 
{Decay constant for ®Rb is 1.39 x 10 yr—, 


R* Age (Myr)t Initial °*Sr/**Sr Fi 
0.48 2,850-+60 0.7017 +0.0002 1.5 
0.45 2930+70 0.7023 40.0003 2.5 
0.22 2,780 £150 0.7026 +0.0005 3.0 
0.63 2870+60 0.7015 0.0003 3.0 
0.86- 2.790460 0.7031 £0.0005 2.0 
0.77 2780430 0.7020 £0.0002 1.5 
0.51 2880+50 0.7016 40.0003 2.5 
0.50 2,6604120 0.7032 £0.0010 <1 
4.8 2520490 0.709 +0.007 1.0 


{F = Error factor required to achieve least squares fit (that is M.S.W.D. < 2). Errors are quoted at 20, after taking F into account. 


§From Pankhurst et al.5, reanalysed. 
ttFrom Pidgeon and Hopgood?®, 
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event in the Godthaabsfjord region!. (Individual analytical data 
for these 103 samples are not reported here, but may be obtained 
on request from the authors.) Full details of chemical and 
mass-spectrometric techniques have been described elsewhere’. 
Rb/Sr ratios were determined by a precise X-ray fluorescence 
(XRF) technique described by Pankhurst and O’Nions”. 

New analyses on the 14 samples from Bjérneden reported by 
Pankhurst et al.5 (Table 1, Number 3) yield slightly revised age 
and initial ®’Sr/88Sr values of 2,930--70 Myr and 0.7023+ 
0.0003, mainly from recalibration of the XRF method using 
USGS standard rocks’. These are, however, still within the 
error of the published values, quoted earlier. The ages reported 
in Table 1 for groups 1 to 7 range from 2,780 to 2,930 Myr, 
whilst the initial ®’Sr/**Sr ratios range from 0.7015 to 0.7031. 
The errors within each range do not completely overlap, so 
that small, significant differences appear to exist, as discussed 
later. Nevertheless, our principal observation is that the group- 
ing is remarkable for its overall coherence in age and initial 
ratio over the huge area sampled (Fig. 1). 

Figure 2 is a composite Rb-Sr whole rock plot for all samples 
from groups 1-7 reported in Table 1. For comparison, the 
published values for the Amitsoq gneisses are also plotted**. 
The plot demonstrates the lack of overlap between the Nok and 
Amitsoq linear arrays and also shows that both gneiss groups 
exhibit a similar range of Rb/Sr ratios. This is not surprising, 
considering the close overall petrological and geochemical 
‘similarity between the comparable variety of rock types (for 
example, granites, granodiorites, tonalites and diorites) which 
make up both the Nok and Amitsoq gneisses. This in itself 
argues against formation of the Nûk gneisses by reworking of 
Amitsoqg gneisses, since this would be expected to result in a 
general increase of Rb relative to Sr in the remobilised material. 

Several samples from the Sermilik area (Table 1, Number 6) 
‘are at granulite grade, whereas all other samples in the present 
study are presumed to be at amphibolite grade. Clearly, meta- 
morphic grade has had no effect on the Rb-Sr age or initial 
87Sr/®Sr of the rocks. This accords with the view that the 
parent magmas of the Nûk gneisses were emplaced during an 
igneous event which was broadly contemporaneous with high- 
grade metamorphism and gneissification. This conclusion has 
been advanced specifically for the Ilivertalik granite on the 
south side of Sermilik, to which some of the present samples, 
which were all collected on the north side of Sermilik, may 
indeed belong, and which has yielded a U-Pb zircon age of 
2,835+10 Myr (ref. 11). Moreover, the mean Rb-Sr age of 
~2,850 Myr reported here for NOk gneisses agrees within 
analytical error with the mean »°’Pb/®°*Pb whole rock age of 
granulite facies gneisses and associated anorthosites from the 
Nordland-Sukkertoppen and ‘Fiskenaesset areas, respectively 
north and south of Godthaab (Fig. 1)'*. The Pb/Pb age was 
interpreted as the probable age of the granulite facies meta- 
morphism, whilst the actual Pb isotope ratios suggested that the 
gneisses were not' reworked Amitsoq gneisses: but represented 
an addition of crustal material from the upper mantle source 
regions within the period ~2,800-3,000 Myr ago. 

Figure 3 shows averaged Rb-Sr growth lines for the major 
rock units so far analysed from West Greenland, plotted in 
relation to a hypothetically linear upper mantle growth line. 
Two groups of much younger gneisses from South Greenland 
~ 1,700-1,800 Myr old}, are also-plotted for comparison. 

Consideration of Fig. 3 supports our earlier conclusion that 
the NOk gneiss-precursors were not derived by partial melting 
and mobilisation of Amitsoq gneisses, since the average growth 
lines of the latter are far too steep. By 2,850 Myr ago, the 
average *’Sr/®Sr ratios of Amitsoq gneisses would have been 
~0.705-0.715. This argument is strongly reinforced by the 
similarity in range- of Rb/Sr ratios between the Nûk and 
Amitsoq gneisses already noted above (Fig. 2). - 

We conclude that the “irrefutable” identification of Amitsoq 
gneisses by Chadwick et al.7* in the Buksefjorden—Sermilik 
area is contradicted by the dissimilarity of the present data with 
the established Rb-Sr chronology in the Godthaab region. In 
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Fig. 2 Rb-Sr whole rock isochron plot for a, Amîtsoq gneisses***, 

with 3,700-Myr reference line; b, Nûk-type gneisses, Groups 1 


to 7, Table 1, with 2,850-Myr reference line. Three very high 
Rb/Sr points have been omitted from each line. 


this connection, four whole-rock samples from just north of 
Sermilik, cut by amphibolite fragments considered as correla- 
tive with the Ameralik dykes, are included in Table 1, Number 6. 
They cannot be distinguished from the main body of data and 
separately yield an isochron age of 2,760-+80 Myr and an 
initial °’Sr/®°Sr ratio of 0.7020 +0.0004. 

At the present time there is very little evidence for Archaean 
rocks with high ®Sr/®*Sr ratios. Hurst et al.™ report an age 
and initial ®’Sr/®°Sr ratio of 3,120+-60 Myr and 0.7064 +0.0012 
for a group of late “Undifferentiated gneisses” from Saglek, 
Labrador, whilst Barton’ has quoted a value of 0.7044 +0.00010 
for gneiss from Hebron, Labrador dated at ~3,600 Myr, 
although in the latter case we believe there has been a serious 
underestimation of the error. Barton quotes errors calculated 
by two different methods but, for no stated reason, uses the 
lowest error value. Little is known of the chemistry of the Saglek 
“Undifferentiated gneisses” and the possibility that there has 
been redistribution of ®’Sr in these rocks on the scale of sampling 


Fig. 3 Average ®’Sr/®*Sr growth lines for: A, Amitsoq gneisses?‘ 
from a, Narssaq; b, Qilangarssuit; c, Praestefjord; d, Isua; 
B, Nûk-type gneisses (Table 1) from e, head of Godthaabsfjord; 
f, Björneoen; g, Godthaab; h, Buksefjorden; i, Faeringehavn; 
j, Sermilik; k, Majorqap qava, Fiskenaesset; C, 1, Fredrikshaab 
Jsblink!®; D, E, Ketilidian gneisses, South Greenland’; m, 
Group 1; n, Group 2; F, Qôrqut Granite, Ameralik. The line 
p represents a hypothetically linear upper mantle growth line. 
The inset is a magnification of points B and C for the Nûk-type 
gneisses listed in Table 1. 
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following a previous crustal history cannot be discounted. Such 
a process would mean that partial melting and intrusion of 
magma need not necessarily have occurred at 3,120+60 Myr 
ago. The only unequivocal case known to the authors in which 
Rb-Sr systems demonstrate “isotopic reworking” of Archaean 
crust is a Rb-Sr whole-rock isochron of 2,300+150 Myr 
with an initial ®"Sr/®*Sr ratio of 0.7126+0.0011 for gneiss from 
Vesterålen, Norway". Pb isotopes in the same rocks preserve 
an age of ~ 3,500 Myr, however, so that in this case it is unlikely 
that “isotopic reworking” involved segregation of a partial melt. 

The Qérqut granite of West Greenland (Table 1, Number 9) 
gives a whole-rock isochron age of 2,520+90 Myr and initial 
*"Sr/®Sr of 0.709-+0.007, in good agreement with a previously 
published mineral isochron for a related pagmatite!”. The high 
Rb/Sr ratios of the analysed samples have so far precluded 
more precise determination of the initial ®Sr/®*Sr ratio and this 
therefore remains ambiguous in terms of its petrogenetic 
implications. In view of the more extreme granitic aspect of the 
Qérqut granite (predominantly quartz and K-feldspar with few 
mafic minerals) compared to the earlier gneisses ıt might well 
be derived by remobilisation of old crustal material. 

The small but statistically significant range of age and initial 
87Sr/%Sr ratios of the Nûk type gneisses in West Greenland 
(see Table 1 and inset, Fig. 3) may genuinely reflect small 
differences in the age of emplacement and pre-history of the 
parent magmas. We believe that a plutonic episode of such 
magnitude comprises complex, multistage processes lasting for 
perhaps 100-200 Myr. It is, however, also possible that the 
gneisses have variously suffered partial redistribution of radio- 
genic *’Sr during the course of this episode, so that it is not 
possible to be absolutely sure that each of the isochrons in 
Table 1 records the specific age of emplacement of any one 
suite of cogenetic igneous rocks. The fact that none of the 
best fit lines are perfect isochrons (for which F<1 in Table 1), 
and that there is a faint suggestion of inverse correlation 
between isochron age and initial 8’Sr/®8Sr ratio within the 
2,900-2,650-Myr interval, emphasises this doubt, although the 
latter observation is rather heavily biased by the results of 
Pidgeon and Hopgood?8 from much further south at Frederiks- 
haabs Isblink (Fig. 1, also Table 1, Number 8). 

Our major conclusion remains that the igneous precursors 
of the Nûk gneisses throughout the area sampled represent a 
massive addition of new calc-alkaline material to the Archaean 
continental crust of West Greenland. These magmas separated 
from a low Rb/Sr source region, such as upper mantle, not 
more than 200 or 300 Myr at the most before the measured 
isochron ages of Table 1. Geochemical differentiation, magma- 
tism and metamorphism all occurred during the same major 
plutonic episode’-*°, There is as yet no isotopic evidence for 
the involvement of Amitsoq gneisses in the formation of the 
Nak gneiss precursors. 

We thank D. Bridgwater, V. R. McGregor, J. S. Myers for 
providing samples; B. Chadwick, K. Coe, A. D. Gibbs, 
M. R. Sharpe, P. R. A. Wells for help in the field; all the above 
for stimulating discussion; R. Goodwin and M. Humm for 
skilled technical assistance; the NERC and the Geological 
Survey of Greenland for support. 
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Characterisation of monounsaturated 
fatty acids from an estuarine sediment 


PREVIOUS investigations of fatty acids in marine sediments hav 
primarily been concerned with the concentrations of the 
individual acids rather than their chemical configuration!-‘, 
Brown and Swidler® have demonstrated the ability of clay to 
catalyse the conversion of oleic acid (18:14? cis) to elaidic acid 
(18:14° trans) accompanied. by extensive rearrangement of the 
double bond position. (18:1 = normal carbon chain length: 
number of double bonds). As most biologically produced olefinic 
acids are believed to be in the cis configuration, diagenetic 
changes in the sediment may alter the cis isomers to the more 
stable trans isomers, as well as cause migration of the double 
bond. Consequently, investigations of the monounsaturated 
fatty acid cis/trans ratio and position of the double bonds, with 
depth in the sediment, may yield significant information on 
diagenetic pathways of these acids. We have determined the 
presence of small amounts of palmitelaidic acid (16:1A° trans) 
and elaidic acid (18:1A° trans), as well as other positional 
isomers of these trans acids, in a Recent estuarine sediment. 
In addition, we have also confirmed that the major mono- 
unsaturated fatty acids are palmitoleic acid (16:1A° cis) and oleic 
acid (18:14? cis). We give here the methods for isolating these 
acids and confirming their structures, and their geochemical 
significance is discussed. 

The general collection and analytical procedures have 
previously been reported in detail+~?, Surface sediment (upper 
8-10 cm) was collected from station D in Narragansett Bay, 
Rhode Island*. The sediment was saponified (under reflux) 
for 2 h using 2:1 (v/v) 0.5 N KOH in 90% methanol-benzene, 
filtered through a Whatman No. 1 filter, and the filtrate trans- 
ferred to a separatory funnel. After addition of distilled water 
to give two phases, the non-saponifiable fraction was removed 
and backwashed with pH 10 distilled water. The resulting 
aqueous phase and the initial saponifiable fraction were then 
both acidified to pH 2 and extracted three times with petroleum 
ether. The combined ether phases were evaporated to near 
dryness at room temperature under reduced pressure using a 
rotary evaporator. Subsamples were then taken for each 
analysis. 

To subsamples I and II were added 17:1410 cis or 17:14” 
trans fatty acid internal standards. Each subsample was then 
methylated using BF -methanol and the methyl esters isolated 
by thin-layer chromatography (TLC). The methyl esters were 
further separated on AgNO,-TLC to isolate both cis and trans 
monounsaturated esters®’. 

The cis and trans fractions were individually analysed by 
flame ionisation gas-liquid chromatography (GLC) using a 
Hewlett-Packard model 5750 gas chromatograph. The resulting 
chromatogram for the frans methyl esters is shown in Fig. 1. 
The proper configurational assignments were made on the basis 
of relative retention times and coinjection with authentic 
standards on a stainless steel column (6m x 2.2mm inside di- 
ameter) containing GP-15% SP-2340 on 100/120 Chromosorb 
P, AW-DMCS (Supelco), resolution® = 0.83 for 16:14? cis 
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Fig. 1 Gas chromatogram of 16:1 and 18:1 trans methyl esters, in 
presence of 17:14! trans methyl ester internal standard, 
recovered from station D surface sediment. 


and trans. Each sample was also hydrogenated and co-injected 
with standard saturated esters 

To determine the quantitative amount of each acid, the areas 
of the peaks of the naturally occurring acids (before and after 
hydrogenation) were compared with the areas of the internal 
standard. (No natural 17:1 cis or trans was detected in the 
sediments.) The GLC analysis of I and IL-indicated the quantities 
of fatty acids in the sediment to be as follows (ug acid per g 
dry weight of sediment): for 16:1 cis, 17.1ug g-+, for 16:1 trans, 
1.7 pg g™, for 18:1 cis, 9.6 weg, and for 18:1 trans, 0.8 
ug g~. Analytical uncertainty was found to be + 10% or less. 
Thus in both cases, the cis isomer accounted for ~ 92% 
and the trans isomer ~ 8% of the total 16:1 and 18:1 acids. 

To investigate the possibility of the trans isomer being 
generated from the cis isomer during the saponification, 
methylation, or TLC procedures, a series of blanks was carried 
through the entire analysis. Each blank consisted of a pre- 
extracted sediment plus various combinations of 16:1, 17:1 
and 18:1 cis standard acids. No trans acids were generated 
during this procedure 

The configurational assignments were verified by infrared 
spectroscopy and combined gas chromatography—mass spec- 
trometry (GC-MS) analyses. Two separate subsamples, II 
and IV, were processed by the above methods without internal 
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standards. Portions of the purified cis and trans methyl esters 
were each analysed by GC-MS (Finnigan 1015C). The resulting 
GC-MS spectra for these esters were compared wıth spectra for 
authentic standards and agreed well in all cases. The GC-MS 
spectrum for the frans methyl ester of the eighteen carbon 
fatty acid is shown in Fig. 2. This spectrum shows the mole- 
cular ion peak at m/e 296 (M+). Some characteristic fragmen- 
tation peaks are m/e 265 (M+ —31), m/e 264 (M+ —32), m/e 
222 (M+ —74), and m/e 74 (McLafferty rearrangement)”. 

Separate portions of II and IV were analysed by infrared 
spectroscopy (Perkin Elmer model 521) and compared with 
authentic standard infrared spectra. The infrared spectrum 
of the trans methyl esters is presented in Fig. 3 and shows the 
characteristic trans absorption at 965 cm (10.3 um). The 
infrared spectrum of the cis methyl esters showed both the 
absence of the trans band at 965 cm™! and the presence of a 
stronger absorption in the region of 3,015 cm™ (3.32 um). 
The infrared and GC-MS spectra together with the GLC 
analyses confirm the presence of both 16:1 and 18.1 cis and 
trans acids. 

Portions of III and IV were oxidised using KMnO, in a 
modification of Downing and Greene’s™ procedure to deter- 
mine the position of the double bond. The sixteen and eighteen 
carbon cis oxidation products yielded primarily the C, and C, 
methyl esters and the C, dimethyl ester, indicating the double 
bond to be predominantly in the 9-10 position for both fatty 
acids. The ratios of the dimethyl] esters recovered indicate 
that ~ 62% of the double bonds in the cis isomers are in the 
9-10 position, 19% are in the 11~12 position, and 19% are in 
other possible positions from C; to Cs, and Cio. 

Analysis of the sixteen and eighteen carbon trans oxidation 
products again yielded primarily the C, dimethyl ester and the 
C, and C, methyl esters, indicating the double bonds in both 
trans isomers to be predominantly in the 9-10 position. The 
ratios of the dimethyl esters recovered from the oxidation of 
the trans isomers indicate that ~ 70% of the double bonds are 
in the 9-10 position, 23% are in the 11-12 position, and 7% 
are in other positions as above. Within the accuracy of the 
method, there is no significant difference between the positions 
of the double bonds in the cis and trans isomers. 

The three most common monounsaturated fatty acids found 
in organisms are oleic acid, palmitoleic acid, and vaccenic acid 
(18:1A" cis)!#, It appears that the major monounsaturated 
acids present in the examined surface sediment are the 16:1A°, 
18:1A® and 18:14". These are present as ~ 92% in the cis 
configuration and 8% in the trans configuration. Since the 
double bonds are primarily in two positions, the 9-10 and 11-12 
positions, this would seem to indicate that the cis isomers 
present in this surface sediment result from a direct biological 
input. The trans isomers result from either a direct input or 
from microbial modification of the cis isomers in the sediments. 
The trans isomers apparently do not result from the clay 
catalysed isomerisation of the cis isomer. According to Brown 
and Swidler® the clay catalysed isomerisation of the cis octa- 
decenoic acid yields a mixture of the trans isomers with the 
double bond ranging from the 2-17 positions, and the 9-10 
trans isomer making up only 23 % of the total. 
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Although the absolute quantities of the monounsaturated 
fatty acids normally decrease with depth in the sediment?, 
secondary effects may result from clay catalysis. As depth 
increases, the clay catalysed conversion of the cis to trans 
isomers may occur until an equilibrium mixture of cis and 
trans results (for the 18:1 acid, the equilibrium mixture is ~ 
33% cis, 67% trans®*18), As the cis isomer is isomerised to the 
trans isomer, it may also result in a migration of the double 
bond throughout the molecule. Thus with increasing depth 
in the sediments, there exist two potential biogeochemical 
markers based on monounsaturated fatty acids, the ratio of 
cis/trans and the position of the double bond. 
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Evidence for short term atmospheric 
“4C variations about 4,000 yr BP 


Ir is well established from radiocarbon measurement of tree 
rings of known age that the natural “C level in the Earth’s 
atmosphere has undergone a gradual change of more than 10% 
over the past 7,000 yr (see, for example, ref. 1). During this time 
there have probably also been periods of irregular fluctuation 
spanning a few hundred years (the so-called Suess ‘wiggles’?). 
The existence, in addition to these effects, of substantial shorter 
term (~ 10-20 yr) variations possibly correlated with solar 


activity is less certain. Farmer and Baxter (ref. 3) found “C 
variations of up to 3% in 10 yr (equivalent to an age error of 
+120 yr) over a consecutive sequence of 37 single tree rings 
taken from mid-nineteenth century wood grown in the Forest 
of Dean, England; but comparative measurements they made 
of twentieth century New Zealand wood were inconclusive. 
Twentieth century wood from Trondheim, Norway, showed 
a possible 0.6% variation’, and twentieth century North 
American wood showed about 0.3% (ref. 5). 

We present here the results of radiocarbon measurements of 
Red Deer antlers obtained from recent excavations of Neolithic 
flint mines at Grime’s Graves, Norfolk. When taken with the 
archaeological evidence these results indicate that short term 
variations similar to those found in wood from the Forest of 
Dean may also have occurred at an earlier period. 

During the later Neolithic in Britain (~ 2,000 yr b.c. on the 
basis of radiocarbon dating) flint was mined on a large scale at 
Grime’s Graves. Shafts, typically about 13 m deep and 3-5 min 
diameter, were sunk through superficial deposits into the Upper 
Cretaceous Middle Chalk to reach a more or less continuous 
20-cm layer of tabular flint. At the base of the shafts 4-7 horiz- 
ontal galleries ~ 75 cm-1.5 m high, 3-5 m wide and 5-10 m in 
length were cut. The antlers that were used for the radio- 
carbon measurements were used by the miners as levers or 
‘picks’ (Fig. 1) and were found in large numbers amongst the 
chalk rubble filling the galleries (chalk waste from new galleries 





Table 1 Radiocarbon dates for antlers from pit 15 





i Standard 

Age estimate A%t deviation 6C(%,) Lab. No. 

(date -+s.d.)* of A 
1,786+58 — 2.7 4.6 —2480 (BM-—980) 
1,870+46 — 6.2 3.6 —24.99 ‘BNO; 
1,877+45 — 56 3.5 —24.16 BM-973) 
1,899+44 — 3.9 3.4 —23.03 (BM-976) 
1,915+44 — 2.7 3.4 —25.00 ‘BM tog) 
1,918 +56 —25 4.3 —23.32 BM-1001) 
1,932+45 — 14 3.5 —21.16 (BM-—1002) 
1,937 +47 — 1.0 3.6 —24 13 (BM-974) 
1,940 +42 — 0.8 3.2 x —23.65, (BM-996) 
1,990+41 + 3.1 3.1 —24.10 (BM-975) 
1,999+42 + 3.7 3.2 —22.46 (BM-1003) 
2,010-+56 + 4.6 43 —24,87 ENEA 
2,042 +45 + 7.0 3.4 —23 00 BM-—998) 
2,065461 + 8.7 46 —24.53 (BM-977) 
2,072 +57 + 93 43 —23.25 (BM-1000) 


*Dates, expressed in yr b c. (5,570-yr half life), have been corrected 
for isotopic fractionation (84°C) relative to the PDB standard. The s.d. 
was derived from about 15 replicate measurements of each sample 
(totalling > 104 counts). 

TA values’ have been calculated from a mean age of 1,950 yr b.c. 
See Fig. 2 for the general distribution of these samples within the 
galleries of pit 15. 
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was back filled into those from which flint had already been 
extracted, sealing discarded antlers in position). The antlers 
were preserved in an environment entirely free from contamina- 
tion by more recent organic material. To eliminate the pos- 
sibility of exchange with more ancient carbon only the protein 
matrix remaining after complete demineralisation with dilute 
hydrochloric acid was used for the radiocarbon measurements. 

Table | lists the results of radiocarbon measurements (using 
the liquid scintillation counting method’) on antlers from one 
of the excavated pit groups (pit 15) originally made to obtain a 
series of archaeological dates for the mining activity. The 
measured ages are distributed over a range of some 300 radio- 
carbon years, with a mean value of 1,950 yr b.c. and a standard 
deviation for the distribution as a whole of 79 yr. This value is 
considerably larger than the average standard deviation for the 
individual age estimates (47 yr). Thus, it is very unlikely (at the 
99% confidence level) that each of the samples measured has the 
same “C concentration. The data also show a tendency to 
cluster into an early group (older than 1,990 yr b.c.) and a late 
group (younger than 1,940 yr b.c.; with one possible outlier at 
1,786 yr b.c.) which is related to the find positions of the antlers 
in the galleries (see Fig. 2). If that were because pit 15 was 
worked at separate periods the time spread needed to satisfy the 
data would be of the order of 120 yr, whereas all the available 
evidence indicates that this pit was actually worked for a single 
short period which probably did not exceed 10 yr, and may have 
been much less. One estimate? has suggested that one pit 
could have been fully exploited in six months. On this basis a 
reasonable estimate for the exploitation of the entire deep 
mining area at Grime’s Graves (some 400 pits) would be less 
than 200 yr as groups of adjacent shafts were most probably 
open contemporaneously. 

In support of the idea of rapid exploitation, excavated shafts 
show little trace of weathering implying that they were open for 
a short time and were then rapidly infilled artificially with the 
massive quantities of spoil resulting from the digging of new 
shafts nearby, Comparison with weathering evidence obtained 
from studies of artificial earthworks*** suggests a maximum of 
5-10 yr as a cautious overestimate of the length of time for 
which a shaft was open. Taken altogether this means that the 
galleries of any one excavated pit complex, whether they radiated 
from the central pit or from the shafts surrounding it, would 
most probably all have been cut within a decade at most and the 
abandoned antlers sealed in place within that time. 

Therefore, we must assume that the variation found is 
attributable to an effect other than real age differences, and is 
inherent either in the measurement procedures used in our 
laboratory or in the samples themselves. Taking the first 
alternative, the samples were measured in small groups inter- 
spersed with measurements of other totally unrelated samples, 
over a period during which our well tried monitoring procedures 
revealed no abnormalities in the behaviour of the counting 
system, and we can see no reason to doubt the reliability of the 
results. 

We therefore propose that the variations are most probably 
attributable to an effect inherent in the samples. Antlers grow 


Fig. 1 Deer antler pick. 
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Fig. 2 Diagrammatic plan of the galleries of pit 15 at Grime’s 
Graves, showing original position of each sample. E, L, indicate 
whether the radiocarbon age estimate obtained falls early or late 
in the sequence (see text and Table 1). x, Shaft of pit 15; xs, ap- 
proximate positions of surrounding shafts. Scale in metres. 


and are shed each season, and since they would not be suitable 
for use as tools unless collected when freshly shed, those 
accumulated in any one pit complex must form a physical 
assemblage of short-lived material of a restricted age range. 
From the number of antlers found (over 70 in pit 15) it is 
evident also that they were regarded as expendable and were 
casually discarded when blunted or broken. It is reasonable to 
assume, therefore, that the “C activity of the antlers found in a 
particular gallery closely reflects the atmospheric activity in the 
summer before that gallery was mined. It is worth noting here 
that the antlers in the lower left hand corner of Fig. 2 all had a 
similar activity. The range of C activity observed in the antlers 
from pit 15 as a whole is much larger than can be accounted for 
unless there were marked year-to-year changes in atmospheric 
4C activity. Our results would require a minimum atmospheric 
NC variation of the order of 2% over a period of 10 yr or less. 
In the light of previous findings (refs 3-5) that is not implausible, 
although the exact cause of the variations remains obscure. 

We recognise that our interpretation of these measurements 
rhust remain an hypothesis at present but the alternative 
explanation that the pit was in use over a 120-yr period is 
contrary to the archaeological evidence. Finally, the stable 
isotope values (6'°C, Table 1) do not support the possibility that 
the observed "C variations are attributable to dietary factors 
affecting the deer. Clearly, more work is necessary, and we hope 
to substantiate our findings by excavating further material from 
a different pit at Grime’s Graves during the coming season. 

Our preliminary conclusion is that, although differing fun- 
damentally from tree rings (where either the absolute or relative 
age is known initially) the special circumstances of the physical 
association of the antlers provides direct corroborative evidence 
for the kind of short term “C variation previously observed in 
recent tree rings. 

More generally, we suggest that although knowledge of the 
ultimate resolution that radiocarbon dating can achieve is still 


inexact, all such assemblages of ancient short-lived material 
should be regarded as archival stores of geochemical data of 
great potential value. 
RICHARD BURLEIGH 
ANDREW HEWSON 
Research Laboratory, 
The British Museum, 
London WCIB 3DG, UK 
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Lead isotope studies of metal 
sources for ancient Nigerian ‘bronzes’ 


INTEREST in the composition of Nigerian ‘bronzes’ began in 
1897, the year of the British punitive expedition to the city of 
Benin, when Nigerian metal art was brought to the attention 
of the western world as a spoil of war. In spite of the dissemina- 
tion of much of this art to museums, and the subsequent focus 
of research, important questions concerning the chronological 
ordering of the pieces and relationships among forms and 
iconographies remain unanswered. 

Elemental analyses of a number of these ‘bronzes’ (see refs 
1-7) reveal that they are actually copper alloys with varying 
amounts of zinc, lead, tin and other metals. Though patterns 
of elemental composition can be discerned, statistically well 
defined measurements are not easily accomplished® and inter- 
pretation of the patterns is difficult. 

Since the lead content of most pieces is appreciable (> 1%- 
12%; see Table 1), enough, in fact, to suggest that its addition 
may have been intentional, we have conducted lead isotope 
analyses. As each lead ore deposit has a set of characteristic 
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ratios among the isotopes, source distinctions can often be 
clearly drawn. Small samples in the tens of milligram range 
have been collected by scraping from approximately 180 
‘bronzes’ from various museums in Nigeria, Europe and the 
United States. Analyses (see ref. 9) to determine lead isotope 
ratios have been made of samples from 17 of the more important 
‘bronzes’ (Table 1 and Fig. 1). Only two of the three independent 
ratios are illustrated in Fig. 1, but all three ratios have been 
examined with interactive, three-dimensional computer graphics, 
and compared with isotopic ratios from known lead sources. 

The lower panel of Fig. 1 shows a surprisingly strong cluster- 
ing of the isotopic ratios. All of the Benin pieces have virtually 
the same isotopic ratios, in spite of a speculated range of 
production dates spanning approximately from the fifteenth 
to the nineteenth century. In this same cluster, which we 
identify as Benin +, pieces identified as ‘Owo’ (Table 1, B), 
‘Udo’ (J) and ‘Lower Niger’ (A, G, H and M) are also found. 
In contrast, the two pieces excavated at Igbo-Ukwu (P and Q), 
for which there is evidence of a ninth century date? (which has, 
however, been contested"), show quite different values for the 
isotopic ratios. The single piece studied from Ife(O), considered 
by some" to be a cultural forerunner of Benin (and identified 
in Benin oral tradition as the source of Benin metal working 
knowledge’) has intermediate values for the two isotopic 
ratios shown in Fig. 1. One piece, the ‘Lower Niger’ ram’s 
head pectoral (H), has two ratios falling in the Benin + cluster 
and one ratio resembling the [gbo-Ukwu pieces. 

Three major conclusions can be drawn. First, the similarity 
of the isotopic ratios for the Benin + group provides evidence 
for a single source of lead for the entire time span and variety 
of locations represented by that group. (The ‘Lower Niger’ 
pectoral is a possible exception.) It is unlikely that lead from the 
Benin + group is a mixture from isotopically different sources 
since the mixing ratio would have to be nearly constant for all 
the pieces. 

Second, support is lent to the hypothesis that Igbo-Ukwu, 
Ife and Benin were indeed separate traditions. 

Third, the great majority of lead deposits in use today are 
ruled out as sources, as will be discussed elsewhere. 

Several questions are raised, however: 

@ Why is there such a constancy of lead source throughout 
the Benin + group in the light of shifting trade patterns within 
Africa and with Europe. 

è What is the nature of the apparent link between the 
makers of the Benin, ‘Udo’, ‘Owo’ and the ‘Lower Niger’ 
pieces ? 





Table 1 Lead isotope ratios in Nigerian ‘bronzes’ 





oPh 206Pb mpi 

2 Ph PD 208Pb 

A ‘Lower Niger’ (NML 72.16.26)* Igala bell-head 18.41 1.1705 0.4774 
B ‘Owo’ (Benin?) (I 65.4.1)t Stool 18.41 1.1726 0.4774 
C ‘Jebba’ (NML exhibit) (0.80°% Pb; ref. 11) Bowman 18.42 1.1740 0.4785 
D Benin (BM 1903.10-22.3)t Late Period head 18.47 1.1739 0.4786 
E Benin (BM 1963.Af9.1) Early Period head 18.49 1.1757 0.4780 
F Benin (BM 97.10-11.1) Early Period head of Queen Mother 18.49 1.1756 0.4780 
G ‘Lower Niger’ (BM 1952.Af11.1) Huntsman 18.50 1.1758 0.4788 
H ‘Lower Niger’ (BM 1930,4-23.1) Ram's head pectoral 18.47 1.1770 0.4839 
1 Benin (BM 1949.Af46.156) Musician 18.48 1.1763 0.4772 
J  ‘Udo-style’ (Benin) (BM 1948.Af9.1) Head 18.43 1.1759 0.4797 
K Benin (BM 98.1-15.32) Plaque 18.43 1.1778 0.4789 
L Benin (BM 98.1-15.34) Plaque by Master of the Circled Cross 18.43 1.1771 0.4792 
M ‘Lower Niger’ (BM 1956.Af27.224) Head 18.41 1.1771 0.4799 
N Benin (BM 97.10-11.1) Early Period head of Queen Mother 18.39 1.1773 0.4788 
O Ife (BM 1939. Af34.1) (11.4% Pb; ref. 3) Head 18.51 1.1881 0.4789 
P Igbo-Ukwu (NML 39.1.13) (6.4% Pb; ref. 2) Ritual vessel in shape of shell 18.75 1.1912 0.4822 
Q  Igbo-Ukwu (NML 39.1.2) (4.5%, 9.8% Pb: ref. 2) Bowl 18.90 1.1986 0.4838 
Probable errors +0.06 +0.001 +0.001 





*Nigerian National Museum Lagos. 
tUniversity of Ife, Institute of African Studies. 
tBritish Museum, London. 
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Fig. 1 a, Isotopic ratio distribution for geological lead samples 

from Africa and Europe from the Tables of refs 13-15 (small 

box corresponds to range shown in b), b, lead isotope ratios for 

Nigerian ‘bronze’ objects listed in Table 1 (probable errors 

for all measurements are as shown for object Q). A-Q, Objects 
listed in Table 1. 


è Could the Ife piece be a mixture of the sources used by the 
Igbo-Ukwu culture which may have preceded it, and the 
Benin culture which may have followed it? 

e What were the actual sources of the lead and the patterns 
of its trade? Were the sources local (Nigerian) or were the raw 
materials brought from elsewhere in Africa (perhaps on trans- 
Saharan trade routes) or did they arrive from Europe? 

Work is continuing to attempt to answer some of these 
questions. 
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Parental investment, mate 
desertion and a fallacy 


Trivers! defines parental investment as ‘“‘any investment by the 
parent in an individual offspring that increases the offspring’s 
chance of surviving . . . at the cost of the parent’s ability to 
invest in other offspring”. He has cleverly used this de- 
finition to elucidate many outstanding problems in social 
ethology!—?. But one of his most appealing usages of it is fal- 
lacious. 

He states!: “At any point in time the individual whose 
cumulative investment is exceeded by his partner’s is theoretic- 
ally tempted to desert”. The context is that of a mated pair of 
birds, cooperating in the rearing of young. At various times 
during incubation the female has invested more in the offspring 
than the male, and the male is said to be tempted to desert. 
At other times the male’s cumulative investment is higher, and 
the female is then said to be tempted to desert. 

If true, this idea would have interesting consequences. A 
female, in danger of being deserted after copulation, might 
force a male to invest heavily in her offspring before they are 
conceived. The price of copulation might be a well built nest 
and plenty of courtship feeding. Even useless ‘labours of love’ 
might be imposed as a means of increasing the male’s invest- 
ment before copulation, and therefore of reducing his tempta- 
tion to desert afterwards. The theory also neatly uses the 
difference in gamete size to explain why females make better 
parents than males. As Trivers says: “. . . her initial very great 
investment commits her to additional investment more than the 
male’s initial slight investment commits him”. 

The idea has been influential‘, and it appeals to economic 
intuition. A government which has invested heavily in, for 
example, a supersonic airliner, is understandably reluctant to 
abandon it, even when sober judgment of future prospects 
suggests that it should do so. Similarly, a popular argument 
against American withdrawal from the Vietnam war was a 
retrospective one: “We cannot allow those boys to have died 
in vain”. Intuition says that previous investment commits 
one to future investment. 

The fallacy can be demonstrated by analogy. Supposea female 
has an orphaned baby brother, the same age as her own son. 
She has only enough food to keep one of the two infants alive. 
Which should she prefer? Intuition points to the son, but this 
is not necessarily correct. There are no genetic grounds for 
preferring either infant: the mother’s relatedness’ to both 1s 
the same, 0.5. A naive application of parental investment theory 
predicts that the female should prefer the son on the grounds 
that she has already invested heavily in him: she should not 
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let all her earlier investment go to waste by preferring the 
brother, in whom she has invested nothing. 

This argument is wrong for it misunderstands why quantity 
of previous investment is important. A child in whom more 
has already been invested should be preferred only because 
he is going to need less investment in the future. This means 
he can be fledged (or weaned) sooner, and the parent will 
therefore be free to invest in new children sooner. Our hypo- 
thetical female should prefer whichever of the two children 
has already had most invested in him, regardless of who did the 
investing, because his future life can be bofight more cheaply. 

We now return to the original quotation from Trivers. The 
father and mother have an equal genetic stake in each offspring. 
Either parent’s reluctance to desert at any moment should be 
related to the quantity of investment still needed to bring the 
offspring to maturity. This quantity will be negatively related 
to the amount that has already been invested: it does not 
matter who did that investing. Trivers almost acknowledges 
this in another part of the same paper, when he suggests that 
it may pay either partner, even the one who has so far invested 
most, to desert. This forcible closure of options puts the 
deserted partner in “a cruel bind”. But Trivers’s characterisa- 
tion of the cruel bind is misleading: “. . . the deserted partner 
. .. has invested so much that he loses considerably if he also 
deserts the young, even though, which should make no differ- 
ence to him, the partner would lose even more”. The true nature 
of the cruel bind is this. Regardless of who did the previous 
investing, the young have had so much poured into them ‘that 
either partner alone has a good chance of rearing them. To 
desert after one’s partner has deserted is to condemn the 
young to death; to desert first merely condemns one’s partner 
to make the difficult decisión. Genes for deserting first are 
favoured by natural selection, precisely because genes for 
deserting second are not. But in either case, the important 
quantity influencing the decision is quantity of future investment 
which will be required. 

It is of course true that previous investment by a particular 
parent is relevant to how much he or she can invest in the future: 
this is the basis of Trivers’s definition. But for each particular 
parent this is a lifetime’s calculation: the amount invested 
in the current offspring is only a small part. There is thus no 
justification, other than sheer coincidence, for Trivers! to draw 
the cumulative investment curves of his male and female with 
the same starting baseline. A parent should value the life of a 
particular child as a function of the proportion that this child 
represents of his total future reproductive prospects. These 
future prospects will be negatively correlated with the total 
amount he has invested in his lifetime, but only negligibly 
with the amount he has invested in the current particular child. 

Does the theory that female coyness might evolve as a means 
of forcing males to invest early, thereby reducing their tempta- 
tion to desert later, survive our objection to its parent assump- 
tion? This depends on how the majority of females in the 
population behave. If the majority play the same coy game, 
desertion tactics will not pay a male: he-commits himself to a 
period of prolonged and costly courtship with a new female 
before she will let him copulate. If conditions are such that it 
would pay females to renounce coy tactics, however, the optimal 
strategy for a male could well be different. This is one of those 
cases of conflict of interest where the best strategy depends on 
what others are doing. We therefore suggest that the appropriate 
conceptual tool is Maynard Smith’s®~® “evolutionarily stable 
strategy” (ESS). The contest is ““asymmetric’’®, the basis of the 
asymmetry being sex. We seek a stable combination of male and 
female strategies, for example, a ratio of ‘coy’ to ‘fast’ females 
which is stable against an equally stable ratio of ‘faithful? to 
‘philanderer’ males. Preliminary analysis® suggests that there 
are conditions in which a stable equilibrium, consisting largely 
of coy females and faithful males, could evolve. More work 
is required (J. Maynard Smith, unpublished), but the point we 
make is that these are the lines along which the thinking must 
be. We must not simply assume that the partner who has in- 
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vested least in the current offspring is the one most tempted 
to desert. i 

The other suggested consequence of Trivers’s theory which 
we have already mentioned was that the female’s high initial 
investment commits her to continued high investment: thus 
viviparity, milk-secretion, highly developed maternal care, and 
so on. Once again, the idea is wrongly expressed. A female 1s 
‘committed’ to future investment in a child, not because of how 
much she has already invested in that child, but because of the 
cost of finishing the task, ın relation to how much she would 
have to invest in order to bring a new child up to the same age. 

In any case, the idea-of past commitments leading to future 
commitments had difficulties in explaining the high incidence of 
paternal care among teleost fish?°. Instances among birds and 
mammals where the father plays the main parental role are 
extremely rare; in the teleosts they are commonplace. Why the 
difference? The following theory makes use of Trivers’s “cruel 
bind” idea, referred to earlier. 

Gametes dry up in air, so this has forced terrestrial animals to 
copulate rather than practise external fertilisation as many fish 
do. After copulation, the female is left physically in possession 
of the zygote and while ıt is still in her body she cannot desert it, 
but the male can. However fast she lays it, the male is still 
offered the first opportunity to desert, thereby closing the 
female’s options and forcing her into Trivers’s cruel bind. For 
the reasons already discussed, this tends to lead to the evolution 
of maternal care. 

Fish are not similarly obliged to copulate since there 1s no 
danger of their gametes drying up. In such externally fertilising 
species there is no automatic sense ın which the female is left in 
possession, allowing the male to make his escape. Either sex 
might thus use the quick-desertion strategy. But there is a 
possible reason why the male might be more vulnerable to being 
left ‘holding the baby’. Whichever partner spawns first is likely 
to be one jump ahead, but there ıs danger ın spawning too 
early; the partner may not be ready. Sperm being lighter than 
eggs, tend to diffuse faster and so males have more to lose 
from premature spawning than females. Females can therefore 
afford to spawn earlier than males, putting them in a strong 
position to leave the male in possession of the newly conceived 
zygotes, forcing him into Trivers’s cruel bind. This explains the 
widespread evolution of paternal care in fish. A comparative 
analysis of the incidence among teleosts” of external fertilisation 
against intromission, in relation to paternal against maternal 
care, might be rewarding. 

In conclusion, a parent ‘deciding’ whether to desert a child 
should ask the following questions. How closely related! is this 
child to me? How likely is 1t to survive 1f I do, and if I do not, 
desert it? What proportion of my total future reproductive 
potential does this child represent ? How much would it cost me 
to make a new child equivalent to this one? The parent should 
ignore its own previous investment in the particular child, 
except in so far as it affects the answers to these questions. 
Trivers is largely right, but partly for the wrong reasons. 

We thank Dr. Robert L. Trivers for accepting our criticism 
and encouraging us to publish it. 
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Nitrate reductase as a possible 
predictive test of crop yield 


NITROGEN supply is one of the key factors affecting the 
quality and quantity of crops. The amount of nitrogen 
fertiliser used is increasing year by year; on a worldwide 
basis we now use seven times the total fertiliser used in 1939 
(ref. 1). In many developed countries the use of excess nitro- 
genous fertiliser is already causing environmental dis- 
turbance, especially in inland rivers and lakes, and repre- 
sents a potential danger to drinking water supplies. By 
contrast, in much of the world crops are grown in condi- 
tions of nitrogen deficiency. Lacking in each situation is the 
availability of a reliable method for determining the amount 
of nitrogenous fertiliser, if any, which should be applied 
for optimal yield with minimum cost and environmental 
side effect, or for maximum use of limited resources. We 
have found that early season assays of nitrate reductase 
provide such a method. 

Usually, whatever the source of nitrogen fertiliser, soil 
conditions ensure that nitrogen enters the plant pre- 
dominantly as nitrate. The first and rate limiting step in 
nitrate utilisation is catalysed by the inducible enzyme, 
nitrate reductase? and Hageman’s group in Illinois have 
demonstrated a correlation between nitrogen supply, nitrate 
reductase activity integrated throughout the year and grain 
yield in wheat? and maize’ In these experiments, which 
were conducted in suboptimal nitrogen conditions, addition 
of further nitrogen, especially during the early part of the 
growing season, led to increases in nitrate reductase activity 
and in final grain yield. 

We have examined the possibility of using nitrate 
reductase assays, early in the development of the crop, as 
a predictor of ultimate grain yield. In the first series of 
experiments wheat plants (Hope/Chinese Spring substitu- 
tion line 7B) were grown in sand culture in controlled 
conditions in growth rooms, at a number of defined nitrate 
levels. Nitrate reductase activity in the uppermost fully 
expanded leaf (which was found to have the highest nitrate 
reductase activity (R. Hallam and G. C. Blackwood, un- 
published results)) was measured weekly in vitro and the 
effect of nitrate concentration on nitrate reductase activity 
was compared with the effect on the final yield. The data 
are shown in Fig. 1. There is a good correlation between 
nitrate reductase and yield (r= +0.90, n=7) at the earliest 
date of measurement, except at high (50 mM) nitrate con- 
centrations. Similarly, there was a good correlation between 
grain yield and grain protein ((=+0.969, n=8) indicating 
that increasing nitrogen supply had no effect on the protein 
content of the grain. Furthermore, there were no significant 
changes in amino acid composition. Thus early nitrate 
reductase activity provides a good estimate of ultimate grain 
yield. 

The critical test of a predictive assay is its successful use 
on crops growing in the field To be sure of nitrogen 
deficient conditions for such a test, experiments were 
carried out (in collaboration with Dr. A. 'E. M. Hood of 
ICI’s Jealott’s Hill Research Station) on long standing 
nitrogen deficient plots at West Isley, Berkshire. Plots were 
treated with 0, 75, 112 or 150kgha™’ of nitrogen and 
measurements of nitrate reductase made early, in the 
middle and late in the growing season. The crop was spring 
barley var. Julia As before, samples for assay consisted of 
the uppermost fully expanded leaves and these were 
collected in the morning and stored at ambient temperature 
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Fig. 1 Nitrate reductase activity as related to nitrate concentra- 
tion in wheat (Triticum aestivum Hope/Chinese Spring, 
substitution line 7B). The enzyme was extracted from the first 
fully expanded leaf and assayed according to Filner’ ( x , 2 weeks; 
o, 3 weeks; A, 4 weeks after sowing). For comparison the final 
grain weight per plant is shown (@). Plants were grown in sand 
culture on Long Ashton growth medium? adjusted to give the 
desired NO;~ concentration while maintaining constant ionic 
strength. Day length was 16h; temperature 25/17 °C and light 
intensity 35 W m7’. 


for several hours before nitrate reductase was determined 
by an im vivo assay in the laboratory, later in the day. 
Storage of intact leaves in this way did not significantly alter 
the enzyme activity. This is important if the test is to be of 
any practical use. 

The activities of nitrate reductase at the three times of 
measurements are compared with the final yield in Fig. 2. 
The data show that, on the earliest date of estimation (3-4 
leaf stage), less than maximal nitrate reductase activity is 
a reliable predictor of suboptimal yield. This is in agree- 
ment with the data obtained in the growth room. Amino 
acid composition was unaffected by the treatments. Once 
again, there is an increase in yield obtainable at nitrogen 
levels in excess of those required for maximal nitrate 
reductase induction. As with the growth room experiments, 
however, the increase in yield at these high nitrogen levels 
is far less in relation to added nitrogen than that obtained 
at lower levels where yield is correlated with nitrate reduc- 
tase activity. 

Although the measurements reported here were carried 
out in the laboratory, the in.vivo assay can easily be used in 
the field An alternative method which we'also investigated, 


Fig. 2 Nitrate reductase assayed on three dates (open columns) 

and final grain yield (hatched) in barley (Hordeum vulgare, var. 

Julia) plants. Enzyme activity was assayed ın vivo by the method 

of Stewart et a/.®°, Standard errors: enzyme activity, -+-0.155 pmol 
NO,- reduced per h per g; yield, +238 kg ha~. 
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measurement of tissue nitrate, is far more complex and less 
reliable, and although it yielded similar results in our con- 
ditions, it is known that NO;” accumulation without related 
nitrate reduction can occur™®, Although the nitrate reduc- 
tase measurements do not correlate perfectly with final 
yield they provide a useful test for future yield except at 
the highest nitrogen levels and there is at present no 
remotely reliable alternative. Furthermore preliminary 
results of Hallam and Blackwood (unpublished) suggest that 
by careful selection of tissue for assay a correlation which 
is less time dependent can be obtained. The increasing cost 
and scarcity of natural resources, the important need to 
conserve our environment and a continuously increasing 
worldwide requirement for protein may well make such a 
test less than a luxury in the near future. 
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Possible origin for insoluble organic 
(kerogen) debris in sediments from insoluble 
cell-wall materials of algae and bacteria 


KE&ROGEN is an inert amorphous organic material insoluble in 
organic solvents, mineral acids, and bases}. In spite of its 
abundance, the precise molecular structure of this insoluble 
organic material has long remained an enigma. Structural 
determinations are complicated by the fact that the structure 
of any kerogen from different samples varies depending on the 
types of organic material originally responsible for its forma- 
tion, and variations in the environmental conditions experienced 
during and after its formation. We have shown that kerogen- 
like material can be isolated from recently deposited algal mats. 
On oxidative degradation this material gives rise to products 
similar in nature to those obtained by degradation of ancient 
kerogens known to be of algal origin». These results imply 
that kerogen-like precursors or proto-kerogens, are formed 
very rapidly on a geological time scale and are found in certain 
types of recent sediments rich in organic matter. 

We have now carried out similar degradation studies on some 
pure cultures of blue-green and green algae and bacteria, to 
determine whether the types of degradation products produced 
would be comparable to those previously obtained from the 
degradation of ancient kerogens known to be of an algal 
origin. Microscopic examination of ancient shales, such as the 
Green River oil shale* or Tasmanian tasmanite®, clearly shows 
that the bulk of the organic material in these shales is derived 
from blue-green or green algae, bacteria, fungi and other 


microorganisms. It is the organic material from the residues’ 


of these organisms which represents the starting point in the 
formation of algal kerogens, although major changes can occur 
in the structure of the residues after deposition in the sediments 
and the formation of kerogens. A study of the insoluble organic 
material from contemporary blue-green and green algae, and 
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bacteria, however, should provide valuable comparative 
information on the origin and possible method of formation 
of algal kerogens. 

The inertness of kerogen is testified to by the fact that it is 
the residue which remains after acid treatment of a rock or 
shale sample to remove minerals, such as carbonates and 











Fig. 1 Gas chromatograms of the unbranched oxidation products 
obtained from the oxidative degradation of the insoluble residues 
from the algae and bacteria as indicated. The Tasmanian tas- 
manite kerogen fraction contains the ether soluble oxidation 
products from a 60-h oxidation of the kerogen. Numbers 
mndicate that these peaks have been identified as a, @-dicarboxylic 
acids with the corresponding number of carbon atoms. Peaks 
labelled 14° and so on indicate that these peaks have been 
identified as normal acids with the corresponding number of 
carbon atoms. Note that in all the chromatograms, except those 
from the Anacystis and Rhodopseudomonas, the distributions 
maximise at the Cy-a,@-dicarboxylic acid. In the chromatogram 
from the Tasmanian tasmanite, the products maximise at the 
C,-a,@-dicarboxylic acid. Note that the Tasmanian tasmanite 
chromatogram represents only the ether soluble degradation 
products; the normal acids, normally extracted with heptane, 
are not present in this chromatogram. Note, however, that the 
major degradation products from these organisms are basically 
the same as those from certain ancient kerogens although there 
are minor differences in the distributions. These chromatograms 
were obtained using a Varian 2700 gas chromatogram equipped 
with a FID detector. A 15-foot x 1/16-inch stainless steel column 
packed with Dexsil 300 on Gas Chrom Q was used for analysis 
in the following conditions: oven temperature 100-280 °C, 
6° min~; injector temperature 280°C; detector temperature 
250 °C, and a helium flow rate of 15 ml mıin™. Computerised 
gas chromatography—mass spectroscopy analyses were carried 
out on a DuPont 491-2 mass spectrometer coupled with a Varian 
204 GC Mass spectral data were acquired using a DuPont 
21-904 data system. a, Chlorella pyrenoidosa; b, Chlorobium; 
c, Phormidium luridium; d, Rhodopseudomonas spheroides; e, 
Anacystis nidulans; f, Tasmanian tasmanite kerogen. 
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Table 1 Elemental analyses, yields and ratios of branched-unbranched products obtained from the insoluble organic residues of the organisms 








indicated 
Ratio of branched- 
Organisms Elemental analyses of residues A* Bt unbranched products 
%C %H YN % Ze %Ash 
Algae 
Nostoc muscorum (blue-green) 454 6.1 140 28.6 0.7 5.2 2 16 13:1 
Anacystis nidulans (blue-green) 48.9 71 13.2 29.6 0.5 0.7 2 45 5:1 
Phormidium luridium (blue-green) 49.7 6.7 13.0 29.0 0.7 0.9 2 8 4:1 
Chlorella pyrenoidosa (green) 51.4 6.8 13.2 277 07 0.2 2 7 5:2 
Bacteria 
Rhodopseudomonas spher oides (photosynthetic) 52.5 69 11.3 284 0.8 01 1 6 2:1 
Chlorobium (sulphur bacteria) 50.5 6.9 11.0 30.7 0.6 0.3 1 6 4:1 


a 


*Amount (g) of insoluble residues used 1n the oxidation reaction. 


+Yields (mg) of products obtained on extraction of the oxidation reaction mixture with heptane and ethyl acetate 


silicates, and exhaustive extraction of the remaining residue 
with organic solvents to remove any soluble lipid material’. 
Any humic material can also be removed from this residue by 
‘treatment with potassium hydroxide. Kerogen is the most 
abundant reservoir of organic carbon on the Earth, and as an 
example of its abundance it has been estimated that there are 
3x 1015 tons of kerogen, compared with 5x 1012 tons of coal, 
in the Earth’s crust®. 

Tissot et al. have characterised kerogens as originating either 
from algal debris, humic or plant debris, or from a mixture 
of both types of material. Of the two extremes, algal kerogens 
are generally considered to have an aliphatic-type structure 
and humic kerogens an aromatic structure”. Many chemical 
and physical degradation studies carried out on kerogens 
from ancient shales and sediments have yielded valuable, 
although limited, structural information. The reagents used in 
chemical degradation studies have included oxidative reagents 
such as potassium permanganate, chromic acid®, and ozone”, 
and reductive reagents such as lithium aluminium hydride". 
Pyrolysis is another technique which has been used to degrade 
kerogens!2, The majority of this work has been carried out on 
kerogens isolated from such ancient shales as the Green River 
oil shale? (Eocene, 50x10%yr) or Tasmanian tasmanite® 
(Permian, 220-275 x 10° yr), (see ref. 8 for additional examples 
of kerogens examined). 

We have carried out degradation studies on the insoluble 
organic residues obtained from cultures of the algae and bac- 
teria shown in Table 1. The conditions in which these cultures 
were prepared and the results of the soluble lipid analyses 
have been described previously!*4. Freeze-dried samples of 
algae and bacteria (Table 1) were treated as for the isolation of 
kerogen from an oil-shale sample. Each sample was exhaustively 
extracted with a mixture of toluene-methanol (1:1, using 
ultrasonication) and after 16 successive extractions the organic 
extracts were colourless, indicating removal of all readily 
soluble pigments and lipid material. (Jt was assumed that ultra- 
sonication was sufficient to rupture the cells; however, the 
residues were not examined under the microscope either at this 
stage or after the HCl treatment. The possibility of some 
intracellular lipids remaining after extraction and hydrolysis 
cannot be completely excluded.) The residues were subsequently 
hydrolysed with 6 N HCI and, after centrifugation and removal 
of the aqueous layer, exhaustively extracted again with organic 
solvent. In the case of an oil shale, the kerogen is further 
concentrated by treatment with 48% HF and HNO, to remove 
silicates and pyrites, respectively. This was unnecessary, 
however, in the case of these pure cultures for obvious reasons. 

The resulting residues, after drying, were subjected to 
alkaline permanganate oxidation described previously. The 
organic oxidation products were extracted from the reaction 
mixture with heptane and then ethyl acetate, and these extracts 
subsequently combined. After methylation of the extracts by 
BF,/MeOH, they were fractionated into branched and un- 
branched fractions by urea adduction. These fractions were 
subsequently analysed by gas chromatography, and com- 


puterised-gas chromatography-mass spectrometry. Com- 
ponents in the various fractions were identified from their 
relative retention times, coinjection with standards where 
possible, interpretation of individual mass spectra, and com- 
parison of mass spectra with authentic spectra wherever 


possible. 
Table 1 shows the elemental analyses of the organic residues 
from the cultures, the yields and relative amounts of un- 


Fig. 2 Gas chromatograms obtained of the branched oxidation 
products from Phormidium luridium (a) and Chlorella pyrenoidosa 
(b). Conditions as in Fig. 1. These two chromatograms illustrate 
the major features seen in the branched component fractions 
from all the samples. The C, -ketone was the dominant product 
in all cases and the second major product was benzoic acid 
(as the methyl ester derivative used for gas chromatographic 
analysis). Chlorella pyrenoidosa was the exception, in that it was 
the only sample on degradation to give the isoprenoid acids 
(the label b-C,, indicates the peak corresponding to the Cy¢- 
isoprenoid acid) shown in this chromatogram. 
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branched and branched components after oxidation and 
fractionation. The yields of oxidation products are noticeably 
low. This is not surprising and was indeed anticipated since it is 
known that the cell-wall material of blue-green algae consists 
mainly of protein and polysaccharides!*. On oxidation this will 
give rise to water-soluble amino acids and carbohydrates 
which are removed in the aqueous layer during the extraction 
of oxidation products. These products were not examined. 

Figures 1 and 2 show the chromatograms obtained from the 
analyses of the oxidation products of the insoluble residues 
and indicate the components which have been identified. The 
unbranched fractions were dominated by a, -dicarboxylic 
acids in the range C,-C,, with maximum at Cy, and n-acids 
in the range C,,-C,, with a maximum at either Cis Cis or Cis 
(Fig. 1). These acids were not found ın the soluble lipid extracts 
(except for certain of the n-acids!*"4) of the algae or bacteria 
and therefore do indeed represent degradation products of this 
insoluble cell debris. The branched fractions were less complex 
than the above mentioned fractions and in the majority of 
cases consisted of benzoic acid, a C,,-isoprenoidal ketone 
(6,10,14-trimethylpentadecan-2-one), and in one example, 
Chlorella pyrenoidosa, of Cys, Cig, Cin Cis and Ci iso- 
prenoidal acids in relatively small amounts. These degradation 
products in turn bear a remarkable resemblance to those 
obtained from the oxidative degradation of ancient kerogens 
known to be of algal origin—for example, kerogen from the 
Green River oil shale® or Tasmanian tasmanite®. The individual 
mixtures of products in this study are not anywhere near as 
complex as those from ancient kerogens. This is not surprising, 
however, when one realises the differences in age, thermal 
history, and environmental conditions that have been experi- 
enced by the ancient kerogens at the other end of the geological 
time scale. 

There are several possible origins for these degradation 
products. First, they could be derived from intracellular 
chlorophyll, which is not removed during the extraction process. 
This would tend to support the theory of Oehler et al." that 
intracellular chlorophyll becomes grafted on to cellular macro- 
molecules, and with increasing maturation finally gives rise to 
kerogen. It would also support the theory of Burlingame and 
Simoneit!*, who proposed that the presence of the C,,- 
isoprenoid ketone in the degradation products of Green River 
shale kerogen indicated cross linking at the allyl rearrangement 
centre of phytol (derived from the phyty! side-chain of chloro- 
phyll) during its incorporation into the kerogen moiety. 

Second, it is possible that the degradation products are 
derived from cellular macromolecules which on oxidation 
give rise to the above mentioned products plus other water- 
soluble products not examined here. This would support the 
theory that it is this residual polymeric debris which is the 
source of the major building blocks of kerogen. With increasing 
time additional soluble lipid material can become condensed 
to this basic framework by irreversible chemical reactions, 
possibly catalysed by clay minerals in the local sedimentary 
environment. This mechanism plus condensation between the 
polymeric debris itself would give rise to the kerogen matrix 
as found in many sedimentary environments. 

To extend our theory that the insoluble residues from 
algae and bacteria are the basic building blocks for kerogen, 
maturation experiments attempting to incorporate “C-labelled 
biolipids into these residues are underway It is anticipated that 
in simulated geological conditions, the degree of cross linking 
within the insoluble residues will increase and incorporation 
of the “C-biolipids will also occur. 

This work was supported by NASA, the A. L. Day Fund, 
and in part by the US ERDA. We thank Mr S. Brown for 
assistance; and Dr B. R. Simoneit for a sample of the oxidative 
products of the Tasmanian tasmanite kerogen. 
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Prepupal larval mosaics 


in Drosophila melanogaster 


THE metamorphosis of insects provides a model system for 
the study of hormone action. In Drosophila, metamorphosis 
is initiated by the formation of a puparium with a rigid 
cuticle that becomes tanned early in the prepupal period. 
Subsequently many larval tissues degenerate and the 
imaginal tissues develop to produce the adult insect. These 
processes are initiated in Drosophila by the steroid moulting 
hormone, £-ecdysone’. We are interested in the mechanisms 
by which -ecdysone elicits adult development. The 
recovery of mutants which cannot respond to the hormone 
would facilitate investigation into the nature of the action 
of B-ecdysone. We have isolated systematically a series of 
late larval and prepupal X-linked lethals (ref. 2 and un- 
published results of I.K. et al.), about 15% of which are 
non-pupariating (npr) lethals in which metamorphosis is 
not initiated. We have investigated whether the npr con- 
dition is a result of the autonomous inability of the mutant 
target tissues to respond normally to B-ecdysone or rather 
is a stage-specific failure in the production of the hormone. 
Our results indicate that in most npr lethals the tissue 
cannot respond to the hormone. Futhermore, we estimate 
that there are 100-200 such lethals in the genome of 
D. melanogaster. 

One way to investigate whether there is a failure in res- 
ponse to B-ecdysone or a loss of its synthesis for X-linked 
recessive lethals is to produce gynanders containing patches 
of male (X/O) tissue in which the recessive lethal is hemi- 
zygous (hence potentially expressed) and female (X/X) 
tissue in which the recessive gene is heterozygous (hence, 
phenotypically unexpressed). Production of such gynanders 
in D melanogaster is accomplished routinely by crossing 
ring-X males with females heterozygous for the lethal. In 
the progeny two types of females are produced; one type 
carrying the ring X and a lethal-bearing X chromosome, 
and a second type carrying the ring X and a non-lethal- 
bearing X (usually a balancer chromosome). During early 
nuclear divisions in the embryo the ring X chromosome is 
occasionally lost from some cells with the resultant produc- 
tion of an organism containing both male (X/O) and female 
(X/X) tissue. For progeny carrying the lethal one would 
predict that if the npr condition were autonomous there 
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Fig. 1 Photographs and schematic diagrams of larval-prepupal 
mosaics: /()d. norm.-\1"/ring (1)2 (b) and 1(1): d. norm.-12/ 
ring I(2) (a). See ref. 3 and the legend to Fig. 2 for a description 
of genetic nomenclature and stocks. In the schematic diagrams 
the cross hatched regions represent tanned puparial tissue. 


should be no adult gynanders produced, but instead 
developmentally arrested mosaics composed of prepupal 
(X/X) and larval (X/O) tissue. The latter condition would 
be identifiable readily by the presence of tanned puparial 
tissue sharply separated by distinct boundaries from white 
larval tissue. 

Such larval-prepupal mosaics were obtained in all of six 
npr mutants investigated. Examples are shown (Fig. 1) 
involving two independently recovered npr lethals. There 
were sharp boundaries between the larval and the pupari- 
ated tissue. For three of the six mutants investigated there 
was good evidence that some of the mosaics resulted from 
gyander production. In one case, involving /(/)d. norm./2, 
the maroon-like marker had been added by recombination 
to the chromosome carrying the lethal. Since ma-/ lacks 
aldehyde oxidase activity, male (X/O) tissue will be defi- 
cient in the enzyme activity and hemizygous for the lethal, 
but female (X/X) tissue will have aldehyde oxidase activity 
and be heterozygous for the lethal. Histochemical identifica- 
tion of the tissue distribution of the enzyme activity using 
Janning’s method* revealed perfect correspondence between 
aldehyde oxidase negative and non-pupariating tissue as 
expected for male (X/O) tissue in a gynander. (Details of 
experiments using ma-/ will be published elsewhere.) In a 
mosaic involving /(/)d. norm.-/", the anterior of the mosaic 
was larval, had yellow mouth hooks and thus could be 
identified as male (X/O) tissue because of the presence of 
the recessive yellow marker on the lethal-bearing X chromo- 
some. The posterior, which had pupariated, contained 
ovaries, and thus was composed of female (X/X) tissue. 
In another case, involving /(/) discless-/, the larval region 
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of the mosaic contained no imaginal disks while the pupari- 
ated region had normal imaginal disks. As a control, 
females carrying the ring X and a recessive X-linked lethal 
which causes death after puparium formation, /(/) d. 
norm.-6, failed to produce any larval-prepupal mosaics in 
contrast to the npr lethal /(/) d. norm.-/* (Table 1), Adult 
gyanders of female sibs carrying a non-lethal X chromo- 
some were found easily in both cases. Adult gynanders have 
not been found for any of the six npr mutants investigated. 
Nevertheless, because of the absence of appropriate 
markers, we lack evidence that some larval—prepupal 
mosaics are the result of gynander production for three of 
the six mutants investigated. Caution in interpretation is 
necessary because larval—prepupal intermediates can be 
produced by mistreating larvae (for example, by prolonged 
immersion in water). The results indicate, however, that 
50% or more of X chromosome npr mutants involve 
autonomous defects in the target tissue. 
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Fig. 2 Map positions of X chromosome npr mutants. The methods 
used for determining map positions are presented elsewhere 
(ref. 2 and unpublished results of 1.K. ef al.). Mutants isolated 
in Szeged are indicated by Sz; those isolated in Berkeley by B. 
The lethals are phenotypically described in terms of the condition 
of the imaginal disks. Mutant nomenclature: /(/): lethal, first 
chromosome, has been omitted; d.: disk: norm: normal: degen.: 
degenerate. 


Eight npr mutants have been mapped and assigned ap- 
proximate map positions (Fig. 2). There are at least six 
(probably seven) loci involved. Based on map position and 
phenotypic similarity we conclude that two mutants, 
1(1) d. norm.-12 and I(1) d. norm.-I® are allelic and located 
slightly to the right of yellow (ref. 2 and unpublished results 
of LK. et al.). Although /(/) discless-1 and 1(1) d. large-! 
map close to each other they are phenotypically very dif- 
ferent and probably not allelic. From the above information, 
assuming that the induction of mutants follows a Poisson 
distribution, it is possible to estimate the total number of 
npr genes. We calculate that the X chromosome contains 
about 20 npr genes and the whole genome of D. melano- 





Table 1 Gynander recovery using two late-acting lethals 




















Offspring 
Males Females 
Binsn/ring X Lethal/ring X 
Adult Adult Adult Adult Adult Adult Larval 
Cross Bin sn lethal non-gynanders gynanders non-gynanders gynanders prepupal 
mosaics 
npr-lethal ; 458 0 16 25 9 0 12 
ring (1)2/) Yy* 33 * ae 

1(1) d. norm—1*/ Binsny % gynanders: 58°% (25/41) 57% (12/21) 
Prepupal-lethal ; 503 0 22 20 9 oo 
ing (1)2| Yy*33 > - — — - 
1(1) d. norm.—6/ Binsn $9 °% gynanders: 47% (20/42) 5°4(1/20) 





For a description of genetic nomenclature and stocks see ref. 3 and the legend to Fig. 2. About 10 aged, virgin females were mated in vials 
with five males. Flies were transferred to fresh vials every 2 d for 2 weeks. Vials were examined twice daily from the emergence of the first off- 
spring until no progeny or live larvae were found over 48 h. Stocks were maintained on standard Drosophila medium at 25 C. 
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gaster about 100. A similar estimate can be obtained from 
the percentage of late acting lethals that are npr mutants. 
Of the late acting lethals on the X chromosome 17% (9/53) 
have the npr phenotype (ref. 2 and unpublished results of 
I.K. et al.). Shearn® estimates from studies on third chromo- 
some lethals that there are about 900 genes in the Droso- 
phila genome which cause late lethality. From this number 
we estimate that there are about 150 npr genes (17% of 
900). Kiss and coworkers (unpublished) based on results 
involving late acting X chromosome lethals, estimate that 
there are about 750 late acting lethals in the D. melano- 
gaster genome, about 125 of which will be mpr lethals. 
Although these estimates are approximations, they all 
suggest that the total number of npr genes is small, that is 
100-150, Thus, it should be possible to recover mutants of 
all such X-linked genes and probably of all those on the 
autosomes as well. 

In cases where larval and prepupal mosaicism occurs, the 
presence of the two types of tissue together in the gynander 
indicates that the -ecdysone titre has reached sufficient 
levels to initiate metamorphosis. Thus, in these cases the 
mutant tissue cannot respond normally to the hormonal 
stimulus. We estimate the total number of npr genes pre- 
venting a specific response of a target tissue to the hormonal 
stimulus to be 75 or more. But the bases of action of the 
mutants may be separable into at least three different 
classes, and all may not be involved in the response to £- 
ecdysone per se. In addition to the category of mutants in 
which functions necessary to produce a puparium are lost, 
one can imagine a category of mutants affecting the com- 
petence of the epidermal tissue to become programmed to 
respond to the hormone by puparium formation and a third 
category in which premature degeneration of the tissue 
precludes puparium formation. As in vitro test systems are 
available, involving larval target tissues (salivary glands*, 
imaginal disks’ and larval cuticle"), it should be possible to 
investigate the effects of the autonomous npr mutants at 
the cellular and molecular level and distinguish between 
the above possibilities. 

The production of gynanders with both larval and pre- 
pupal tissues has implications for studies involving the re- 
covery of adult gynanders. The inability to respond to B- 
ecdysone implicit in the autonomous npr condition is 
apparently not limited to the larval epidermis, but involves 
other larval tissues’. The maintenance of a substantial 
fraction of tissue in the juvenile form while another frac- 
tion proceeds into and through metamorphosis in all likeli- 
hood will result in the failure of eclosion of the adult fly. 
Thus, even if the effects of the lethal gene are limited to 
larval tissues, the recovery of adult gynanders might be 
rendered highly unlikely. Such a case is provided hy 
/(1) d. norm.-1I* (Table 1) and also by /(/) d. norm.-/2 in 
which no gynander tissue has been found in carrier adult 
females (ring/lethal-bearing X) but in which mutant disks 
develop (albeit poorly) along with the host after transplanta- 
tion into the haemocoel of a wild type larva’. 

This research was supported in part by a research grant 
from NIGMS and through the auspices of UNESCO. 
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Determination of cell shape by 
a cell surface protein component 


CONSIDERABLE evidence derived from the study of animal cells 
cultured in vitro implicates the cell surface in the regulation of 
cell division and in the expression of the phenotypic state of the 
cell. Cell surface is a broad term used to indicate the lipid 
bilayer of the cytoplasmic membrane containing intrinsic 
(stably integrated) and peripheral (easily removable) protein 
constituents plus carbohydrate complexes! ~*. There are indica- 
tions that some of the intrinsic constituents are of fundamental 
importance in certain physiological processes such as ion 
transport and transport of metabolic precursors'~*. On the 
other hand, it is not known whether components that are 
more loosely bound to the cell surface play any specific role in 
cell physiology because no cellular function has so far been 
examined in relation to such components. We report here that 
determination of cell shape is affected by a cell surface protein 
component easily detachable from the cell exterior. 

Secondary or tertiary mouse embryo fibroblasts (MEF) 
derived from the C57BL/6 strain were grown in Eagle’s BHK 
medium supplemented with 5% foetal calf serum. A medium 
of the same composition and osmolarity as that of the culture 
medium, but containing no serum (serum-free medium, SFM), 
was used for washing and incubation during the experiments. 
Our first aim was to investigate whether any material could be 
removed from the cell surface without the aid of proteolytic 
enzymes or chelating agents. Cultures that had been washed 


Fig. 1 a, Cells labelled with “C-amino acid mixture. b, Cells 

labelled with “H-p-glucosamine. Histograms on the left represent 

radioactivity associated with non-dialysable material from 

cultures 20h after seeding; histograms on the right from cultures 
72 h after seeding. 
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30 min and 3h after shaking 


scope*?. 


four times were incubated in SFM containing either “C-protein 
hydrolysate (50 mCi per matom C, 1 pCi ml") or *H-p-gluco- 
samine-HC] (3 Ci mmol ~, 2.5 pCi ml~). After about 20 h the 
radioactive medium was removed, the cells were washed and 
fresh SFM, a quarter the original volume, was added. The 
cultures were then placed on a flat surface and submitted to 
horizontal shaking at 20 °C using a frequency of three excursions 
per second and an amplitude of 5 inches. The medium from 
each culture was collected at 30-s intervals, centrifuged at 
2,000g for 10 min, dialysed in SFM and assessed for radio- 
activity. Figure 1 shows that both protein and carbohydrate 
containing macromolecules were freed easily, and that most of 
the radioactivity was removed with the pattern of a distinct 
entity within the first minute. A 3-h “Cr release assay’ showed 
no difference between shaken and unshaken cultures, indicating 
that cell integrity had not been affected by the mechanical 
perturbation. In fact, the ease with which cellular material 
could be removed was demonstrated by gentler procedures. 
Simple SFM washings yielded variable but sizeable amounts of 
labelled components. 

The most obvious and immediate parameter investigated in 
studies of cell behaviour is form. When returned to an incubator 
at 37 °C, cells that had been washed or shaken showed a degree 
of transient rounding. This could be reproduced with uniformity 
of response and with a consistent kinetic pattern if synchronised 
tertiary S phase fibroblasts were used and if the shaking procedure 
described above lasted for a standard period of 1 min. A reduc- 
tion of the cell projected area and an increase of thickness was 
noticeable soon after incubation, and was followed by a pro- 
gressively increasing rounding. At 20 min cells were markedly 
round with elongated cytoplasmic processes extending in thin 
ramifications. The rounded state was maintained for a short 
time, then, gradually, within about 3 h, the cells reverted to their 
original appearance. Figure 2 a-d shows some of the stages in 
the described sequence of events. Rounding did not occur nor 
could reflattening take place if the cells were left at or trans- 
ferred to room temperature. 

Among the factors that contribute to determination and 
maintenance of form are the architectural structures of the cell 
surface. It seems unlikely, however, when the phenomenon we 
describe is seen in the light of a cause-effect relationship, that 
constituents that are stably integrated in the surface membrane 
could have a primary (first in time) role in the initiation and 
modulation of the morphological changes as the principle 
of variation is implicit to the concept of modulation. Thus the 
induction of rounding that follows shaking in SFM is more 
likely to be a consequence of the removal of extrinsic factors 


Fig. 2 Mouse fibroblast cultures. a, Control; b, c and d, 5 min, 
in SFM. e as in c, 15 min after 
addition of cell surface material. Nomarski Interference contrast 
microscopy (x 530), Cells were grown in a water bath at 37 °C 
on 26-mm diameter round coverslips placed at the bottom of a 
Sterilin universal container cut to a height of 1 inch below the 
screw cap and held in place by a smear of silicone grease and 
a rubber sleeve, allowing observation under an inverted micro- 
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required for the maintenance of cell shape and reversion to the 
flattened state to beduetothe cell’s ability to replace the removed 
components. To test this possibility we investigated whether 
the shaken material had any effect on cell morphology. The 
fraction removed from the cells after 1 min of shaking (Fig. 1) 
was concentrated by ultrafiltration through Amicon PM-10 
membranes (10,000 molecular weight cutoff) to a protein content 
of 0.5 mg ml~'. Dilutions of this preparation in SFM down to 
about 50 ug protein per ml prevented the induction of cell 
rounding when added immediately after shaking and caused 
rapid reflattening when ‘added to rounded cells (Fig. 2e). 
We used chromotographic separation to investigate whether 
this effect was due to the macromolecular complex as a whole 
or to any components in particular. Concentrated material 
(2 mg) was loaded on a column of Sephadex G-75 pre-equilibra- 
ted and eluted with SFM at 4 °C. Examination of the fractions 











Fig. 3 Coomassie blue staining of 5% SDS-polyacrylamide gel 

electropherograms, 6, Active fraction from Sephadex column; 

a and c, neighbouring fractions; d, unfractionated shaken 

material; e, immunoglobulin heavy and light chain (25,000 

molecular weight bottom band); f, foetal calf serum. Arrow 

indicates band unique to active preparations. a to c, high 
contrast photography. 


a h e d e I 





140 





Fig. 4 Autoradiographs from 7.5% SDS polyacrylamide gel elec- 

tropherograms of iodinated preparations run in duplicate. c 

and c’,; Active fraction from Sephadex column; 4 and b’, whole 

cell; dand d’, unfractionated shaken material; a and a’, foetal calf 

serum. Arrow indicates position of migration of corresponding 

band in the various preparations. No corresponding band was 
present in the serum. 


showed that only one (no. 13; 20-25,000 expected molecular 
weight) had the protective activity detectable in the original 
material. The protein content of this fraction was about 
10 ugml™ but a 1:2 dilution still retained activity. This 
fraction (no. 13) and the two neighbouring fractions (nos 12 
and 14) were concentrated and examined by sodium dodecyl 
sulphate—polyacrylamide gel electrophoresis" in parallel with 
the original unfractioned material and with a sample of the 
foetal calf serum used for cultivating the cells. Comparison of 
the pattern of migration of the banded components after staining 
of proteins showed that only one band (< 25,000 molecular 
weight) was unique to those preparations able to maintain or 
reinduce the flattened state (Fig. 3). The cellular origin of this 
component was endorsed by the absence of a corresponding 
band in the serum. Staining of the gels by the periodic acid—Schiff 
method for carbohydrate" did not permit detection of the 
active component, indicating the possible absence of sugar 
residues in the protein molecule. 

Although the procedure used clearly indicates that several 
cellular components were loosely attached to the cell exterior 
and could easily be removed, final identification of the active 
factor on the cell surface was sought by lactoperoxidase- 
catalysed iodination ('*°1) of the intact cells, a technique used 
to label selectively membrane proteins exposed at the cell 
surface", Parallel '*°I labelling of unfractionated material, of 
Sephadex fractions and of serum proteins was carried out by the 
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chloramine-T method". Lactoperoxidase iodination was done 
in monolayer cultures that had been washed three times in 
phosphate-buffered saline (PBS, containing Ca** and Mg**) 
to remove serum. After iodination the cells were washed twice 
in PBI (sodium iodide instead of chloride as in PBS) containing a 
protease inhibitor and then collected by scraping. Comparison of 
the autoradiograms after polyacrylamide slab gel electrophoresis 
showed a corresponding band in the active Sephadex fraction, 
the whole cell preparation and the concentrated material 
removed by shaking in SFM (Fig. 4). No correspondence was 
found with protein constituents of the iodinated serum. The 
presence of the common band and its relevance in relation to 
the effect exerted on morphology was corroborated by the 
results obtained from densitometric analysis (courtesy of Dr 
P. Gray, Imperial College, London) of autoradiographs from 
iodinated active and inactive preparations (Fig. 5). 

This report describes an immediate relationship between the 
physiological state of the cell as expressed by shape and a 
protein component that originates from the cell surface where 
sizeable amounts can be removed without the aid of enzymes 
or chelating agents, as in the case of the large molecular weight 
surface glycoprotein found in untransformed mouse, 
hamster and chick cells'**-1'*. We have evidence that 
the mechanism by which this component affects cell shape 
involves a transmembrane effect on the arrangement of the 
cell's cytokinetic structures, microfilaments in particular. 


Table 1 Protection of cell rounding by shaken material from 


normal fibroblasts and from transformed cells 





Cell type from which 
material derived 


Nil (SFM) 
MEF 
PVTT2 
PVTT3 
L57 

CEF 


Cell type on which material tested 
MEF 3T3 


+ 


+tHH 





PVTT2 and PVTT3, polyoma virus-transformed lines from 
C57BL/6; L57, spontaneously transformed line of C57BL/6 fibro- 
blasts; CEF, chick embryo fibroblasts. +, rounding; —, protection. 
All shaken material preparations were derived from the same number 
of cells. 


Figure 6 shows that in the flattened state microfilaments close 
to the surface membrane have an orderly distribution which is 
modified to condensed patches near the surface when the 
rounded state is induced. We have found (unpublished work) 
that the constituent which affects cell shape is spontaneously 
released in the cell environment and that the extent and rate of 
this process is greater in quiescent cells. This indicates that the 
presence of this component within the surface and its con- 


Fig. 5 Densitometric tracings of 7.5% SDS-polyacrylamide gel autoradiograms. a Unfractionated shaken material; b, active Sephadex 
fraction; c, neighbouring inactive fraction. Arrow indicates peak common to active preparations. Films scanned from right (top of gel) to left. 
Joyce-Loebl autodensitometer MK MI, 0.096 density units per cm. 
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Fig. 6 Electronmicrographs of vertical sections through the 

upper surface of comparable regions of mouse fibroblasts 

(x 50,000). a, Control cell showing a regular array of micro- 

filaments forming a layer close to the plasma membrane. b, 

Cell 15 min after induction of rounding, showing absence of 

microfilament layer and appearance of dense aggregations near 
the plasma membrane (arrows). 


centration both at the surface and in the surrounding environ- 
ment could be an important factor for the determination and 
modulation of shape during the cell cycle. In a separate report 
we shall describe its relationship with cytokinetic structures. We 
have also investigated whether the entire fraction removed by 
shaking transformed C57BL/6 cell lines'® in SFM had any 
effect on the morphology of the normal C57 or 3T3 Swiss 
fibroblasts, as detectable by prevention or reversion of cell 
rounding. Table | shows that none of these tested materials 
exerted the marked protective effect shown by the preparation 
derived from normal fibroblasts. The significance of these 
results in relation to the presence of a surface factor that affects 
morphology and its relevance to the phenotypic state and 
altered growth properties of the cell during transformation will 
have to be investigated. In view of reports relating cell mor- 
phology to concentration of 3’, 5-cyclic AMP*:21, endogenous 
levels of this nucleotide were assessed in the various experimental 
conditions described above (courtesy of Dr E. Rozengurt, 
Imperial Cancer Research Fund Laboratories). The results 
showed that no detectable differences existed and that the 
changes of shape were not the consequence of variations in the 
intracellular concentration of cyclic AMP. 

We thank the Cancer Research Campaign for support. We 
also thank Mr J. Crolla for assistance with the interference 
microscopy, and Dr L. Bannister for electron micrographs. 
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Precipitating antibodies 
in von Willebrand’s disease 


We report the presence of precipitating antibodies in three 
patients with von Willebrand's disease (VWD), an inherited 
deficiency of factor VIII (anti-haemophilic factor, AHF). 
To our knowledge this is the first description of patients 
with complete biological and immunological deficiency of a 
plasma-clotting protein responding to replacement therapy 
by the production cf antibodies with properties indistin- 
guishable from those elicited in animals. AHF is a high 
molecular weight (> 10°) glycoprotein complex’ associated 
with two biological activities; one necessary for normal 
clotting (VIII: C) and the other for normal platelet func- 
tion (Willebrand factor, VIIIR: WF). Specific antigenic 
determinants (VIIIR: AG) can be reliably quantified using 
heterologous antisera**. Any concept of the structure or 
the molecular genetics of AHF needs to incorporate the 
clinical and immunological findings in the two congenital 
disorders associated with AHF deficiency: haemophilia A 
and VWD. The former is a sex-linked deficiency of VIII: C 
alone whereas the latter represents a deficiency of all three 
parameters of the AHF complex and is inherited as an 
autosomal trait. Non-precipitating antibodies to AHF, 
acquired after replacement therapy, are common in 
haemophilia A (ref. 4) but only one case has been reported 
in VWD"*. 

Purified IgG was prepared by precipitation with 40% 
ammonium sulphate and n-octanoic acid’ from the plasma 


Fig. 1 Double diffusion in agarose of purified human AHF 

complex (Vo) showing a line of identity between homologous 

antibodies in VWD (H.Ab) and heterologous (rabbit) antibodies 
(R. 


Ab). 
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Fig. 2 Inhibition of ristocetin-induced platelet aggregation by 
plasma from VWD with inhibitor. 50 ul of patient plasma 
(serially diluted from 1:1 to 1:8) was mixed with 150 ul of normal 
platelet-rich plasma, followed by the addition of ristocetin 
(1.5 mg mi~). The control used was 50 pl of plasma from 
severe VWD patients with no inhibitor. Similar results were 
Observed with purified IgG from the patients tested using either 
platelet-rich plasma or normal washed platelets plus normal 
platelet-poor plasma. a, Control; b, 1:8; c, 1:4; d, 1:2; e, 1:1. 


of three patients with VWD who showed evidence for 
inhibitor (of 67 tested). The purified IgG in each case gave 
a line of precipitation with normal and haemophilia A 
plasma, but not with that of VWD. Precipitation between 
antibodies and VIIIR: AG from normal plasma was also 
demonstrated using the Laurell technique* and by radio- 
immunoassay’, These homologous antibodies therefore have 
similar properties to those raised in animals against purified 
human AHF, which is confirmed by the finding of a line 
of identity between both types of antibodies (Fig. 1). The 
purified IgG had a low titre (< Um!) of anti-VIII: C, 
whereas they strongly inhibited VIIIR: WF as measured 
with ristocetin (Fig. 2). This effect on platelet function 
was specific for VIIIR: WF, since there was no inhibition 
of ADP, collagen or adrenalin-induced platelet aggregation. 
These IgG partially inhibited bovine and porcine AHF- 
induced platelet aggregation, however, indicating that the 
effect was not species specific. 

Our findings support the contention that VWD is the 
result of decreased synthesis of normal AHF (ref. 2). Only 
those rare patients who are completely deficient would have 
no immunological tolerance to the protein. Our three 
patients, two of them brothers, had been transfused on mul- 
tiple occasions because of an unusual severity of the disease. 
The absence of measurable plasma levels of VIII: C (ref. 
10; <0.01 U ml"), VIHR : AG (ref. 9; < 2.5X 107 U ml’) 
and VITIR : WF (ref. 11; <0.03 UmI"') and the reduced 
levels of VIIIR: AG and VHIR: WF in the parents is con- 
sistent with the homozygous state’. Challenge by trans- 
fusion in such patients would be expected to induce an 
antibody response which, as a result of the multiple anti- 
genic stimulation from a totally foreign protein, could elicit 
polyvalent antibodies to AHF capable of binding and pre- 
cipitation. Haemophiliacs seem to synthesise a non-func- 
tioning glycoprotein which may have very few antigenic 
determinants different from normal. Consequently anti- 
bodies are more common but precipitation is unlikely to 
occur because of the paucity of determinants and the dif- 
ficulty in lattice formation between antigen and antibody. 

In conclusion, precipitating antibodies have been found 
in three polytransfused patients with severe homozygous 
VWD. Such antibodies seem to be mainly directed towards 
VIIIR: WF and VIIIR: AG rather than towards VIII: C. 
Since VIII: C may reside on a separate molecule linked by 
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non-covalent bonds to VIIIR: AG, it remains to be demon- 
strated whether the partial neutralisation of VIII:C is 
specific or secondary to steric hindrance. 
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Control of brain tryptophan 
concentration in rats on a high fat diet 


SYNTHESIS in the brain of the neurotransmitter 5-hydroxy- 
tryptamine (5-HT) is influenced by the concentration of its 
precursor tryptophan’. Much attention has therefore been 
paid to the determinants of brain tryptophan concentration. 
Evidence suggests that plasma free tryptophan is an 
important influence on brain tryptophan’’* and that both 
concentrations increase when plasma unesterified fatty acids 
(UFA) rise’*** and release plasma tryptophan from 
albumin’. Other results, however, disagree. Thus feeding 
rats for 2h with high fat diets apparently led to large 
increases in serum UFA and free tryptophan but not brain 
tryptophan™™", We now present evidence suggesting that 
the latter findings may have been due to in vitro lipolysis 
during either the preparation of serum or its dialysis at 
37 °C for 3.5h to separate free tryptophan’. Here we des- 
cribe work in which precautions were taken to avoid in 
vitro changes and which is consistent with a relationship 
between plasma free tryptophan and brain tryptophan 
concentrations. 

Male Sprague-Dawley rats (200-220 g) (Anglia Labo- 
ratory Animals) housed three per cage were maintained 
on ALGH standard rodent diet (Grain Harvesters) and tap 
water ad libitum and subjected to a 6h: 18h light: dark 
cycle. After a 5-d adaptation period, food but not water 
was withdrawn at 1600 and on the following day at 0800 the 
animals were given access to either their normal diet or to 
a high fat diet (fatty bacon and bread both fried in corn 
oil), After 2h they were decapitated and blood was col- 
lected into both heparinised and plain tubes cooled in an 
ice bath, for the preparation of plasma and serum res- 
pectively. Total time between blood collection and separa- 
ration of plasma and serum (by 5min centrifugation at 
2-4 °C) was 10 and 40 min, respectively. Samples of 0.5 ml 
of plasma were ultrafiltered for free tryptophan determina- 
tion as before’, but at 2-4 °C instead of room temperature. 
Plasma and serum samples (0.1 ml) were also frozen using 
solid CO: immediately after separation for subsequent 
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determination of UFA”. Plasma and serum residues were 
then incubated in a water bath at 37 °C for 4h, cooled to 
2-4 °C and separate plasma samples were ultrafiltered for 
free tryptophan determination and frozen for determination 
of UFA as described above. Brains were stored at —20 °C 
for determination of tryptophan’. 

Plasma or serum samples from rats fed on the high fat 
diet were all lipaemic while those from control fed rats 
were all clear. UFA concentrations of unincubated plasmas 
were significantly greater in the former group and the per- 
centage of free tryptophan increased. But as plasma total 
tryptophan was proportionately lower in the high fat fed 
rats (see legend to Fig. 1) free tryptophan concentrations 
of unincubated plasmas were similar in rats on either diet. 
As Fig. la shows, brain tryptophan concentrations were 
also similar and thus are consistent with the previously 
found relationship between plasma free tryptophan and 
brain tryptophan**. 

When, however, the plasma of rats given the high fat 
diet was incubated at 37 °C for 4h, UFA and free trypto- 
phan concentrations increased five- and sevenfold, respec- 
tively. (Plasma UFA had already increased more than four- 
fold in samples withdrawn after 2h.) In a separate 
experiment incubation for 4h did not alter the pH of 
plasma collected from rats given the high fat diet (before 


Fig. 1 Plasma and serum UFA, plasma free tryptophan and 
brain tryptophan in rats fed control and high fat diets. a, Rela- 
tionships between plasma UFA, plasma free tryptophan and 
brain tryptophan and the effect of incubation im vitro on the 
plasma values. Brain tryptophan of rats killed 2 h after exposure 
to each diet and plasma UFA and free tryptophan were determined 
before and after incubation of the same plasma at 37 °C for 4h 
(see text for details). Control diet group, n = 6, high fat group, 
n = 5. Differences from values for same but unincubated plasma: 
*P <0.001. Difference from value for plasma of rats fed control 
diet: + P <0.01. Plasma total tryptophan was 29.15 + 3.87 
ug ml and 22.13 + 3.69 ug mi~ in the control and fat-fed 
groups (difference: P <0.01). b, UFA in plasma or serum of rats 
fed either diet before and after incubation as above (see text for 
details). n = 10 per group. Differences from values for same but 
unincubated plasma or serum: * P <0.01; +t P <0.00! Differ- 
ence from value for plasma: tP <0.05 
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incubation, pH=7.75+0.05, n=3; after incubation, 
PH=7.78 +0.06, n=3; values shown + 1s.d.). Incubation 
of plasma from control fed rats led to a relatively small 
increase in UFA and a negligible change of free tryptophan. 
The plasma pH of a separate group of control fed rats 
rose significantly (P<0.001) during incubation from 7.78+ 
0.03 (n=3) to 8.03+0.03 (n=3). Comparison with a stan- 
dard curve obtained by determining free tryptophan in 
plasma brought to various pH values with CO, showed that 
this increase of pH would have decreased free tryptophan 
by about 27%. Even if this is allowed for, it is apparent 
from Fig. 1 that UFA and free tryptophan both increased 
massively on incubation of plasmas of fat fed but not 
control fed animals. 

The work of Wurtman’s group on free tryptophan and 
brain tryptophan was carried out not with plasma but with 
scrum®*’. Results in Fig. 15 show that (in agreement with 
work on human blood”) UFA tended to be higher in serum 
than in plasma prepared from the same blood specimen. 
The increase was significant in serum from rats given the 
high fat diet. UFA (and therefore presumably also free 
tryptophan) continued to increase when the latter serum 
was incubated at 37 °C. 

These results are consistent with many reports indicating 
in vitro lipolysis in plasma**"** especially after intake of 
fatty food", and suggest a reinterpretation of findings pre- 
viously taken to show lack of effect of large in vivo 
increases of free tryptophan on brain tryptophan in rats 
fed on fat®"". Considerable in vitro increases could have 
occurred in this work either during the preparation of 
serum or subsequently (although in one experiment? major 
changes were not found after serum incubation). 

Our results therefore strengthen previous evidence that 
plasma free tryptophan is an important determinant of 
brain tryptophan cancentration**"”. They do not imply 
that it is the only physiological influence involved. Insulin 
secretion, for example, can increase the uptake of trypto- 
phan by the brain, possibly because it decreases plasma 
concentrations of competing amino acids™!}, Recent 
experiments in which plasma and brain tryptophan were 
determined after giving either insulin or the diabetogenic 
drug streptozotocin” indicate that plasma free tryptophan 
and insulin changes may influence brain tryptophan con- 
centration concurrently. 

We thank the MRC for a programme grant. 
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Inhibition by albumin of 
tryptophan uptake by rat brain 


CHANGES tn the tryptophan content of the brain influence the 
rate of synthesis of brain 5-hydroxytryptamine (5-HT). There- 
fore, factors that affect the delivery of tryptophan to the brain 
may affect its 5-HT content. Tryptophan in plasma can be 
displaced from its binding site on albumin by non-esterified 
fatty acids (NEFA)! and by certain drugs’. Although in some 
circumstances changes in non-albumin bound (NAB) plasma 
tryptophan, brought about by drugs and changes in plasma 
NEFA, parallel those of brain tryptophan?, this relationship 
does not apply in all conditions. For example, after adminis- 
tration of glucose plasma NEFA decline, as does NAB trypto- 
phan, but the brain tryptophan content increases‘. Thus, it is 
uncertain whether binding of tryptophan to albumin is im- 
portant in controlling brain tryptophan and hence brain 5-HT. 
To resolve this controversy we looked at the influence of 
albumin on the uptake of tryptophan, by brain in vivo. We 
found that albumin inhibits tryptophan uptake, and that 
diffusion, a process that will depend only on the NAB plasma 
tryptophan concentration, has a small but significant role in the 
uptake of tryptophan by brain. 

Tryptophan uptake by the brain was measured by the 
technique of Oldendorf’. Solutions containing ‘C-tryptophan 
and °H,O (as a freely diffusible standard) were injected into 
the common carotid artery. After 15s, when excess solution 
had been washed out of the microcirculation, the rat was 
decapitated. The “C:°H ratio was determined in the brain and 
in the injected solution. The ratio for brain, expressed as a 
percentage of the ratio for the injected solution, is the brain 
uptake index (BUI). 

In agreement with Pardridge and Oldendorf’ we found that, 
as the concentration of tryptophan increased, the BUI decreased. 
BUI is a measure of the uptake of radioactive tryptophan. As 
the radioactivity in the solution was constant, the product 
BUI x (tryptophan concentration) is a measure of the total 
uptake of tryptophan from the injected solution. Figure 1 is a 
plot of BUI x (tryptophan concentration) against concentration. 
The uptake was analysed for conformity to one of two models: 
(1) active transport combined with non-saturable uptake by 
diffusion, equation (1); and (2) two active uptake systems with 
differing affinities, equation (2). The method used to discriminate 
between these models involves initial evaluation of the con- 
stants graphically, based on the double reciprocal plot of 
uptake against tryptophan concentration in the injected 
solution, followed by an iterative calculation designed to give 
the best fit of the line to the observed points’. 
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The fit to equation (1) was judged the more satisfactory on 
the basis of the low error mean square (0.0221) as compared 
with equation (2) (3.83). The fit of equation (1) to the experi- 
mental points is shown in line (a) of Fig. 1. The values obtained 
for the constants were K = 160 uM, Ka= 4.51 and V 
= 5,920 uM. By substituting these values in the two parts of 
equation (1), lines (6) and (c) were obtained. Note that at 
100 uM tryptophan, in the physiological range for that amino 
acid, diffusion accounts for about 17% of the total uptake. 
At the concentration of NAB tryptophan found in the normal 
adult rat—25 uM—the non-saturable mechanism for uptake 
of the amino acid into the brain accounts for about 12% of the 
uptake. These data indicate that diffusion of tryptophan across 
the blood-brain barrier has a small but significant role in 
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Fig. 1 The vanation m tryptophan uptake by brain with various 
concentrations of tryptophan. A solution containing L-trypto- 
phan, 3 “C-side chain (40 mCi mmol ~?!, New England Nuclear) 
and *H,O (as freely diffusible standard) was injected in the 
common carotid artery. BUI was measured at the following 
concentrations of injected tryptophan (TRP) (number of de- 
terminations given in parentheses): 6.25 uM (5), 12.5 (13), 25 
(20), 50 (13), 100 (13), 500 (3), 1000 (3). The abscissa includes 
these concentrations The ordinate represents the amount of 
tryptophan taken up into the brain during the 15-s perfusion (see 
text). The points represent means + standard error. Line a is 
drawn as the best fit to the experimental points obtained by 
methods described ın the text. Lines b and c represent the com- 
ponents of line a, corresponding to the saturable and non- 
saturable processes, respectively. 


regulating the brain tryptophan and, consequently, the content 
of SHT in the brain, especially after the administration of a 
tryptophan load. 

If the tryptophan is injected in a bolus that contains plasma 
albumin, the BUI is reduced (Table 1). The addition of albumin 
to the solution reduced the concentration of tryptophan in 
free solution from 25 to 6 uM. The BUI for a solution of 6 uM 
should be, according to the graph in Fig. 1, 70%. But the 
albumin also reduces the C tryptophan in free solution to the 
same extent, that is to 24% of its original value. Therefore, the 
BUI that might be expected if the uptake system acts only on 
tryptophan in free solution is 24% of 70, or 17. This is close, 
but not identical, to the actual value found, 22 + 2 (Table 1). 
Thus, binding of tryptophan to albumin does inhibit its uptake 
by the brain, and must have some role in regulating the brain 
tryptophan content. 

The uptake of tyrosine, an amino acid that does not bind to 
albumin, is unaffected by the presence of that protein in the 
injected solution (Table 1). 

Albumin ıs not the only component of plasma that affects 
tryptophan uptake. Some amino acids inhibit the process by 
competing for the same transport system®. But this inhibition 
has been studied so far only with amino acid concentrations 
beyond the physiological range. Table 2 shows that when the 


Table 1 Effect of albumin on tryptophan and tyrosine uptake 
by brain 


% Amino acid in 


Compound Albumin free solution BUI* 

Tryptophan — 100 403 (8) 
+ 24 224-2 (9) 

Tyrosine — 100 303 (6) 
+ 100 262 (6) 


*BUI was determined as described in Fig. 1 using a tryptophan 
solution of 25 uM and -tyrosine (1#C-U, 400 mCi mmol“, New 
England Nuclear) at 100 M Rat albumin (Sigma) was used at a 
concentration of 60 mg ml7! The fraction of tryptophan in free 
solution was determined by ultrafiltration using an Amicon pro- 
pellant-pressurised ultrafiltration cell with UM 10 membranes 
(nominal molecular weight cutoff 10,000). 
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Table 2 The effect of amino acids on tryptophan uptake by brain 





Concentration of amino acids*(uM) 


Non- 
Amino acid Control Competing competing 
Low Mean High 

Histidine 55 63 70 

Isoleucine 73 101 128 

Leucine 167 203 238 

Methionine 58 73 64 

Phenylalanine 70 83 96 

Tyrosine 96 123 151 

Valine 194 228 . 262 

Alanine 659 
Glyctne 302 
Lysine 397 
Proline 374 
Threonine 370 


BUIt 4142 (7) 26-45 (6) 21 +2 (6) 1341 (6) 37+4 (5) 


*Concentrations used for competing amino acids: the upper and 
lower limits of the physiological range as well as the mean’, for 
non-competing amino acids: the mean of the physiological range for 
the rat. 

{For a concentration of 25 uM tryptophan in the injected solution. 


concentrations of a group of competing amino acids are raised 
from the lower to the upper limit of their physiological range 
there is considerable inhibition of tryptophan uptake. Thus, 
competition between amino acids for uptake by the brain is a 
physiological phenomenon, and it is possible that the increased 
brain tryptophan that is noted after glucose administration* 
occurs because of a decline in the plasma concentration of the 
competing amino acids. Alternatively, there might be a change 
in the activity of the actual uptake system. This factor is 
neglected when measurements are made on plasma and brain 
tryptophan alone, but it can be studied conveniently by ‘the 
method of Oldendorf®. Studies in which uptake is measured as 
well as brain and plasma tryptophan content should elucidate 
fully the influences the components of plasma on brain trypto- 
phan and 5-HT. f 
This work was supported by the MRC of Canada and the 
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Monitoring of transmitter metabolites 
by voltammetry in cerebrospinal fluid 


following neural pathway stimulation 

AN in vivo voltammetry technique has been developed 
which enables direct and continuous measurement to be 
made of the release of neurotransmitter metabolites in 
cerebrospinal fluid (CSF) after electrical stimulation or 
pharmacological manipulations of neural pathways. The 
measurement is very simple in principle. A potential is 
applied to a micro carbon electrode stereotaxically placed 
in a lateral ventricle. One then measures the minute current 


which results from the oxidation or reduction of small’ 


molecular weight constituents near the sensor electrode. 
The potential at which the electrolysis occurs serves as 
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a qualitative indication of the constituent being monitored 
and the current itself is directly proportional to the concen- 
tration of this component in CSF. 

The catecholamines and all their metabolites, as well as 
5-hydroxytryptamine and its metabolites, are readily 
oxidised. Thus, the technique is applicable to catechol- 
aminergic and serotoninergic neurotransmitter systems. 
Acetylcholine, GABA and various other aliphatic amines 
and acids which have suspected neurotransmitter roles are 
not electroactive and are not sensed by the electrode in 
the conditions used. We have previously described the in 
vivo voltammetry method especially for examining drugs 
injected directly into brain tissue”. We believe the present 
application is particularly significant because it provides 
continuous readout of CSF metabolites following stimula- 
tion of neural pathways without the necessity for perfusion 
or radioactive labelling. 

In one test of the technique, we examined the metabolites 
transferred to the CSF following electrical stimulation of 
a well-established neural substrate, the dopaminergic nigro- 
striatal pathway. Rats were implanted with conventional 
bipolar stimulating electrodes in the pars compacta of the 
substantia nigra. At the same time, one or both Jateral 
ventricles were implanted with a small guide cannula. 
Following several days of surgical recovery, the rat was 
anaesthetised and placed in the head holder of a stereo- 
taxic apparatus. A micro carbon electrode was inserted in 
the cannula to a depth which ensured contact with the CSF 
of the lateral ventricle. It is well known that electrical 
stimulation of the substantia nigra causes a release into the 
CSF of the dopamine metabolite homovanillic acid 
(HVA)**. The latter was the sought-after electroactive 
component in these experiments. 

Figure 1 illustrates the qualitative aspects of the electro- 
chemical experiment. The cyclic current-voltage curves 
(voltammograms) of Figs la and b were initiated by a 
triangular wave potential sweep from 0.0 to 1.4 V and then 
returned to —0.2 V. (All potentials are measured against 
a micro saturated calomel electrode (SCE) normally 
placed in contact with brain tissue over the frontal 
sinus area.) Figure la shows the baseline level of com- 


Fig. 1 Electrochemical signals in CSF at micro carbon 
electrode. a, Before stimulation; b, after stimulation. 
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ponents in the CSF which can be oxidised within this poten- 
tial range (primarily ascorbate and micromolar levels of 
HVA). At the current sensitivity used, very little oxidation 
current is seen in Fig. la in these “resting” conditions. 
Following stimulation of the substantia nigra, Fig. 1b shows 
a large current with a plateau at around +0.8 V which is 
a result of HVA oxidation. (Although this is a large increase, 
all electrochemical currents referred to herein are at most 
several hundred nA.) The small peaks around +0.1 V in 
Fig. 1b come from oxidation and reduction of dihydroxy- 
phenylacetic acid (DOPAC) and its o-quinone. It is well 
established that DOPAC is formed during the electrolysis of 
HVA‘, and the small peaks serve as an additional electro- 
chemical “marker” for the presence of HVA. 

The quantitative measurements are carried out by fixing 
the potential at +0.8 V and monitoring the current due to 
HVA oxidation as a function of time. Before stimulation 
only the low baseline signal illustrated in Fig. la is moni- 
tored at +0.8 V. The substantia nigra was then stimulated 
for 20 0.5-s intervals using simple 60-Hz sine waves. In 
typical experiments, the baseline remained relatively con- 
stant for some 15-20 min after stimulation. There then was 
a sharp rise in HVA signal, followed by a more gradual 
disappearance. Often such stimulations could be repeated 
several times and Fig. 2 shows a typical result of two suc- 
cessive stimulations. Successful experiments were carried 
out with 12 of 22 rats stimulated. Because of difficulties 
with cannula placement in rat-ventricles (our electrodes at 
present require cannulae of around 1mm external dia- 
meter), we have recently repeated this type of experiment 
in rabbits. To date, four successful substantia nigra stimula- 
tions have been carried out with rabbits. It should be 
emphasised that no optimisation of stimulation parameters, 
anaesthetics, electrode size and so on has yet been investi- 
gated. A full report of the experimental details is in pre- 
paration. 

Similar electrical stimulation was carried out in the 
region of the midline raphe nuclei with rabbits. As expected, 
an efflux of 5-hydroxyindole acetic acid (5-HIAA) into the 
CSF was observed by the voltammetric monitoring, but little 
or no change in HVA. 

Pharmacological manipulations of neural substrates can 
also be monitored by this technique. For example, a large 
increase in HVA signal in ventricular CSF was observed 


Fig. 2 HVA current response in CSF following substantia nigra 
stimulation. Current-time product for 200-ms electrolysis was 
converted to mM concentrations of HVA by external calibrations. 
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some 30min after an intraperitoneal injection of L-dopa 
in the rabbit. 

Since this type of electrochemical measurement is un- 
familiar in electrophysiological studies, we expected its 
authenticity to be quite properly open to question. Thus, 
electrochemical measurements were routinely backed up by 
independent and unequivocal chemical] identification of 
HVA, DOPAC or 5-HIAA by high performance liquid 
chromatography. When a successful stimulation or drug 
manipulation was obtained—-as evidenced by a current rise 
at the sensing electrode—we lifted out the electrode and 
removed 2-5 ml of CSF with a Hamilton syringe. The CSF 
sample was injected directly into the injection port of a 
liquid chromatograph. The metabolites were directly 
analysed by high performance liquid chromatography on 
a DuPont SAX anion exchange column with a sensitive 
electrochemical detection system’. The CSF metabolites 
were identical with authentic samples injected into the 
column and quantitative correlations were possible. 

We believe that the present technique will offer distinct 
advantages over existing methods for examining metabolite 
changes in CSF following neural pathway manipulation, It 
ıs the only technique we know making use of an on-line 
sensor that provides instantaneous and continuous monitor- 
ing of CSF metabolite levels (electrochemical response 
times are variable, but routinely are 10-20 ms). It involves 
minimal disturbance of the physiological milieu; electrical 
currents are always in the nA range and natural CSF and 
its flow patterns are used rather than perfusion. It is, of 
course, limited in its scope to the oxidisable neurotrans- 
mitter systems and their metabolites, as mentioned earlier. 
Although the present results are very promising, improve- 
ments in electrode miniaturisation, sensitivity and selectivity 
are desirable. We are now examining modifications to ex- 
tend the technique to direct tissue measurements with 
neuronal pathway manipulation. 

We thank the NSF and the NIH for support. 
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Periodate-induced increase in cyclic 
GMP in mouse and guinea pig splenic 
cells in association with mitogenesis 


INTERACTION of the lectins phytohaemagglutinin (PHA) 
and concanavalin A (con A) with the lymphocyte plasma 
membrane initiates a sequence of metabolic events leading 
to cell proliferation. The numerous alterations in cellular 
components and processes that occur early after mitogenic 
stimulation include enhanced uptake of nucleotides’, amino 
acids**, sugars®, Ca’* (ref. 6), and K* (ref. 7), enhanced 
activity of several membrane enzymes*'’, accelerated turn- 
over of phospholipids’’™, increased membrane fluidity” 
and an increased accumulation of cellular cyclic 3’, 5’- 
guanosine monophosphate (cyclic GMP)**. Demonstra- 
tions that exogenous cyclic GMP can stimulate definable 
functions in lymphocytes'*’’, including proliferation’, and 
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Fig. 1 Cyclic GMP and cyclic AMP levels and °H- 
thymidine incorporation after exposure of mouse 
splenic cells to IO,. Spleens, removed from cervically 
dislocated 6-8-week-old BALB/c mice, were homo- 
genised gently in PBS After sedimentation of connec- 
tive tissue the suspended cells were removed, washed 
with PBS, and suspended at 20 x 10° cells per ml 
PBS. The IO,, freshly dissolved in PBS, was intro- 
duced to achieve a final concentration of 5 mM while 
the cell suspension was maintained at 4 °C. Samples 
were collected for determination of cyclic nucleotides 
by adding perchloric acid to a final concentration of 
IN. Acid extracts were purified by alumina and 
AGIX8 column chromatography, and assayed by 
radioimmuoassay*® after conversion to the 2’-O- 
acetyl derivative® Cells in which the proliferative 
response was monitored were exposed to the IO, for 
30 min, washed twice with PBS, and suspended at 
2 x 10° cell per ml in RPMI 1640 containing foetal 
calf serum (5%), penicillin (110 pg ml-) and strepto- 
mycin (100 ug ml—1). The cells were incubated in 5% 
CO, at 37 °C for 48 h before a terminal pulse with |! 
uCi °H thymidine for 3 h Cultures were collected by 
a multiple automatic sample harvester and thymidine 
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incorporation was determined by liquid scintillation 0 
spectrometry. The broken lines represent controls. 


that there is an association between phytomitogen action 
and cyclic GMP accumulation suggest that this nucleotide 
is a positive effector of proliferation. To investigate further 
how cyclic GMP may be involved in this sequence of 
events, we have studied the effects that the oxidant perio- 
date (IO,) and the reducing agent cysteine have on the 
cyclic nucleotide levels of rodent splenic cells’. IO, stimu- 
lates lymphocyte proliferation’® and because the oxidant 
produces definable chemical alterations in membrane com- 
ponents, which can be prevented by reducing agents”, 
studies with these agents may provide insights into the 
regulation of cyclic GMP metabolism in relation to 
mitogenic stimulation. 

Figure 1 shows the effect of IO, on the concentrations 
of the cyclic nucleotide in suspensions of mouse splenic 
cells, maintained at 4 °C, in three experiments The con- 
centrations of cyclic GMP in the cells not exposed to the 
mitogen varied from animal to animal, ranging from 2.5 
to 12.5fmol per 10° cells. In spite of the variation, treat- 
ment with IO; consistently caused an enhanced accumu- 
lation of cyclic GMP but did not alter the concentration 
of cyclic 3’,5’-adenosine monophosphate (cyclic AMP), The 
increase in cyclic GMP concentration ranged from two- to 
tenfold and the temporal characteristics of the enhanced 
accumulation differed in each experiment shown. The JO,- 
induced increases in cyclic GMP were accompanied by a 
stimulation of lymphocyte proliferation as illustrated by the 
increased amount of *H-thymidine incorporated into cells 
cultured after exposure to IO, (Fig. 1c). 

The cyclic nucleotides in guinea pig splenic cells res- 
ponded similarly when exposed to IO,; cellular levels of 
cyclic GMP increased but cyclic AMP was unaffected (Fig. 
2). The addition of CaCl, (0.2 mM) to the cation-free phos- 
phate-buffered saline media (PBS) did not enhance the 
ability of IO, to promote accumulation of cyclic GMP. 

The reducing agent cysteine prevented the IO.-promoted 
increase in cyclic GMP. Cysteine alone or together with 
IO, significantly lowered (50%) the concentration of the 
cyclic nucleotide (Fig. 3). The increase in *H-thymidine 
incorporation seen after exposure to IO, alone was pre- 
vented in the cells exposed to IO, in combination with 
cysteine. There was no change in the cyclic AMP content 
after the addition of either the oxidising or the reducing 
agent. 

Thirteen experiments were conducted to examine the 
effects of IO; on cyclic GMP levels. In the nine experiments 
in which an increase in cyclic GMP was detectable (70- 
1,000%) there was a concomitant increase in the rate of 
*H-thymidine incorporation. But in the other four experi- 
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ments there was no measurable increase in either cyclic 
GMP or in *H-thymidine incorporation, indicating that IO. 
had no oxidative influence in these experiments. 

The increases in cyclic GMP detectable after exposure 
to 10, were smaller than those reported after stimulation 
of human or rodeni peripheral blood lymphocytes with 
PHA or con A". This may reflect the difference between 
the cell populations studied or a difference in the nature of 
the mitogenic stimulus. In the conditions of mitogenic 
stimulation in our experiments, however, the changes 
occurred at 4 °C, which may have minimised the increases. 
Furthermore, splenic cell suspensions, although consisting 
primarily of lymphocytes, contain other cells such as poly- 
morphonuclear leukocytes and macrophages. It is not pos- 
sible to determine from the experiments reported here 


Fig. 2 Effect of IO, on cyclic GMP of guinea pig splenic cells 
in the presence and absence of Ca?+. Cell suspensions were 
prepared from guinea pigs (250-350 g) as described for Fig. 1. 
CaCl, (0.2 mM) was added to the cells suspended in PBS at 
4°C 10 mm before addition of IO, (5 mM). @, Plus Ca?*; O, 
without Ca?+ ; J, control plus Ca#*+; D, control without Ca?*. 
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Fig. 3 Effect of cysteine on basal (O) and IO,-stimulated (©) 
cyclic GMP of mouse spl enic cells. All methods were as 
described in Fig. 1. Cysteine (1 mM) was added to the cells just 
before addition of the IO, (1 mM). @, Plus IO, alone; C, control. 


whether the increases in cyclic GMP derived from an altera- 
tion induced in lymphocytes directly or secondarily, or 
whether they reflect an influence on another cell type. The 
importance of this question increases in the light of demon- 
strations of a requirement for macrophages for IO, stimula- 
tion of lymphocytes” and of an involvement of cyclic GMP 
in the release of lymphocyte-stimulating factors by 
macrophages”. 

The ability of IO, to stimulate an increase in cyclic 
GMP suggests that an alteration of the cell membrane 
involving oxidation of a specific constituent, such as the 
sialic acid moiety indicated by the work of Novogrodsky”’, 
is coupled to a system involved in regulating guanylate 
cyclase. The reciprocal effects of IO, and cysteine on cyclic 
GMP suggest a mechanism for regulating guanylate cyclase 
activity through cellular events involving oxidation and 
reduction. This concept is supported by observations that 
soluble fractions of guanylate cyclase from platelets", and 
lung’, as well as from lymphocytes (M. K. H., J. H. S. and 
N. D. G., unpublished observation), undergo a time depen- 
dent, O:-requiring ‘“‘autoactivation” which is inhibitable by 
the reducing agent dithiothreitol. Such a mechanism may 
be allied to that by which oxidation and reduction have 
been suggested to underlie the modulation of cell 
proliferation”. 

It is not known whether all the metabolic changes occur- 
ring early after mitogenic stimulation of lymphocytes are 
necessary for DNA synthesis; whether some, although not 
absolutely required, serve to modulate the rate of prolifera- 
tion, or whether some are merely related to the generalised 
changes in the membrane. The number and variety of 
early events suggest that no single event signals commit- 
ment to proliferation. ; 

Agents such as acetylcholine and imidazole can increase 
cyclic GMP in lymphocytes without promoting proliferation 
although they potentiate the action of phytomitogens’®”*. 
Therefore, the increased cellular accumulation of this cyclic 
nucleotide is probably not the sole initiator of proliferation, 
but rather, acts in parallel or in sequence with the other 
metabolic changes resulting from mitogenic action. 
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Evidence for non-deoxynucleotide linkers 
in Ehrlich ascites tumour cell DNA 


ALTHOUGH many authors have used lysis of eukaryotic cells 
on alkaline sucrose gradients to measure the size of single- 
stranded DNA subunits, these studies cannot distinguish a 
true DNA subunit from a subunit containing non-DNA, 
alkali-stable linkers. We report here that when Ehrlich 
ascites tumour (EAT) cell DNA is treated with Pronase 
before alkali denaturation the size of the released subunit 
changes from >70S to 26S. T7 DNA present throughout 
remains unchanged in size, indicating that the change is 
not due to a soluble nonspecific nuclease. 

Kavenoff and Zimm’ have shown that the double-stranded 
DNA from Drosophila cells seems to be continuous through- 
out the length of the chromosome. These results do not, 
however, rule out the possibility of single-stranded nicks or 
non-deoxynucleotide linkers’. When eukaryotic DNA is 
lysed in alkali and measured either in alkaline sucrose 
gradients* * or by viscoelastic techniques’*, it seems to have 
a molecular weight of 1x 10*-2x10* or larger. Although 
there is some disagreement, most authors consider this 
material to represent single-stranded DNA, particularly if 
the DNA is allowed to stand in alkaline detergent solutions 
for 3-6 h**”, 

We also observe that nearly all the DNA of EAT cells 
(Ge strain)’ sediments faster than T4 (not shown) or T7 
markér DNAs in alkaline sucrose gradients (Fig. 1a). This 
DNA has a molecular weight of 0.9 10%-1.2X10* (not 
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Fig. 1 Ehrlich ascites tumour cells were labelled by intraperi- 
toneal injection of 5 pCi “C-thymidine (Amersham-Searle). 
The next day the cells were collected, washed twice by centrifuga- 
tion in Hanks balanced salt solution, and suspended in 0.01 M 
EDTA, pH 7.5, at 10? cells per ml. A cell suspension (0.5 ml) 
was added to 0.5 ml of lysis buffer at 50 °C in polyallomer SW 27 
centrifuge tubes. The final concentrations in the lysate were 
0.5 M NaCl, 0.05 M EDTA, pH 7.5, 03% sarkosyl detergent. 
*H-labelled T7 and ®X phage markers and pretreated (10 min 
at 80°C, I h autodigestion at 37°C) Pronase P (3 mg ml-, 
Serva), when included, were present before addition of the cell 
suspension. Lysis was instantaneous. a, NaOH (0.1! ml of IN) 
was added before cell lysis. After this alkaline lysis (pH 12), 
the lysate was at 20°C for 9 h before gradient formation. 
°H-T7 was present throughout. b, Cells lysed at 50 °C in buffer 
without Pronase and incubated at 50°C for 5 h, followed by 
addition of 0.1 ml 1N NaOH for 4 h. *H-T7 was present 
throughout. c, Cells lysed at 50°C in buffer with Pronase and 
incubated at 50°C for 5 h, followed by addition of 0.1 ml 
IN NaOH. *H-T7 and @X were present throughout 5-20% 
alkaline sucrose gradients containing 0 2 M NaCl, 0.3 N NaOH, 
0.05 M EDTA, and 03% sarkosyl were formed beneath the 
lysate. Centrifugation was at 25,000 rpm., 4°C, for 12 h. 
Gradients were pumped from the bottom, fractions precipitated 
on Millipore filters with 10% trichloroacetic acid, washed with 
TCA and ethanol, and counted. @, “C-labelled cell DNA; 
O, *H-labelled phage DNA. 
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shown) after alkaline lysis for 3-6h at a pH which is 
sufficient to denature DNA completely‘? and to dissociate 
all but the most tightly bound material. In agreement with 
previous research’, very little cell protein cosediments with 
the rapidly sedimenting material. Indeed, only three protein 
bands are observed electrophoretically after protein specific 
iodination of this material (U. Plagens and D. Werner, 
unpublished). Shear was minimised by lysis of the cells and 
markers in polyallomer centrifuge tubes with subsequent 
formation of the sucrose gradient beneath the sample. If 
the cells were lysed initially in a neutral lysing solution 
and only made alkaline after 3-6h at 50 °C, the DNA still 
sediments faster than 70S (Fig. 15). Similar results are 
obtained at lower temperature, lower salt, less EDTA 
and sodium dodecyl sulphate (SDS) instead of sarkosyl. But 
if Pronase (3 mg ml”, heated to 80°C for 10 min, auto- 
digested at 37°C for 60 min and exhibiting no nuclease 
activity on phage DNA) is present in the neutral lysing 
conditions, more than 80% of the single-stranded DNA 
released by alkali now sediments at 26-35S (6x10 
12x 10° daltons) (Fig. 1c). This is more than an order of 
magnitude smaller than the smallest subunits observed after 
lysis of cells directly on alkaline sucrose gradients’~*. After 
exhaustive digestion with Pronase, the peak reaches a limit 
at 26S. With less extensive digestion, the peak is broader 
and closer to 35S. In each case, T7 marker DNA was 
present throughout the lysis and incubation of the cells. The 
marker remained apparently unchanged, giving an initial 
indication of the absence of substantial soluble DNase 
activity, either in the presence or absence of Pronase. 
Moreover, only in the case of immediate lysis in alkali is 
there any evidence of substantial entrapment of T7-sized 
DNA with the cellular DNA sedimenting to the bottom. 
Thus, there is no evidence that the rapidly sedimenting 
DNA observed in the absence of Pronase is a nonspecific 
aggregate of 26S subunits. 

To more explicitly detect any DNase activity in, or acti- 
vated by, the addition of Pronase, the experiment described 
in Fig. 2 was performed. “H-T7 was present during the 
neutral lysis of cells in the presence of Pronase and sub- 
sequent alkaline denaturation and “P-T7 was then added to 
the alkaline lysate (Fig. 2a). The label present throughout 
lysis and the label added only after alkaline denaturation 
cosediment. Alkaline lysis of the phage in the absence of 
cells and Pronase gives similar patterns (Fig. 2b) as does 
digestion of phage DNA with Pronase in the absence of 
cell DNA. The small excess of more slowly sedimenting 
material in the *H-labelled phage is also observed if the 
order of addition of phage is reversed. Similar lack of 
nuclease activity is observed for eX and A DNA markers. It 
is thus unlikely that the change observed in the size of 
alkaline denatured EAT DNA after digestion with Pronase 
is due to a soluble DNase, since such a DNase activity 
must be able efficiently to recognise a site present in EAT 
DNA but not in any of the phage DNAs tested and to show 
this specificity in high.salt, the absence of divalent ions, and 
detergent at 50 °C. 

There are two general explanations for these results. EAT 
chromatin may contain a tightly-bound nuclease which is 
activated by the Pronase treatment. Such a tightly-bound 
nuclease activated by Pronase, SDS or heat has been de- 
scribed associated with colE1 plasmid DNA”. Alternatively, 
EAT DNA may contain a non-deoxynucleotide linker, which 
is cleaved (or made alkali labile) by the Pronase treatment. 
Possible candidates for such a linker might include: (1) a 
modified, alkali-resistant ribonucleotide, such as a 2’-O-Me 
ribonucleotide, which is susceptible to an RNase activity 
present in, or activated by, the Pronase; (2) an RNA linker 
protected from alkaline degradation by a protein, either 
covalently linked or tightly-bound, and thus made 
susceptible to alkaline lysis after Pronase digestion, and 
(3) a protein or peptide linker in the DNA. 
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Fig. 2 a, 5 x 10° unlabelled Ehrlich ascites tumour cells were lysed 
in 1 ml of lysis buffer containing Pronase (3 mg ml‘) and 
3H-T7 phage marker The lysate was incubated for 5 h at 50 °C, 
followed by addition,of 0.1 ml of IN NaOH. After addition of 
alkali, **P-T7 phage was added. b, °H and °2P-labelled phage 
were lysed i in I ml of lysis buffer made alkaline by addition of 
0.1 ml of IN NaOH. Alkaline sucrose gradients were formed, 
centrifuged, fractionated and counted as described ın the legend 
to Fig. 1. @, °H-T7; O, **P-T7. 


A preliminary experiment indicates that a chromatin- 
bound nuclease activated by Pronase is unlikely, since DNA 
lysed in alkali for 60min, subsequently neutralised by 
dialysis, and treated with Pronase also exhibits primarily 
26S DNA after a second alkaline lysis. Similarly treated 
DNA not digested with Pronase is rapidly sedimenting. It is 
unlikely that a chromatin-bound nuclease would survive 
the initial alkaline lysis. 

RNA linkers have been observed in mitochondrial DNA”, 
and we cannot, at present, exclude the possibility of a 
modified alkali-resistant RNA linker or an RNA linker 
protected from alkali by protein. 

A protein or peptide linker should be affected by Pronase 
digestion. The possibility of protein linkers in eukaryotic 
chromatin has been indicated by the presence of associated, 
cosedimenting peptide sequences in purified DNA”. But the 
early discussions of protein linkers in DNA often assumed 
such linkers were “‘in register” on the anti-parallel strands”. 
Such “in register” linkers are unlikely since double- 
stranded DNA is insensitive to proteolysis’. Pronase-treated 
EAT cell DNA sedimented in neutral conditions is also 
extremely large if precautions are taken to avoid shear and 
denaturing conditions. It should be noted, however, that a 
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protein linker has been observed in adenovirus DNA“ and 
is apparently related to its replication. 

Since stationary phase cells have been reported to have 
fragmented DNA of the size observed here”, it is important 
to note that the EAT cells had a labelling index of 
28+1%. Results similar to those described here have also 
been obtained with the Karzel strain of EAT cells in 
exponential growth in tissue culture, using a lower cell 
density in the lysate. 

Using similar lysing conditions with CHO (ref. 3) or mouse 
L cells”, others have observed a single-strand subunit of 
60X 10° or 45x 10° daltons, which is larger than the pieces 
observed here but smaller than subunits observed by simple 
alkaline lysis**. Moreover, Taylor et al.™™™ have observed 
the double-strand equivalent of the single-stranded 26S 
DNA in CHO cells. These double-stranded fragments 
seemed to be enriched in newly-replicated DNA. 

Many authors** have used lysis of eukaryotic cells in 
alkali to measure the size of long single-stranded DNA. 
The data presented here indicate that the single-stranded 
‘DNA’ may be composed of smaller subunits linked by 
alkali stabile linkers which can be removed or made alkali 
labile by treatment with Pronase. The 26S subunits produced 
do not seem to be a result of soluble nuclease activity during 
digestion with Pronase. 

We thank K. Geider and H. Kaerner for their assistance 
in preparing phage markers. This work was supported by 
the German Cancer Research Centre while H.V.H. was a 
visiting scientist at the Institute for Cell Research. 
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Intact 3’ end of 16S rRNA is not 
required for specific mRNA binding 


INITIATION of protein synthesis in bacteria requires that 
ribosomes bind to specific regions of messenger RNA 
(mRNA) in a complex which also contains fMet-tRNA, 
GTP, initiation factors! and involves the ribosomal pro- 
teins S1 and S12 (refs-:2-5). Shine and Dalgarno proposed 
a mechanism for initiation of protein synthesis in which 
certain purine-rich nucleotide sequences near the initiator 
codon of prokaryotic messages were postulated to form base 
pairs with the nucleotide sequence (5) ACCUCCUUA(3’) 
near the 3’ end of the 16S ribosomal RNA®”. The forma- 
tion, in vitro, of a complex between the 3’ end of the 16S 
rRNA from Escherichia coli ribosomes and the initiator 
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Fig. 1 Sucrose density gradient analysis of initiation complexes 
after RNase digestion. Binding reactions were carried out in 
conditions described by Steitz®, at 37 °C in 0.1 ml of a solution 
containing 0.1 M Tris-HCI (pH 7.4), 0.05 M NH,Cl; 0.005 M 
magnesium acetate (RBS buffer); 0.001 M GTP; 3-5 pg of 
urified N-formylmethionyl tRNA from E. coli; (a~**P-UTP)- 
belled f1 or pX174 mRNA synthesised in vitro, as described by 
Pieczenik, et al., specific activity ~2x10° counts pg; 
4.5 Asso Of E. coli ribosomes, and 37.5 ug phage f2 RNA. The 
binding reactions were done in conditions of limiting ribosomes. 
This was determined by a set of binding reactions (not shown) 
with constant amounts of ribosomes and increasing amounts of 
unlabelled f2 RNA, as competitor for a constant amount of 
radioactively labelled mRNA. The ribosomes were isolated from 
S-30 extracts prepared as described by Webster, et al.* 0.225 ml 
of S-30 was incubated at 37 °C with TM buffer (50 mM Tris-HCl, 
pH 7.6; 30mM NH,Cl; 10mM Mg acetate) (control) or with 
0.06 ml of a solution of colicin E3, 2.2 mg mi~. At the end 
of 20 min, 18 ug of colicin E3 immunity protein” in TM buffer 
were added to terminate the action of the colicin, Aliquots were 
then removed to measure the capacity of the treated ribosomes 
to carry out f2 RNA-directed protein synthesis in vitro’. Debris 
was removed from the samples by centrifugation at 12,500 r.p.m. 
for 15 min and then the ribosomes were pelleted by centrifugation 
for 3.5 h at 35,000 r.p.m. in the SW50.1 rotor. The supernatants 
were discarded and the ribosomal pellets suspended in TM 
buffer to give a final concentration of approximately 1,000 Age, 
mi— for the binding reactions. Binding reactions were carri 
out for 12 min at 37 °C, cooled, and then pancreatic ribonuclease 
(Worthington) was added to give a final concentration of 5.5 pg 
mi~. Reactions were warmed at 37 °C for 30s, incubated at 
room temperature for 20 min, cooled on ice, layered on to 
5 ml 5-20% sucrose gradients in RBS buffer, centrifuged for 
2.25h at 37,000 r.p.m. in the SW50.1 rotor of the Beckman 
Model L2-65B ultracentrifuge, at 5 °C. Fractions of 2 drops 
each were collected through a needle at the bottom of the 
gradients and their Cerenkov radiation monitored. a, Binding 
of ribosomes to *#P-f1 mRNA. @, control ribosomes: O, colicin 
E3-treated ribosomes; x, binding reaction done in the absence of 
fMet-tRNA. b, Binding of ribosomes to **P-aX174 mRNA. @, 
control ribosomes; ©, colicin E3-treated ribosomes. 


region of phage R17 A-protein mRNA has been demon- 
strated’. This binding supports the involvement of such base 
pairing in the binding of mRNA to ribosomes, at least for 
this message. 

The ability of ribosomes to protect regions of mRNA 
of specific sequence from nuclease digestion is considered 
to be a general measure of specific binding between ribo- 
somes and mRNA", and depends on the presence of fMet- 
tRNA’ and yields specific sequences on fingerprint analysis’. 

Colicin E3 induces a specific break 49 nucleotides 
from the 3’ end of the 16S rRNA in the 30S ribosomal 
subunit, but does not lead to the loss of the cleavage pro- 
duct from the ribosome”. The question arose, given 
the Shine and Dalgarno hypothesis’, as to whether colicin 
treatment of ribosomes would affect the mRNA binding 
reaction. We report here that treatment of E. coli ribosomes 
with colicin E3 had no significant effect on their ability 
to protect phage fI or ¢X174 mRNA initiation sequences 
from RNase digestion (Fig. 1). Furthermore, fingerprinting 
analysis of the protected RNA suggests that the complexity 
and specificity of the protected RNA remain largely un- 
changed following colicin treatment (Fig. 2). The amount 
of radioactively labelled mRNA protected from RNase 
digestion was, in fact, consistently higher when colicin- 
treated ribosomes were used than when untreated ribosomes 
were used in the protection assay (Fig. 1). 

As shown in Fig. 1, the colicin treatment had lowered 
the ability of the treated ribosomes to carry out f2 RNA- 
directed protein synthesis by 75%. Even when colicin treat- 
ment was carried out in the presence of f2 mRNA and 
supernatant factors, a procedure which inactivates ribo- 
somes to greater than 90%, (ref. 16), little or no decrease in 
their ability to protect initiation sequences was observed 
(data not shown). 

Ribosomes treated in the presence of colicin E3 immunity 
protein, which prevents the action of colicin E3 in vitro”, 
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behaved like untreated, control ribosomes (data not shown). 

To determine whether there were any differences in the 
sequences protected by treated ribosomes, the peaks of ribo- 
some-bound mRNA from the reactions shown in Fig. 1 
were collected, separated from the ribosomes, and subjected 
to two-dimensional T, fingerprint analysis, as described by 
Pieczenik, et al.. The results for the f1 mRNA are shown 
in Fig. 2. The fl mRNA protected by untreated and 
E3-treated ribosomes give similar fingerprints. There may 
be some minor differences in the amounts of some of the 
sequences protected, as measured by the intensity of the 
spots. No sequences were, however, completely eliminated, 
nor did any new spots appear as a result of the colicin 
treatment. The ribosome-protected fragments from »X174 
mRNA (Fig. 1) were also subjected to two-dimensional T: 
fingerprint analysis, and here again the sequences protected 
by colicin-treated ribosomes did not differ appreciably from 
those protected by the untreated ribosomes (Ravetch, 
Robertson and Model, unpublished). Thus we infer that 
there was no change in the specific mRNA sequences 
protected by those ribosomes. 

The three ribosome binding sites of phage fl mRNA 
have been sequenced’. Their sequences have the potential 
to form base-pair interactions with the polypyrimidine 
stretch near the 3’ end of the 16S rRNA. These potential 
structures are shown in Fig. 3. Although the number of 
base pairs differ, the free energies estimated by using the 
method of Tinoco, ef al.™ are comparable. These potential 
structures can be expected to have similar stabilities. 

Although Tai and Davis”, Tai, and Konisky” have 
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reported that colicin E3 inhibits initiation of protein syn- 
thesis on natural messages, others have reported that colicin 
E3 treatment does not inhibit (AUG)-dependent binding of 
fMet-tRNA” or poly(U) or MS2 RNA” to 30S subunits. 
Our results indicate that colicin E3-induced cleavage of ribo- 
somes does not prevent the formation of 70S initiation 
complexes on natural messages, so that block which colicin 
E3 causes in protein synthesis must be at a later step. Colicin 
treatment in the conditions used here does not result in 
release of the 3’ terminal RNA fragments from the 30S 
ribosomal subunit™™, so that while an intact 16S RNA is 
not required for initiation complex formation, the presence 
of the cleavage fragment may still be needed for proper 
alignment of the message on the ribosome. 

Baan er al.”™ have found that cloacin DF13, which has a 
mode of action virtually identical to colicin E3 (ref. 25), does 
not appreciably inhibit the formation of an initiation com- 
plex between ribosomes and MS2 mRNA in the absence 
of IF-1. They find that cleavage by the cloacin causes a 
reduction in the rate, but not the final amount of initiation 
complex formed, and they postulate improper functioning 
of IF-1. The initiation complexes formed were fully reac- 
tive with puromycin. They also observed a reduced ability 


Fig. 3 Potential base-pair interactions between fi mRNA 

ribosome binding sites and the 3’ end of 16S ribosomal RNA. 

Sequence determination was described by Pieczenik ef al.. 

Free energy estimates were pae eio the method of Tinoco 
et al.}8, 
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Fig. 2 T, fingerprint analysis of ribosome- 
protected fragments from **P-labelled fi 
mRNA for untreated (A-I) and colicine E3- 
treated (A-II) ribosomes. Two-dimensional 
fingerprint analysis was carried out as 
described previously”. Arrows indicate the 
major T, oligonucleotides of the three ribo- 
some binding sites of fl mRNA". The 
origins of chromatography were uniformly 
at the position marked in Fig. A-I. 


of the second aminoacyl tRNA (alanyl-tRNA for the case 
of MS2 RNA) to bind, but such alanyl-tRNA as did bind 
was able to participate in dipeptide formation. Their 
observations are in accord with our results. Our data and 
those described above”, therefore, bear on the question as 
to whether colicin E3 treatment of ribosomes inhibits the 
initiation or elongation steps of protein synthesis. Since the 
peptidyl transferase has previously been shown to be un- 
damaged by colicin E3 treatment”, and dipeptide formation 
is not blocked*, the lesion induced by colicin E3 is most 
likely in the translocation step of protein synthesis. 

Our results suggest that cleavage of the 3’ end of the 
16S ribosomal RNA does not affect the specificity of the 
binding of ribosomes to fl or X174 mRA. An intact 3’ 
end of the 16S rRNA is apparently not essential to confer 
stability and specificity on mRNA binding. In fact, perhaps 
the greater flexibility of the 16S rRNA allowed by its 
cleavage by colicin E3 may be responsible for the enhanced 
level of binding observed after colicin E3 treatment (Fig. 1). 
The failure of colicin E3-treated ribosomes to function in f2 
mRNA-directed protein synthesis implies, however, that an 
intact 16S rRNA is required for translocation to occur on 
the ribosomes. 
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Occurrence of trans-ribosylzeatin 
in Agrobacterium tumefaciens tRNA 


THE cytokinin-active N-6-isoprenoid-substituted purine nucleo- 
sides have wide distribution as minor components of the tRNA 
of animals, bacteria and plants. Skoog, Hall and others (refs in 
ref, 1) have shown that there are three classes of cytokinin 
nucleosides, and that one member of each predominates in the 
tRNA of organisms from each kingdom. Thus, animal tRNA 
contains 6-(3-methylbut-2-enylamino)-9-B-p-ribofuranosyl pur- 
ine? (IPA); whereas in bacterial tRNA, the purine ring is thio- 
methylated and the predominant cytokinin-active nucleoside 
is 6-(3-methylbut-2-enylamino)-2-methylthio-9-B-p-ribofurano- 
syl purine? (ms-iPA). In plants, the isoprenoid side chain is 
hydroxylated and the predominant cytokinin-active nucleoside 
is 6-(4-hydroxy-3-methylbut-2-enylamino)-9-B-p-ribofuranosyl 
purine‘ (zeatin riboside, ZR). Minor amounts of 2-methylthio 
zeatin riboside (ms-ZR) are also present. But the distribution 
of these nucleosides may not be quite so clearcut. The plant 
pathogenic prokaryote Corynebacterium fascians has been 
shown’ to release cis-zeatin into the culture medium. Other 
evidence’ suggests that Pseudomonas aeruginosa tRNA contains 
ms-ZR. It may be that some prokaryotes have acquired the 
ability to hydroxylate the isoprenoid side chain and that zeatin 
and its derivatives are not restricted to plants. We have now 
examined the cytokinin-active nucleosides from the tRNA of 
Agrobacterium tumefaciens, the causative organism of plant 
crown gall disease. Besides the expected ms-iPA and small 
amount of iPA, frans-ZR was present in significant amounts. 

Four strains of A. tumefaciens were examined. Two strains, 
JIBV7 and C-58, are virulent and have been shown to harbour 
a large plasmid which is associated in some way with virulence’. 
The other two strains IIBNV6 and NT1, are avirulent and do 
not contain the plasmid. Strains C-58 and NTI are very closely 
related in that NTI is derived from C-58 by heat treatment 
which causes elimination of the plasmid with concurrent loss of 
virulence. 

Cells were grown to late log phase on rich medium’. The 
tRNA was isolated by Kirby’s procedure, purified by extraction 
with sodium acetate, and freed from traces of DNA by treat- 
ment with m-cresol-sodium benzoate!. Cytokinin-active 
nucleosides were isolated by alkaline hydrolysis and dephos- 
phorylation with E. coli alkaline phosphatase and were extracted 
into l-butanol. The butanol-soluble fraction was subjected to 
high pressure reversed-phase chromatography (HPLC) on 
octadecyl-substituted silica and cytokinin activity was detected 
in the column eluate by means of the cucumber cotyledon 
bioassay of Fletcher and McCullagh. Figure 1 shows an 
HPLC profile obtained for IBNV6 tRNA hydrolysate. 

Standard cytokinins eluted from the column in decreasing 
order of polarity. The most polar, zeatin riboside, eluted before 
zeatin which in turn eluted before iPA, iP and ms-iPA. The 
hydrolysate contained five regions where cytokinin activity was 
significantly above baseline. The first two peaks of activity eluted 





153 


at 16-24 ml and 32-36 ml and contained substances more polar 
than zeatin riboside. They have not been characterised further. 
The three major peaks (eluting at 40-48 ml, 56-64 ml and 
68-76 ml) coeluted with authentic ZR, iPA and ms-iPA. To 
establish their identity, the appropriate fractions were pooled 
and the nucleosides were converted into their permethyl!? or 
trimethylsilyl (TMS) ethers!® which were then examined by gas 
chromatography—mass spectroscopy (GC-MS). 

The fraction with mobility identical to iPA gave, when 
permethylated, a derivative which exhibited a single peak on 
gas chromatography identical in retention time to permethylated 
iPA. Examination of the mass spectrum of this peak showed it 
to possess a molecular ion Mt = 391 and major fragment ions 
at 376 (loss of CH3), 348 (loss of C,H} with ring closure of the 
isoprenoid side chain onto the purine N-1 position), 217 
(fission of the base and ribose with transfer of a hydrogen atom 
to'give BH*), 202 (loss of CH; from BH)+, and 174 (loss of 
C;H, from BH*). The ion at m/e = 45 was characteristic of the 
fragment ion CH,OCH,* arising from the 6 position of 
ribose??, Studies with deuterated methyl iodide confirmed the 
fragmentation assignments and the presence of four methyl 
groups within the molecule. Its spectrum was identical with an 
authentic sample of tetramethyl iPA. Von Minden and 
McCloskey" have reported an identical spectrum and peak 
assignments for tetramethyl! iPA. 

Similarly, the HPLC fraction corresponding in mobility to 
ms-iPA gave on permethylation a product whose GC retention 


Fig. 1 High pressure liquid chromatography of A. tumefaciens 
(strain IIBNV6) tRNA hydrolysate. Purified tRNA (~ 2,000 
Asoo U from organisms grown in rich medium to late log phase 
was hydrolysed with 0 3 M KOH under nitrogen at 37 °C for 24 h, 
treated with bacterial alkaline phosphatase (Sigma, 150 U ml~1) 
at pH 8.8 in the presence of 10 mM MgCl, at 37 °C for 16 h and 
extracted with 1-butanol. The extract was evaporated, taken up 
in a minimum volume of 5% ethanol, pH 3.5, and applied to a 
0.3 x 60-cm column of octadecyl-substituted silica (Cy,/Porasil 
B, 37-75 um, Waters Associates) previously equilibrated with 
0.02 M ammonium acetate buffer, pH 3.5, contaming 5 % ethanol. 
The column was eluted with a Imearly increasing gradient of 
ethanol (5-50 %) over 40 ml at a flow rate of 4 ml min~". Fractions 
(4 ml) were collected, lyophilised and assayed for the presence of 
cytokinin-active nucleosides by the procedure of Fletcher and 
McCullagh”. - - - -, Ethanol gradient; —, A2,,. Hatching shows 
cytokinin activity (arbitrary units). Cytokinin standards eluted at 
the positions indicated. 
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Fig. 2 Mass spectrum of permethylated nucleoside from A. tumefaciens tRNA HPLC fractions containing cytokinin-active material with 
the same mobility as ZR (Fig. | fractions 40-48 ml) were evaporated and the residue was permethylated by reaction with methyl iodide in 
the presence of a fivefold excess of dimethyl-sulphinyl anion in dimethylsulphoxide!?. The reaction mixture was diluted with water, the 
permethyl ethers were extracted into chloroform and analysed by GC-MS GC conditions were: glass column; 3% Dexsil on Anachrom A, 
28 cm; He carrier, flow 15 ml min~*; 150 °C for 3 min, then 8 °C min ~ to 350 °C. The column effluent was admitted to the source of a 
Varian CH7 magnetic sector spectrometer through a single stage glass jet separator at 240 °C. Spectra were recorded continuously (at 70 eV) 
during the chromatographic run and processed, stored, and analysed on an accompanying data system (System Industries; System 150). 


time and mass spectrum were identical with those of authentic 
tetramethyl ms-IPA. M+ = 437, fragment ions at m/e 423 
(-CH3), 394 (-C,H; and side chain cyclisation), 263 (BH +), 
248 (BH+-CH°), and 220 (-C;H} from BHt). As expected, all 
major fragments derived from the adenine nucleus were shifted 
+46 mass units from the corresponding iPA fragments due to 
the presence of the thiomethyl group at the 2 position of the 
purine ring. 

The HPLC fraction with mobility equal to that of ZR gave 
on permethylation a product which GC revealed to have two 
major components. The first gave a mass spectrum identical to 
authentic permethylated dimethyl] adenosine and was not 
examined further. The second, whose spectrum is shown in 
Fig. 2 had major fragment ions present at 390 and 216, and a 
small molecular ion at 421. Its spectrum was identical to that of 
authentic pentamethyl ZR. Probable peak assignments (con- 
firmed by deuteromethylation) are Mt = 421; 390, loss of 
OCH; ; 216, loss of OCH; from BH?*; 174, loss of C,H} from 
BH + (cyclisation). Loss of the allylic methyl ether fragment 
(OCH) was favoured over the loss of C,H} and subsequent 
ring closure found in iPA and ms-iPA. Details of these spectra 
will be published elsewhere. 

Examination of the trimethylsilyl ethers derived from this 
HPLC fraction confirmed the presence of ZR. Gas liquid 
chromatography on Dexsil 300 can resolve cis-(TMS),;ZR from 
trans-(TMS),ZR (ref. 13). The sample of (TMS),ZR from 
IIBNV6 hydrolysate had a retention time of 18.2 min, identical 
to that of authentic trans-(TMS),ZR. The cis-isomer in 
identical conditions had Ry = 17.8 min. 

We conclude, therefore, that A. tumefaciens strain ITBNV6 
tRNA contains, besides the iPA and ms-iPA expected for 
prokaryotes, the hydroxylated cytokinin nucleoside trans-ZR, 
the cis-isomer of which is normally found in plant tRNA. Other 
strains of A. tumefaciens also contained trans-ZR although at 
lower levels than IIBNV6. Visual estimates (from HPLC and 
GC traces) suggested that trans-ZR made up about 30% of the 
total cytokinin-active nucleosides in ITBNV6 tRNA. In the 
related virulent strain IIBV7 the level was comparable. In C-58 
and NTI, however, the level was much lower (5-10% of the 
total) and a fourth active component was present. It had a 
mobility on HPLC intermediate between ZR and iPA, and has 
yet to be identified. Differences in cytokinin content between 
strains did not appear to correlate with virulence and may 
reflect the nutritional and growth status of the culture, as is the 
case for the modified nucleoside “Q” in BALB/3T3 tRNA 
(ref. 16). 

The unequivocal demonstration of zeatin riboside in the 
tRNA of A. tumefaciens confirms evidence developed by others 
that some prokaryotes may be able to hydroxylate the isoprenoid 
sidechain of cytokinins. Cheryayil’ used S to demonstrate the 


probable presence of methylthiozeatinriboside in Pseudomonas 
aeruginosa tRNA while Torrey?’ has isolated a cytokinin from 
Rhizobium tRNA which, although not identified conclusively, 
has the chromatographic properties expected for zeatin riboside. 
In contrast, no evidence has been published for the presence of 
zeatin riboside in Æ. coli? or Staphylococcus ‘epidermidis® 
tRNA. The common factor which unites those prokaryotes 
which can hydroxylate the isoprenoid side chain is their 
association with plants, ‘either as pathogens or symbionts. 
It remains to be seen whether this factor has a necessary role in 
their association with the host plant or if it is merely fortuitous. 
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Scrotal asymmetry: 
an appendix 


TESTICULAR asymmetry, as McManus 
has shown’, was a not uncommon 
feature of Greek and Roman sculpture, 
the ancient artist, always attentive to 
nature, seems to have noticed that the 
right-hand testis is usually the higher, 
and inferred (apparently incorrectly) 
that the other ought therefore to be 
the larger. 

For the historian, however, two 
questions still remain to be answered. 
when did the Greeks first discover this 
peculiarity, and how consistently did 
they observe it in the early stages of 
their art? McManus’s data, coming as 
it does from museums in Italy, must of 
necessity be confined almost entirely 
to sculpture of the classical period on- 
ward (that is, from the fifth century 
Bc to Roman times). Since the preced- 
ing century, from the birth of monu- 
mental sculpture in Greece around 600 
BC, was an era of rapid development 
in both style and understanding of the 
the anatomy of the human body, it 
may be worthwhile to supplement his 


survey with a look at the 80 kouroi, 
or standing archaic youths, where this 
feature as preserved intact. I use 
Richter’s typology’, based on minute 
anatomical analyses and generally ac- 
cepted today, and Harmson’s revised 
chronology’, which puts the beginning 
of the series at around 600 zc and its 
end just before 480 sc, the data of the 
Persian invasion and sack of Athens. 
The results (Tables 1-3) can be sum- 
marised as follows. 

As might be expected, the early 
groups (Sounion and Orchomenos-— 
Thera Table 1) show a propensity to 
equalise the testes in both height and 
size (or, occasionally, to model them 
as one; this is particularly the case 
with statuettes, and continues, though 
to a diminishing extent, down to the 
end of the Archaic period: see ref. 2, 
nos 13, 22, 26, and so on’ in such 
cases I record the two as ‘“‘equal’’) 
though even at this early date the right 
is already higher than the left in about 
two-fifths of the statues sampled In 
these and the six statues in which the 
opposite case obtains, the distribution 
of size seems to ‘be more-or-less 
random. 





Table 1 Analysis of the scrotal asymmetry of 26 statues from Richter’s Sounion and 
Orchomenos-Thera groups (c 600-c.570 Bc) 





Side of higher testicle 


Left Equal Right Total 
; Left 3 6 9 
Side of Jarger Equal 10 1 11 
testicle Right 2 4 6 
Total 5 10 11 26 


eee eee — eaaa aħÃĂă 
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Table 2 Analysis of the scrotal asymmetry of 29 statues from Richter’s Tenea~Volomandra 
and Melos groups (c 570-c 540 Bc) 





Side of higher testicle 


Left Equal Right Total 
Left 9 9 
Side of larger Equal l 8 7 16 
testicle Right 2 2 4 
Total 3 8 18 29 


Table 3 Analysis of the scrotala symmetry of 25 statues from Richter’s Anavyssos—Ptoon 12 
and Ptoon 20 groups (c 540-c 480 Bc) 


Side of higher testicle 





Left Equal , Right Total 
Left 13 13 
Side of larger Equal I 6 Pao 
testicle Right 5 ; 5 
Total 6 6 13 25 


a 


By the middle of the century (Tenea- 
Volomandra and Melos groups: Table 
2), the right testis is the higher in a 
majority of cases, though in only half 
of these is the other the larger: the 
tendency to equalise the testes in size 
is still dominant. 

In'the final period (Anavyssos—Ptoon 
12 and Ptoon 20 groups: Table 3) the 
classical scheme is already established. 
Again, the right testis is usually the 
higher (though about a quarter of all 
sculptors, intent on symmetry, still 
persist in making the two equal in 
height and size—a practice that is, 
apparently, to continue), (see ref. 1, 
Table 1), and the left is now regularly 
the larger. Significantly, in no case now 
is the higher testis the larger: Greek 
sculptors seem to have bowed to the 
dictates of common sense, as opposed 
to science, even in the adolescence of 
their art. , 
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Specificity of 
transfer factor 


THE letter by Salaman and Valdimars- 
son’ is an important step forward in 
the understanding of the problem of 
whether the activities of dialysable 
transfer factor (TFd) are specific or 
not. They admit that two substances 
may be involved in the effects of dialy- 
sable leukocyte extracts (DLE)—one 
adjuvant-like material and another 
specific substance (that is, TFd). In 
fact, until recently, reports on the 
effects of TFd dealt with the effects of 
crude preparations of DLE or roughly 
purified fractions thereof. 

There remains, however, one’ im- 
portant point which, although sug- 
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gested by Salaman and Valdimarsson 
when they reported that nonspecific 
effects are more evident in tuberculin- 
positive than tuberculin-negative indi- 
viduals, is generally overlooked and 
which contributes to the confusion in 
this area of research. It was formerly 
claimed by medical practitioners that 
there were no “diseases”, only ‘“‘pati- 
ents”. In other words, a given disease 
may have a different clinical course, 
before and/or during treatment, in 
different patients. This raises the ques- 
tion of recipient peculiarity or, in the 
case of DLE, “recipient specificity” 
The effects of DLE are also surely 
dependent on the specific charac- 
teristics of the recipient; for example, 
it can often be observed that, no 
matter how strongly positive a leuko- 
cyte donor is to a given set of antigens 
by skin testing, the DLE preparation 
obtained induces positive skin-test re- 
activity only to one of the antigens in 
some recipients and only to another in 
other recipients, and some ‘show in- 
creased lymphocyte DNA synthesis in 
the presence of antigens in vitro where- 
as others do not”. Therefore, investi- 
gators who intend to study the effects 
of DLE should consider (at least until 
it is clearly demonstrated to the con- 
trary) that they are probably dealing 
not only with an adjuvant-like materia! 
and a donor-specific substance (TFd) 
but also, in both cases, with recipient 
specificity, which can mask the effects 
of these substances—if indeed they 
exist. 


M. P. ARALA-CHAVES 
H. HuGH FUDENBERG 


Department of Basic and Clinical 
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Permeability of 
blood—cerebrospinal 
fluid barrier during 
foetal and perinatal life 


THE HIGH level of protein in early 
foetal cerebrospinal fluid (CSF) from 
human abortion material reported by 
Adinolfi et al.’ is important confirma- 
tion of results obtained from earlier 
work on human’ and animal foetal 


CSF*. Part of the high concentration 
of protein, however, may have been 
due to hypercapnia, since foetuses 
obtained from abortions are likely to 
be asphyxiated by the time CSF 
samples are taken. Hypercapnia in- 
creases the penetration of albumin‘ 
and other lipid insoluble molecules? 
from blood into CSF. This is suggested 
by the very high concentration of CSF 
protein in the 40-week foetus, com- 
pared with normal term newborn 
infant’*. Adinolfi et al. suggest that 
their findings confirm the proposition 
suggested previously by several authors? 
that the blood-brain and blood—CSF 
barriers to protein are poorly developed 
in foetal and perinatal life. An alter- 
native explanation for the high level 
of protein in foetal CSF, however, is 
that certain plasma proteins may be 
transported into foetal CSF at an early 
stage in brain development**. This 
was based on electron microscopical 
evidence that the tight junctions (which 
form the barrier to protein in adult 
brain’) of cerebral endothelial and 
choroid plexus epithelial cells are 
already well developed at a stage when 
the CSF protein level is very high. 
There is also evidence* from studies of 
isotopically-labelled protein that cer- 
tain plasma proteins (for example, 
transferrin) may be transported into 
the CSF of early foetal brain, but not 
later in development. This finding has 
recently been supported by studies 
using human serum proteins detected 
by immunoassay’® which showed that 
both transferrin (molecular weight 
74,000) and a foetoprotein (molecular 
weight 64,000) penetrated from blood 
into CSF to a much greater extent 
than albumin (molecular weight 69,000) 
in 60-d-old foetal sheep—a stage when 
the CSF contained about 350mg per 
100 ml total protein (term is 147 d). 
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ADINOLFI ET AL. REPLY—We thank 
Saunders et al.’ for calling our atten- 
tion to their work’, and as yet unpub- 
lished results". Regarding the effect of 
hypercapnia, we do not discount it as 
a possible factor influencing the levels 
of plasma proteins in CSF. Saunders 
et al. must be aware of the difficulties 
of working with human foetal material; 
it is after all post-mortem material. 
We stated in our paper‘ that the re- 
sults were based on a very selected 
group of foetuses. Many samples of 
foetal CSF were discarded because of 
contamination with blood and almost 
all foetuses obtained by termination 
with prostaglandin could not be used. 

We acknowledge that the levels of 
some proteins were higher than ex- 
pected in the 40-week-old foetus; 
whether this was due to hypercapnia or 
other factors we are unable to say. 
This does not, however, alter our con- 
clusion that the permeability of the 
blood-CSF barrier is incomplete dur- 
ing foetal life. 

Recent evidence, based on the esti- 
mations of the levels of specific plasma 
proteins such as albumin, a-foeto- 
protein, IgG and prealbumin in serum 
and CSF from the same foetus, sug- 
gests that the mechanisms of transfer 
vary among different proteins. Thus, 
for example, whereas the percentage 
of prealbumin in CSF, as compared 
with blood, varied between 40 and 70, 
the Jevels of other proteins varied from 
~ 5 to 20%. These variations were 
found to be related to the ages of the 
foetuses. 

In our paper‘ we merely presented 
our observations; at this stage of our 
work it seemed to be premature to 
advance any hypothesis on the mech- 
anisms of transfer of plasma proteins 
from blood into CSF in human 
foetuses. 
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Spirit of Nature 


reviews 


R. Desmond 





The Naturalist in, Britain’ A Social 
History By David Elliston Allen. 
Pp. xii+292. (Allen Lane’ London, 
1976.) £9. 





Mr D. Arlen, taking as his text 
Emerson’s comment that once the facts 
of natural history are married to 
human history they become full of life, 
has attempted the first social account 
of British natural history. His survey 
begins with the early seventeenth cen- 
tury when naturalists began exchang- 
ing observations and discoveries, 
occasionally coming together, on field 
‘excursions such as the ‘herborisings’ 
organised by the Society of Apothe- 
caries. Mr Allen has not been able to 
add much to the little already known 
about the development of natural 
history studies in the seventeenth and 
early eighteenth centuries. By the 
middle of the eighteenth century the 
study of natural history was beginning 
to be accepted as an essential part of 
a liberal education and this is where 
Mr Allen’s narrative really gets under 
way. As he points out, natural history 
attained respectability largely through 
the researches and teaching of the 
great Swedish naturalist, Carl Linnaeus. 
Botany in particular was caught up in 
the romantic movement which swept 
Europe. Jean-Jacques Rousseau, a 
seminal figure in this movement and 
no mean botanist himself, urged the 
study of botany as a way of communi- 
cating with the essential spirit of 
Nature. 

A great deal of the book is devoted 
to an examination of the Victorian 
period when nature study became a 
popular pastime and was responsible 
for the many shell pictures and 
albums of pressed flowers which still 
survive It was with evident satisfac- 
tion that Charles Kingsley noted that 
“books of Natural History are finding 
their way more and more into drawing 
rooms and school-rooms, and exciting 
greater thirst for a knowledge which 
even 20 years ago, was considered 
superfluous for all but the professional 
student.” í , 

Serious research was fostered by the 


formation of societies such as the- 


Aurelian Society in 1762, the Linnean 
Society in 1788, the Horticultural 
Society of London in 1804 and the 








Left, Photographic gun, taken from Le Nature (1882); right, bird photography 
under difficulties, taken from Wild Life at Home by R. Kearton (1899). 








Zoological Society of London in 1826. 
But as Mr Allen convincingly demon- 
strates, nowhere was enthusiasm and 
dedication more evident than in the 
humble gatherings of workingmen 
naturalists. Such was James Bolton of 
Halifax who not only taught himself 
botany but also mastered drawing and 
engraving to illustrate his books. 
Stamina and single-mindedness were 
the sterling qualities so many of these 
naturalists had in abundance. As a 
young man William MacGillivray 
walked 800 miles from Scotland just 
to see the fine bird collection in the 
British Museum 

Philip Henry Gosse was so absorbed 
in his studies that his diary recorded 
his son’s birth almost as a casual after- 
thought: “Received green swallow 
from Jamaica E[liza] delivered of a 
son” Country parsons stagnating in a 
cultural desert frequently 
refuge in the world of Nature One 
thinks of Gilbert White’s meticulous 
observations ' at ' Selborne, M.’ J. 
Berkeley’s important contributions to 
mycology, S R. Hole’s delight in roses 
and the popularisation of natural 
history in the spate of books by F. O. 
Morris and J. G. Wood. 


sought 


Entomology and botany have always 
been considered an appropriate. female 
occupation, while the collecting of 
shells was once recommended because 
they “are so brightly clean, so 
ornamental to a boudoir ”? But women’s 
involvement was not always through a 
gentle pursuit of culture In the nine- 
teenth century Mrs Gatty and Mrs 
Griffiths made systematic collections 
of algae and Mary Anning discovered 
the first nearly complete skeleton of a 
Plesiosaurus in the Liassic cliffs near 
Lyme Regis. 

Children were introduced to the 
marvels and mysteries of Nature in 
books such as E. and S. M. Fitton’s 
Conversations on Botany (1817), set 
out in the familiar form of a catechism 
between child and parent Mr Allen 
only briefly touches on the passion for 
disseminating knowledge common to 
all Victorian reformers for whom 
education was a means to moral im- 
provement. Religious bodies such as 
the Society for Promoting Christian 
Knowledge and the Religious Tract 
Society sponsored a ‘number of 
primers of botany and zoology. Prob- 
ably the limitations of space prevented 
Mr Allen from giving due weight to 
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the important role of some commercial 
publishers, notably Richard Groom- 
bridge and Lovell Reeve, in promoting 
the production of inexpensive natura! 
history books. 


With the advancement of serious 
research in the universities and the 
emergence of new disciplines such as 
ecology, the gap between the profes- 
sional and the amateur has inevitably 
widened. Nevertheless, the appeal of 
natural history has always been the 
scope it affords the amateur. Mr Allen 
is particularly good in explaining its 
increasing popularity during the pres- 
ent century, due in part, he maintains, 
to the rediscovery of the countryside 
by bicycle and motor-car. It 1s now no 


longer a matter for surprise when 
books like the Rev. W Keble Martin’s 
Concise British Flora in Colour (1965) 
become instant bestsellers. 

Mr Allen is a keen field botanist and 
it 1s therefore understandable that he 
gives a fuller treatment to botany than 
to, zoology. Nonetheless he has un- 
earthed much new or forgotten 
material from a vast assortment of 
printed and manuscript sources to com- 
pile this fascinating story of the dis- 
covery of Nature, and of the men and 
women who devoted their lives to its 
study. , go 
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Changing attitudes 
to wildlife 


Nature in Trust: The History of Nature 
Conservation in Britain. By John 
Sheail. Pp. xiv+270. (Blackie? Glasgow 
and London, May 1976.) £5.95. 


BEGINNING with a short survey of man’s 
attitudes to nature preservation in the 
sixteenth century, Dr Sheail has traced, 
during the years for which he has the 
most complete documentation, the 
changing attitudes to the protection of 
wildlife. When naturalists first thought 
about protection they concentrated on 
preserving rare and distinctive plants 
and animals by means of legislation. 
Later, as the science of ecology de- 
veloped, the concept of habitat pro- 
tection prevailed. But having come to 
this conclusion land purchase was stil] 
not straightforward. The Society for 
the Promotion of Nature Reserves 
(SPNR) came into existence to promote 
the purchase of land by others, particu- 
larly the National Trust, and did not 
in those early days have money itself. 

This book is a recital of facts 
gathered from the archives and files of 
voluntary bodies, particularly the SPNR 
and the Royal Society for the Protection 
of Birds (RSPB), and from govern- 
mental organisations. The bulk of the 
material relates to the first half of this 
century and chiefly between 1920 and 
1950. It records the activities of the 
various committees which were set up, 
or which set themselves up, to examine 
the types of land which required pro- 
tection, the different ways of acquiring 
it, the setting up of scientific authorities 
to manage the reserves, to undertake 
research, to advise governments and 
others on scientific problems. 

At one point in the 1930s no one had 
clear ideas of what they wanted—what, 
for instance, the relationship should be 
between national parks and nature 
reserves, and the Government gave up 
trying to solve the problem. Although 


thought was given to environmental 
conservation in post-World War I re- 
construction planning it fell to the 
voluntary bodies once again to persuade 
the Government to take action. 
Ultimately it was the committee headed 
by Sir Julian Huxley and the Nature 
Reserves Investigation Committee 
which began to produce the kind of 
recommendation that brought nature 
conservation out of the national park 
sphere of influence and that led to the 
establishment of the Nature Conserv- 
ancy with its original triple function of 
reserve acquisition, research and scien- 
tific advice. Dr Sheail finally records 
briefly what has been happening since 
the 1950s. 

I was enormously impressed by the 
facts that Dr Sheail has collected to- 
gether and incorporated in his book. I 
wondered whether it would not have 
been possible to have digested them 
further or discussed their implication. 
He writes in an easy manner but at 
times I found it difficult to follow all 
the threads. The other point which 
rather worried me was that the book is 
described as The History of Nature 
Conservation in Britain. It is, however, 
more of a history of the development 
of the organisation side of nature con- 
servation. There is no real discussion 
on the effect of writers, broadcasters 
and others who influenced the public 
to take a deeper interest in nature 
conservation, and various other activi- 
ties. 

T feel that the full history of nature 
conservation has still to be written. In 
saying this I am not denigrating what 
has been done in this volume. It is an 
enormous work of scholarship on one 
major aspect of the growth of con- 
servation It is readable and will be of 
great value and interest. As a history it 
has lessons for-the present. 

Peter Conder 





Peter Conder has recently retired as 
Director of the UK Royal Society for 
the Protection of Birds 
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Resistance in 
Pseudomonas 


Resistance of Pseudomonas aeru- 
ginosa Edited by M R. W Brown. 
Pp. ix+335 (Wiley-Interscience: 
London and New York, September 
1975.) £14. 


THIS book is intended to define the 
problems associated with drug-resis- 
tant Pseudomonas aeruginosa from a 
number of different angles, in chap- 
ters written by different authors It 
suffers from the inevitable unevenness 
and repetition that result from diverse 
authorship in discussing a narrow 
field. The repetition is tiresome and 
1t is clear that the editor did not exer- 
cise sufficient control over his team 
For example, chapters 4 and 5 present 
four electron micrographs in com- 
mon, one of which is inverted in one 
chapter in relation to the other. The 
action of EDTA on Pseudomonas is 
mentioned too frequently. The chap- 
ter on antibiotic inactivation and its 
genetic basis carries some curious 
statements. For example, there is 
confusion between the spread of 
resistance plasmids and that of patho- 
genic bacterial clones carrying them. 
Intestinal bacteria other than Pseudo- 
monas are very loosely referred to as 


“‘enterics’ in this chapter. It also uses 
the term ‘‘evolution” imprecisely, and 
presents the puzzling statement that 
“there is good evidence that two 


clones of Gram-negative bacteria 
specifying resistance to gentamicin, 
including Pseudomonads, have be- 
come widespread in France”. If there 
is more than one Pseudomonad there 
is no room in two clones for other 
genera And if there are one or more 
genera of bacteria other than Pseudo- 
monads there is no room for a 
plurality of Pseudomonads. 

The chapter on epidemiological 
typing presents details of a phage- 
typing scheme for Pseudomonas in 
such a way that no-one would realise 
that the principles and techniques it 
enunciates owe their origin and even 
terminology to the phage-typing 
schemes for Salmonella typhi and 
other salmonellae, none of which is 
mentioned It seems rather late in 
the day to publish a photograph of a 
surface spot titration of phage (Fig 1, 
p196), and Fig 2 on the same page is 
a poor illustration of a phage-typing 
result 

Although valuable data are presen- 
ted, there are faults, overstatements 
and omissions in all eight chapters of 
this book. All things considered it is 
of doubtful value at a price of £14. 

E. S. Anderson 
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Red 


colobus 

The Red Colobus Monkey, (Wildlife 
Behavior and Ecology.) By Thomas 
T. Struhsaker Pp xiv+311+37 
plates (University of Chicago: 
Chicago and London, 1975.) £15. 
ADEQUATE descriptions of the beha- 


viour and ecology of rain forest mam- 


mals are rare, largely because difficult’ ` 


observations conditions impose severe 
restrictions on the scope and accuracy 
of the data which can be collected. 
Struhsaker’s study of the red colobus 
is one of the few cases in which an, 
observer has succeeded in producing 
a comprehensive survey both of social 
behaviour and feeding ecology, and 
represents a major achievement in this 
field 

The four main chapters cover pop- 
ulation dispersion, social behaviour 
(agonistic behaviour, grooming, sexual 
behaviour, mother-infant relation- 
ships and intragroup dispersion) and 
feeding ecology (food selection, rang- 
ing behaviour and interspecific rela- 





Chromosome 
configurations 
at meiosis 


Meiotic Configurations. A Source of 
Information for Estimating Genetic 
Parameters. (Monographs on Theore- 
tical and Applied Genetics, Vol. 1.) 
By J. Sybenga. Pp. x+251. (Springer: 
Berlin and New York, 1975.) DM68; 
$27.90. 


Dr SYBENGA gives an account of the 
different kinds of chromosome con- 
figurations encountered at meiosis; 
how they vary in response to change 
in genotype and environment, and to 
change in chromosome structure and 
number. He presents a critical survey 
of statistical methods by which the 
frequencies and distributions of the 
various kinds of configurations within 
and among individuals may be effi- 
ciently described and analysed. Many 
of the methods concern variation in 
configurations dependent on chiasma 
frequencies and distribution. Dr 
Sybenga is evidently sceptical of the 
ability of cytologists to score chias- 
mata with accuracy even in organ- 
isms, such as rye, with large chromo- 
somes. The sceptisism, or modesty, 
embraces Dr Sybenga himself who, 
by way of caution, prefers to score 
the number of chromosome arms 
bound per bivalent rather than the 
number of chiasmata per arm I think 
Dr Sybenga is over modest. I know 
many who claim to score chiasmata 


tions). On each topic the author has 
been at pains to include both detailed 
qualitative descriptions of the beha- 
viour patterns and, where relevant, 
quantitative material concerning their 
frequency. 

The book is of particular interest 
because of the comparisons which it 
draws between the red colobus and 
the partially sympatric black-and- 
white colobus. The two species differ 
markedy in grouping patterns, red 
colobus living in large, multi-maile 
troops which occupy extensive home- 
ranges—black-and-white in smaller 
and more cohesive single-male troops 
in defended territories The study 
shows that these differences are asso- 
ciated with variation in dietetic 
diversity and in the proportion of 
mature leaves in the diet at particular 
times of year. 

Unlike its three precursors in the 
same series, this monograph is clearly 
aimed at specialists and is not easy to 
read, partly because the text relies 
heavily on 76 pages of tables published 
at the end of the volume. 

T. H. Clutton-Brock 


with a very high degree of accuracy 
and thereby acquire more detailed 
information about the consequences 
of variation in chiasma formation! 
To date, the emphasis in this field 
of investigation is of course on the 
consequences of variation in chiasma 
formation. We are still a long way 
from understanding the mechanics 
of chiasma formation or of other 
events at meiosis such as chromosome 
pairing. Many of the facts presented 
in this book provide clues as to why 
experiments seeking to elucidate the 
mechanisms are, to an unusual 
degree, difficult and inconclusive. 
Consider, for example, the question 
of establishing to what extent a struc- 
tural change within a chromosome 
affects its ability to pair and form 
chiasmata with its homologous 
partner. We may introduce an alien 
chromosome segment, by transposi- 
tion, and observe its effects. The 
trouble arises in interpreting these 
effects because the structural change 
is inevitably accompanied by a change 
in the chromosome genotype-that is 
in the content and arrangement of 
genes whose expression in itself 
affects pairing and chiasma formation 
independently of structural homology 
The effects of genotype and of struc- 
ture are here, typically, confounded. 
Were we able to distinguish between 
them we would make some progress 
Dr Sybenga, who has specialised in 
the study’ of meiosis, has produced 
a useful book, bursting with facts and 
figures which are presented with 
clarity and authority. H. Rees 
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Life and death 
of microbes 


The Survival of Vegetative Microbes. 
(Twenty-sixth Symposium of the 
Society for General Microbiology, 
April 1976.) Edited by T. R. G. Gray 
and J. R. Postgate. Pp. x +432. (Cam- 
bridge University: Cambridge and 
London, April 1976.) £12. 



















THis year’s Society of General 
Microbiology Symposium dealt with 
the subject of Survival of Vegetative 
Microbes and this book arises from it, 

Death of microbes is a subject 
which impinges on many areas of 
microbiology but relatively little in- 
terest has been shown in such a 
‘vital? theme. This book brings to- 
gether a number of chapters on this 
topic in an attempt to stimulate 
interest in this important area. 

Professor Postgate introduces the 
subject in an admirably well written 
first chapter. Several of his comments 
on the problems of working in this 
field should be taken to heart by 
microbiologists, not least by some of 
the later contributors to the book. The 
next chapter by Professor Dawes is 
a classic review on the role of endo- 
genous metabolism on survival of 
microbes. 

The effect of other physiological 
stresses on survival are dealt with in 
a series of chapters on cold-shock 
and freezing, drying and aerosol 
stress, osmotic stress, ultraviolet and 
ionising radiation, light and heat. The 
next group of chapters deal with the 
survival of microbes in natural en- 
vironments. Professor Morita’s chap- 
ter deals with survival (in the sea, 
particularly) in conditions of extreme 
pressure. There then follows chapters 
on survival in vivo and in the soil. 
The last two contributions deal with 
the specific role of thymidine starva- 
tion, and the effect of chemicals on 
survival 

Any book which is a collection of 
papers from different authors would 
be expected to vary in standard. This 
is indeed the case but the best are of 
a very high standard indeed. The two 
editors are to be congratulated in pro- 
ducing such a readable and informa- 
tive book, and it is to be hoped that 
it will stimulate interest in this 
neglected area. 

I strongly recommend that this 
book be general reading for all 
microbiologists so that they may 
appreciate the role that death as well 
as life may play in their areas of 
interest. 
























































D. C. Ellwood 
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An Introduction to Electromagnetic 
Fields. By R L. Ferran Pp. 
xi+202 (Van Nostrand Reinhold: 
New York and London, September 
1975 ) Cloth £7; Paperback £3.95 
Tus is a slim volume which forms a 
welcome addition to the stock of 
available texts on electromagnetic 
fields Intended for an undergraduate 
audience, it uses extensively familiar 
examples of electric and magnetic 
phenomena to arrive at a clear 
physical understanding of field theory 
Comprehension is also considerably 
assisted by the liberal use of line 
drawings and illustrations Although 
the mathematical level of this book 
is comparable to others intended for 
the same audience, Ferrari’s dis- 
tinguishes itself by not forcing the 
mathematical pace, but rather by 
making full use of mathematics as a 
manipulative tool to assist in physical 
reasoning It is well written and 
eminently readable As a basis for a 
course of lectures, it would be desir- 
able to supplement it by a well-chosen 
reading list of other books and 
articles, enabling the student to 
delve more deeply into areas of 
interest to him, and to pursue in 
some depths individual topics If its 
brevity can persuade a growing circle 
of engineering students to reach 
beyond a single volume to study a 
subject. rather than merely a book, 
it will have rendered great service. 
P. Silvester 


Methods of Optimisation By G R 
Walsh Pp x+200 = (Wiley-Inter- 
science: London, September 1975 ) 
Cloth £7.50; Paper £3.75. 

THIS text essentially reviews a num- 
ber of optimisation techniques, more 
from the algorithmic point of view 
than that of attempting a unified 
theoretical picture, but with enough 
theory given that the reader can 
establish a certain perspective In this 
spirit it runs through Lagrangian 
methods, non-linear programming 
(Kuhn~Tucker conditions, quadratic 
programming), search and gradient 
methods of optimisation (these 
sections quite thorough), some special 
techniques of constrained. numerical 
optimisation, and a study of some 
special problems in dynamic program- 
ming In treating Lagrangian, Kuhn- 
Tucker and duality theory, the author 
regrettably never gets away from local 
versions of the results, and also 
misses their geometrical significance, 
which is so simplifying and illuminat- 
ing As a medium-level no-nonsense 
introduction, however, the book is 
quite attractive. P. Whittle 


Animal Migration and Navigation 
By Philip Street Pp. 144. (David and 
Charles: Newton Abbot, London and 
Vancouver, March 1976) £495. 

A POPULAR book such as this should 
ideally present a reasonably accurate 
account of the current state of know- 
ledge in a readable and interesting 
style. Philip Street’s book is certainly 
readable, but it is sadly inadequate 
as an account of modern work on 
migration and navigation. The author 
often digresses from the advertised 
subject matter—for example, to dis- 
cuss infrared eyes in snakes, echo- 
location of prey in bats and communi- 
cation in honeybees Much of the rest 
of the book consists of a catalogue 


Books brief 





of examples of long distance migra- 
tions in fish, marine mammals, 
amphibians, insects and birds. 
Although in his introduction, the 
author asserts that long distance navi- 
gation is one of the most fascinating 
aspects of animal behaviour, the book 
says very little about navigation (the 
term itself is never explained) and 
most of the work described is now 
out of date. For example, the chapter 
on bird migration and navigation dis- 
cusses pigeon homing without men- 
tioning any work more recent than 
about 1955, and the account of stellar 
orientation refers only to the early 
work of Sauer. One does not expect 
a popular book to be right up to date, 
but any such book should not be as 
outdated as this one. John Krebs 


Introduction to Liquid Crystals. 
Edited by E B. Priestley, Peter J 
Wojtowicz and Ping Sheng. Pp xi+ 
356. (Plenum: New York and Lon- 
don, 1975.) $27. 

THis book derives from seminars 
given at RCA Laboratories in Prince- 
ton in 1973 and it is strongly polar- 
ised, theoretically and practically, 
towards the technology of using liquid 
crystals in electro-optical devices. 
The preface states this, but the book 
title is potentially misleading to those 
expecting an introduction to liquid 
crystals as a whole The book is also 
mainly concerned with the physics of 
the relevant liquid crystals (nematic, 
cholesteric, smectic A); the chemical 
input is small, and, disappointingly, 
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no analysis of the relative chemical 
merits of available liquid crystal 
materials emerges. The book is, how- 
ever, a valuable and timely text on 
the physics of liquid crystals in rela- 
tion to their use in displays and one 
which will benefit all concerned with 
this technology. 

Being multi-authored, the 18 
chapters vary in quality; those on 
nematic order, continuum theory, 
electrohydrodynamic instabilities, 
Landau-de Gennes theory of phase 
transitions, and the packaging and 
addressing techniques for liquid crys- 
tal displays are very good. The end 
chapter on lyotropic liquid crystal 
systems and membranes points to a 
growing awareness of the possible 
technological scope for these types 
of system. 

References to the 1974 literature 
are quite numerous. The presentation 
of the text, diagrams and equations 
is clear, and the index provided is 
adequate. G. W. Gray 


The Seismics of Heterogeneous and 
Turbid Media. By A. N. Nikolaev. 
Translated from Russian. Pp. iv+ 140. 
(Israel Program for Scientific Trans- 
lations: Jerusalem; Wiley: Chi- 
chester, February 1976) £8.25; 
$16.50. 

Tus is a study of the theory and 
observations of small-scale variations 
‘in the elastic parameters (the tur- 
bidity) of the Earth. Fundamental 
questions arising from the definition 
of “small-scale”, and from the treat- 
ment of such variations as random, 
are unfortunately left largely un- 
resolved; the underlying theory is 
based on the scalar wave equation 
and the reader is merely referred to 
the literature on the question of vali- 
dity. Ultimately the author defines a 
“turbidity factor’ which is to be 
integrated along a seismic ray to get 
the mean square variation in log 
amplitude—a formula quaintly des- 
cribed as “usually invalid” but 
“nevertheless . . . useful”? Regret- 
tably it is noted later on that its 
validity is not yet verified by experi- 
ment. Some model experiments, how- 
ever, are described and the design of 
field experiments and analysis of 
certain observations are given in some 
detail. The net results are contained 
in plots of turbidity against depth for 
sections of one continental and three 
oceanic crusts, leaving the reader 
somewhat in the dark as to the 
related physical properties of the 
medium The book is very hard to 
read as the result of a rather ham- 
fisted translation J. A. Hudson 
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Nuclear industry goes public 


RECENT years have demonstrated that, in Britain at 
least, if any of the components of the unholy govern- 
ment—industry—trades union triumvirate start making 
signs that they are taking a view on a matter, that 
matter is fast becoming an important issue. So when the 
Financial Times organises a conference on nuclear 
power—or, more precisely, “Nuclear Power and the 
Public Interest: the Implication for Business”—it’s a 
fair bet that energy, and specifically nuclear energy, is 
an item on the UK public agenda. 

Evidence for this, of course, was around before last 
week’s conference. Mr Benn, the UK Energy Minister, 
saw to that (if the world’s energy problems hadn’t 
already done so) with his recent energy talk-in and his 
public debate six months ago on the reprocessing of 
nuclear fuel. But with evidence a-plenty offered at the 
conference to show that the future use of nuclear power 
in industrialised countries could not be escaped, short 
of a return to an agragrian economy or a drastic fall in 
living standards, the nuclear issue seemed more confined 
than usual. 

Still, the problem of the long lead-times attaching to 
nuclear operations helps to make nuclear power the 
live issue it now is. The likelihood of a UK “energy 
gap” in the 1990s is disputed in some quarters and 
subject to uncertainties, but if it is to appear, and 
sooner rather than later, it means decisions on nuclear 
programmes are needed now, with a correspondingly 
bigger margin of doubt on all fronts. And where there 
are decisions to be made, there too will the issues be 
created. 

Hardly surprising, then, that people in the nuclear 
industry should be talking, a little over-dramatically, of 
its very survival over the period of energy surplus. 
Hardly surprising, either, that the Department of 
Energy, which doesn’t yet doubt that the nuclear option 
must at least be retained, should become the object of 
attention for those seeking to influence the decisions 
which the “public” character of the nuclear issue now 
foreshadows. 

The critical decision, on whether to go ahead with a 
demonstration fast breeder reactor (FBR), is expected 
sometime in the autumn. Unexpected, if heavily 
qualified, support for a demonstration FBR came at the 
conference from the Chairman of the Royal Commis- 
sion on Environmental Pollution, Sir Brian Flowers 
(now looking at the effect of nuclear power), and from 
Leslie Grainger of the National Coal Board. Great 


uncertainty was again expressed, however, about the 
fate of the Steam Generating Heavy Water Reactor 
(SGHWR). 

On less specific though no less important aspects of 
nuclear power, grave doubts were expressed, and brave 
responses offered: about the disposal of radioactive 
wastes after reprocessing (confidence was expressed 
about glassification techniques, and about burial in deep 
holes or under the ocean bed); about health and safety 
in the nuclear industry (favourable comparisons were 
drawn with other industries, and especially coal); about 
proliferation through international nuclear trade (to 
stop this, claimed one businessman, would be to 
encourage countries to develop their own technology 
over a longer period); about the chances of a nuclear 
accident (all necessary precautions were taken) and 
nuclear terrorism (the chances of a successful action 
were minimal); and about the economic facts of 
nuclear power (which, like all economic “facts”, it 
became apparent, translate only as interpretations). To 
emerge with the right questions seemed more important 
in the end than having pat answers. 

This was less true of other controversial questions 
which were broached about the nuclear issue. What 
should the role of the state be in the nuclear industry, 
if not in encouraging private enterprise in its task? How 
was a stream of steady orders to be secured to tide the 
UK industry over the coming years, if not by breaking 
into the export business with a marketable reactor? 
How was any progress to be made without inter- 
national cooperation, specifically with Britain’s Euro- 
pean partners? Disappointingly, these questions, for 
most delegates, contained their own answers. 

Not that the unique long term aspects of nuclear 
power (“making decisions for future generations”) 
weren't acknowledged. But views on nuclear power for 
the most part revealed differences of detail rather than 
principle. Although the differences weren't insubstantial 
for that, there was unfortunately no real voice posing 
the obvious question—namely.. who or what is the 
anti-nuclear lobby in Britain? (Everyone knows the 
answer to the analogous American question.) 

This latest conference on the subject indicated that 
the British nuclear industry is finding it necessary to 
change its public position by actually adopting one. But 
if nuclear power is really on the public agenda, there 
are still more fundamental issues to be discussed, if 
only to be confirmed as resolved. O 
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The weather a week ahead 


Ernest Knighting describes the establishment of the 
European Centre for Medium Range Weather Forecasts 


ELIABLE weather forecasts for a 

week or so ahead would be of 
great economic value; almost every in- 
dustry, including agriculture, transport, 
building, shipping, fuel and power, 
would benefit in the planning of opera- 
tions and, of course, the general public 
would be better able to plan outdoor 
activities. And if, as has been estima- 
ted, the benefit to Europe would be 
more than £100 million a year at 1970 
values, it is well worth setting up an 
organisation to conduct research into 
problems associated with medium range 
forecasting, and eventually to provide 
operational forecasts. 

The resources of skilled manpower 
and equipment required for such a task, 
however, exceed those normally avail- 
able at national level. This makes an 
international co-operative effort neces- 
sary, and in October 1973 sixteen 
European nations signed a Convention 
establishing the European Centre for 
Medium Range Weather Forecasts. By 
November of last year a sufficient num- 
ber of nations had ratified the Conven- 
tion for the Centre to come into being. 
Belgium, Denmark, West Germany, 
Spain, France, Ireland, Yugoslavia, the 
Netherlands, Austria, Portugal, Swit- 
zerland, Finland, Sweden, Turkey and 
the UK have ratified, while both Greece 
and Italy are expected to ratify shortly. 

The Centre’s headquarters (to be 
erected by the UK Government) will be 
at Shinfield Park, Reading, England; 
temporary accommodation has mean- 
while been provided at Bracknell. The 
Centre will have a staff of about 140, 
including about 70 graduates, mostly 
in the research and operations depart- 
ment. The present staff, numbering 
about 40, reflects the international 
character of the Centre, with nine 
member nations being represented. In 
addition there will be opportunities for 
visiting scientists to work at the Centre. 

The Director, the well-known Danish 
meteorologist, Professor Aksel Wiin- 
Nielsen, was formerly Head of the 
Department of Atmospheric and 
Oceanic Sciences at the University of 
Michigan; he, together with a small 
planning staff, laid the foundations of 
the Centre’s development so that at its 
official birth it was already well- 
advanced in its scientific and opera- 
tional planning. When the Centre is 
fully operational it is expected to have 
a yearly budget of about £6 million; 
the cost will be met by the member 
nations, contributions being scaled 
according to the gross national product 
of each nation. 

The central premise of the develop- 


ment of these operational forecasts is 
that the atmosphere may be regarded 
as a compressible fluid, its behaviour 
being described by the Navier-Stokes 
equation and the thermodynamic equa- 
tions concerned with sources, sinks and 
the transfers of energy. Considerable 
progress has been made in the last two 
decades in using these equations for 
two distinct objectives. The first is for 
short-range weather forecasts for a day 
or two ahead, and it is now common 
for national services, especially those 
in extra-tropical latitudes, to base their 
short-range forecasts on the numerical 
integration of the equations. The prob- 
lem is the prediction with considerable 
accuracy of the motion and develop- 
ment of weather-bearing systems, which 
have a lifetime of a week or so; it re- 
quires a fairly precise knowledge of the 
state of the atmosphere at the instant 
from which the forecast proceeds, while 
some slow acting physical processes 
may be neglected. 

The second objective is to determine 
why the atmosphere has its general cli- 
matic structure and to throw light on 
climatic change. In this research the 
equations are integrated for perhaps a 
hundred days or more rather than for 
the one or two days of the short-range 
forecast. During this period many gen- 
erations of weather-bearing systems 
undergo their life history and the em- 
phasis is no longer on the initial detail 
but on the careful representation of the 
physical processes that are thought to 
be important for the atmospheric deve- 
lopment over a long time, such as 
incoming and outgoing radiation, the 
transfer of energy at the earth’s sur- 
face and so on. 

Forecasting for up to ten days ahead 
presents a more difficult problem be- 
cause both the initial details and the 
careful accounting for the physics 
have to be taken into consideration. 
The detail must be considered because 
the evolution of the atmospheric sys- 
tems in existence initially has a con- 
siderable effect over the period; indeed, 
some of the systems may persist, 
although modified in form and position, 
for most or the whole of it. The 
changes caused by the slow acting phy- 
sical processes can also be profound 
during the period; the effect of a change 
in sea surface temperature, for ex- 
ample, due perhaps to up-welling, can 
be remarkable. Over a few days the 
development of the weather bearing 
systems over Europe and the Atlantic 
can be affected by what is happening 
very far away, and forecasts for ten 
days ahead need to be global, taking 
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Professor Wiin-Nielsen, ECMRWF Director 


into account the developments in the 
Southern Hemisphere, which are less 
well defined, as well as in the Northern 


Hemisphere. 
The equations describing the evolu- 
tion of atmospheric motions are 


highly non-linear and whether any use- 
ful analytic solutions will ever be ob- 
tained seems doubtful. Certainly the 
only known methods of solution are 
numerical, and the arithmetic burden is 
enormous : operational numerical fore- 
casts for a couple of days ahead require 
the use of large-scale computing facili- 
ties with speeds of operation of about 
10 million instructions per second; 
computations associated with opera- 
tional forecasting up to ten days ahead 
call for facilities about five times as 
fast. 

If the Centre is to achieve the diffi- 
cult, perhaps impossible, target it has 
set itself—namely to be in a position 
to provide daily operational forecasts 
before the end of 1980—there must be 
scientific research and development on 
three fronts. The first concerns the 
acquisition of the right daily data, its 
verification and reduction to a suitable 
form. This problem has become very 
complicated because a great number of 
meteorological data, especially those 
from satellites, are observed continu- 
ously and require special methods of 
assimilation if they are to be used in 
the forecasting process. The second 
concerns the important physical pro- 
cesses which often cannot be repre- 
sented directly in the computations 
because the arithmetic has to be carried 
out for discrete grid points about 
100km apart. Atmospheric processes 
smaller in size than this can only be 
represented statistically in the conipu- 
tations. Many of the important energy 
transfers—those due to vertical insta- 
bility and the development of cumulo- 
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nimbus clouds, for example—are sub- 
grid scale in size and their important 
contribution to the working of the at- 
mosphere needs investigating. The third 
concerns the selection of the mathe- 
matical methods of integration, where 
there will be a delicate balance between 
accuracy and economy. 

An additional complication is the 
problem of predictability which is cur- 
rently exercising meteorologists. It is 
the problem of determining for how 
long ahead useful forecasts can be 
made. It is generally agreed that the 
limit is less than one month and more 
than five or six days, using current 
mathematical models and the meteoro- 
logical observations presently avail- 
able. Experimental determination of 
the limit by integration of the model 
equation is very difficult because a few 
integrations cannot give results repre- 
sentative of so variable a fluid as the 
atmosphere, while each integration pre- 
dicting for, say, 14-20 days, is extremely 
costly. Experiments carried out up to 


date show that there is value in the 
forecasts up to ten days and this is con- 
firmed by the few integrations carried 
out at the Centre. The Centre will co- 
operate as fully as it can in the First 
GARP Global Experiment, which is 
designed, among other objectives, to 
determine the limit of predictability. 

With the aid of computer program- 
mes for atmospheric models provided 
by the Geophysical Fluid Dynamics 
Laboratory of Princeton, the Depart- 
ment of Meteorology, UCLA, and the 
UK Meteorological Office, this research 
has already started. Ten days forecasts 
have already been made with these 
models, using both a CDC 6600 com- 
puter installed for the Centre’s use by 
CDL in Bracknell and the UK Meteor- 
ological Office computer complex; 
their production is regarded as a 
familiarisation exercise. 

A considerable effort must also be 
devoted to the selection and installa- 
tion of suitable computing facilities; 
speeds of 50 million instructions per 
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second are only just being developed 
and the selection of an integrated sys- 
tem capable of carrying out the data 
processing and the number-crunching 
on an operational basis will certainly 
present difficulties. Of course, the 
system must be available before 1980 
since the Centre will need to develép 
its operational programmes on it. 
Europe, through the member nations, 
has created the first scientific centre for 
the study and preparation of medium 
range weather forecasts. The inter- 
national meteorological community has 
expressed great interest in this new 
venture with offers of help and co- 
operation. Already a cooperative agree- 
ment has been signed with the World 
Meteorological Organisation and the 
provision of computer programmes is 
one example of the help that has been 
made available. Nevertheless the Direc- 
tor and his staff face a difficult task in 
attempting to build up a new inter- 
national scientific centre in a time of 
recession. oO 


SE eS a 
Science vs. the public 





Colin Norman reports from Cam- 
bridge, Massachusetts, where attempts 
are being made to restrict recombinant 
DNA research. 


IN a move which establishes a virtually 
unprecedented degree of community 
control over an area of scientific 
research, the city council of Cam- 
bridge, Massachusetts, last week passed 
a resolution calling for a three-month 
moratorium on certain types of re- 
combinant DNA research at Harvard 
and Massachusetts Institute of Tech- 
nology. Though the moratorium will 
have little immediate impact, since 
experiments of the types outlawed by 
the council are not yet being con- 
ducted at either university, the coun- 
cil’s actions could have broad and 
lasting implications. 

While the moratorium is in effect, a 
special review board, also established 
by the council last week, will draw up 
recommendations to control recombi- 
nant DNA research in Cambridge. In 
addition the board has been given the 
astonishing task of reviewing all 
laboratory experiments in the city, to 
ensure that none of them poses a 
threat to public health. 

The council’s actions are the result 
of a bitter clash between groups of 
scientists, city officials and Cambridge 
residents over plans to conduct recom- 
binant DNA research at Harvard and 
MIT. The dispute, which centres on 
the question of whether or not such 
experiments can be carried out safely, 
has been a bloody battle which has 
provided ample evidence of public 


distrust of scientists and which has 
further damaged the already abysmal 
relationships between the city and its 
two famous universities. 

In a sense, the clash has also pro- 
vided the first real test of public 
acceptability of federal safety guide- 
lines governing recombinant DNA 
research issued last month by the 
National Institutes of Health (NIH) 
(see Nature, July 1). The guidelines 
were developed mostly by scentists, and 
have not previously been subjected to 
the intense public scrutiny now being 
lavished on them in Cambridge. Those 
who support the guidelines—and they 
include the vast majority of the 
scientific community—can take little 
comfort from the public debate in 
Cambridge. Moreover, many scientists 
are worried that similar clashes could 
break out elsewhere, a development 
which the Mayor of Cambridge has 
been doing his best to promote by 
trying to interest his fellow mayors in 
the issue. 

The hostilities stem originally from 
a proposal, put forward two years ago 
by a group of scientists headed by 
Mark Ptashne, to convert some rooms 
on the fourth floor of the Harvard 
Biological Laboratories into a special 
safety facility. Designed primarily for 
experiments with the animal virus 
SV40—experiments which are fre- 
quently carried out in other institu- 
tions under much less stringent safety 
conditions—the facility became a major 
focus of controversy when the plans 
were modified to include space for 
some recombinant DNA work. 


At present, Harvard researchers are 
restricted to experiments, judged by 
those who wrote the guidelines to entail 
little risk, which do not require special 
safety facilities. According to Matthew 
Meselson, Chairman of the Department 
of Biochemistry and Molecular Bio- 
logy, about 30 people at Harvard are 
now working, at various levels, on such 
experiments. Construction of the 
safety laboratory—a moderate con- 
tainment, or P3, facility under the 
NIH guidelines—would allow many 
other types of experiments to be under- 
taken at Harvard. 

Opposition to the facility came first 
from scientists at Harvard. It took 
two forms. Some argued that although 
recombinant DNA research is an 
exciting and potentially revolutionary 
area of research which should be con- 
ducted at a major research institute 
like Harvard, the building housing the 
biological laboratories is unsuitable for 
a safety facility. It is old, infested with 
ants and cockroaches, and situated in 
a densely populated area. The second, 





more fundamental objection came 
from scientists who argued that 
recombinant DNA research is in- 


herently so risky that virtually all such 
experiments should be confined initially 
to one or two specially equipped 
national facilities, or be outlawed 
entirely, until the hazards are better 
defined. 

In spite of the intensity of the 
opposition construction of the facility 
has been approved in principle by a 
special biohazards committee, by 
Harvard’s top-level committee on 
research policy, and by the Dean of 
Arts and Sciences. Final plans for the 
lab are now being drafted. 
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The internal dispute at the univer- 
sity spilled over into the city and 
mushroomed into a major political 
issue early last month when the matter 
was reported at length in the Boston 
Phoenix, a weekly area newspaper. At 
that point, Cambridge city Mayor 
Alfred E. Vellucci stepped in. An 
irascible, colourful, shrewd politician 
with 26 years’ service on the council, 
Vellucci is no friend of Harvard or 
MIT. In fact, the strained relation- 
ships between town and gown in the 
city provide an important backdrop to 
the clash over recombinant DNA 
research in the city. 

A major source of irritation is the 
fact that the two large, wealthy uni- 
versities are situated in a predomi- 
nantly industrial community and are 
exempt from paying many city taxes. 
There have also been problems over 
pressure on city housing—‘‘If it gets 
any worse”, Vellucci said in an inter- 
view last week, “we'll have to knock 
down some buildings for somewhere for 
people to live”. A good example of 
town-gown friction came a few years 
ago when the city council passed a 
resolution, introduced by Vellucci, to 
pave over Harvard Yard and turn it 
into a parking lot. (The resolution, 
according to  Vellucci, successfully 
spurred the universities into building 
more student parking facilities.) 

Vellucci’s dignity was pricked when 
he read in the Phoenix that Harvard 
scientists were planning to conduct 
reportedly dangerous experiments with- 
out first consulting city officials. And 
his belief in the dangers of the experi- 
ments was heightened by a visit from 
George Wald, a Nobel prizewinner 
and a vigorous opponent of the plans 
for the laboratory. Vellucci called a 
council meeting for June 23—ironically 
the day on which NIH issued its guide- 
lines—to discuss the matter. The 
meeting provided a forum for a bitter 
clash between mostly radical scientists 
and their more establishment col- 
leagues, with council members often 
bewildered and Mayor Vellucci enjoy- 
ing the publicity, and especially en- 
joying the opportunity to haul Harvard 
intellectuals over the coals. 

At one point in the proceedings, 
Vellucci particularly chastised Daniel 
Branton, chairman of the biohazards 
committee, for making little attempt to 
bring city officials into the discussions 
of plans for the safety laboratory. 
Branton protested that he had, but 
Vellucci scored a major debating point. 

During the meeting, Vellucci pro- 
posed a resolution calling for a two- 
year moratorium on all recombinant 
DNA research in the city—even those 
experiments already under way which 
are judged to entail little risk. No 
vote was taken at that meeting, how- 
ever, and it was adjourned after some 


five hours of bitter exchanges. 

The next day, Vellucci issued a 
public statement declaring that the 
meeting “has made it clear to me that 
a ‘cooling off’ period is necessary in 
order for the mayor and the council to 
deal with this matter in a calm and 
rational way”. He then softened his 
proposal for a two-year moratorium, 
calling instead for a three-month 
‘good faith’ halt to the research “so 
that all concerned can properly review 
relevant testimony. He later offered 
another proposal to establish a review 
board to look into the issue and to 
examine other research programs at 
Harvard and MIT to see whether any 
pose a potential public health risk. A 
second council meeting was called on 
July 7 to resume testimony and to dis- 
cuss the resolutions. 

In the fortnight between the meet- 
ings, some councillors and the mayor 
spent a good deal of time contacting, 
and being contacted by, scientists. As 
a result, Vellucci announced to the 
meeting last week that he had “learned 
enough about recombinant DNA mole- 
cules in the last two weeks to take on 
all the Nobel prizewinners in the city 
of Cambridge”. He has certainly taken 
on most of them. 

The meeting began with a demon- 
stration of techniques used in micro- 
biology, for the councillors’ edification. 
Meselson then described the formula- 
tion of the NIH guidelines, noting that 
in each new draft they were made 
more strict. And William Gartland, 
Director of the newly created NIH 
Recombinant DNA Activity Unit, des- 
cribed the guidelines themselves, point- 
ing out in particular the contrast with 
the situation in the United Kingdom, 
where the whole business of setting 
regulations on the research is taking 
place behind closed doors. 

At that stage, Councillor David 
Clem. a young, articulate council 
member who has obviously done his 
homework on the issue, proposed a 
number of amendments to Vellucci’s 
resoultions. The most important 
change was an amendment to limit the 
moratorium to research requiring P3 
and P4 facilities, according to the NIH 
guidelines. That amendment was 
accepted without debate, even though 
it meant the difference between stop- 
ping several experiments and stopping 
nothing. 

Harvard has no P3 or P4 facility, so 
no such experiments are going on there. 
MIT. however, has a P3 facility in the 
Center for Cancer Research, but no 
P3 level experiments have yet been in- 
itiated. One experiment is being plan- 
ned at the facility by Dr Philip Sharp, 
however. He said last week that he has 
been holding off on the research 
which would involve inserting mam- 
malian genes into E. coli—until the 
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NIH guidelines had been published, 
and that it would take at least three 
months to get the experiment approved 
and under way. 

Another council member, Sandra 
Graham, then proposed that the 
moratorium should be extended from 
three months to six. After some debate, 
the amendment was defeated by six 
votes to two. Vellucci then proposed 
that the moratorium should be ex- 
tended to two years if no agreement 
has been reached at the end of three 
months. That was also defeated by six 
votes to two. At that point, the resolu- 
tion with Clem’s amendment was 
approved by five votes to four. 

The second resolution, establishing a 
Cambridge Laboratory Experimenta- 
tion Review Board, was then voted on, 
and similarly approved by five votes to 
four. 

With the amended resolutions 
approved further testimony on them 
became superfluous but it was taken 
anyway—until 12.45 am—with the 
council chamber packed with scientists 
and with people from both sides 
heatedly stating their views. 

A number of interviews with 
scientists the day after the meeting 
demonstrated that both sides are rela- 
tively pleased with the outcome so 
far. Proponents of the research are 
happy that the moratorium will do no 
damage to current research and that it 
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is much less restrictive than the 
original resolutions. And opponents 
of the research are pleaséd that the 
vote has established the principle of 
community control over scientific 
research. 

There is, however, considerable un- 
ease within the scientific community, 
and with good reason. The council 
meeting secured a precarious cease- 
fire, which could easily erupt into 
renewed hostilities. An important 
factor in what happens next will be 
the work of the experimentation 
review board. Its terms of reference 
are broad and hazy, and its members 
are yet to be appointed. One potential 
member is George Wald, who was 
asked by Vellucci last week whether 
he would serve if asked and replied 
that he would be “happy and honoured 
to do so”. Vellucci said after the meet- 
ing that the board would contain both 
supporters and opponents of the re- 
search and that some city residents 
would also be included. If necessary, 
he said, he would Jock them all into 
a room and not let them out until they 
have come to an agreement. 


EEC 


Creation of the board has at least 
taken the council out of its uncom- 
fortable position ın the middle of the 
dispute. But if the board has not 
reached agreement at the end of three 
months, the council will be thrown 
right back in and there would then be 
a possibility that the moratorium 
would be lengthened and, perhaps, 
broadened. Alternatively, if the board 
vigorously pursues its mandate to 
look into all laboratory work in Cam- 
bridge, there is a danger that it could 
turn into a public witch hunt. “We will 
be keeping our fingers crossed in the 
next three months,” says Richard 
Leahy, a dean in the Faculty of Arts 
and Sciences. 

On the other hand, creation of the 
review board at least establishes a 
long-needed channel of communication 
between the university scientists and 
the city. It could provide an important 
vehicle for informing and educating 
the people of Cambridge about 
recombinant DNA research and about 
the process which led to adoption of 
the NIH guidelines. It is conceivable 
that it could even help smooth some of 
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the causes of town-gown friction. 

Another possibility which is clearly 
worrying people far removed from 
Cambridge is that similar clashes could 
erupt in other cities. In that respect, 
Vellucci has been active. Last month 
he attended a meeting of the United 
States Conference of Mayors armed 
with a resolution stating that “no 
university or institution may begin 
recombinant DNA experiments with- 
out first notifying the mayor of the 
city or town in which the experimenta- 
tion will take place. Thereupon, the 
mayor and legislative body shall call 
a public hearing so that the public 
may be an active participant in the 
decision-making process”. The resolu- 
tion was referred to a committee for 
consideration, and Vellucci said last 
week that he intends to press the 
matter at future meetings. 

It is possible that the dispute in 
Cambridge will now quietly die away. 
But with so many articulate and 
politically motivated scientists opposed 
to the research there, the prospects 
at this stage are far from certain. The 
next few months will be critical. oO 





JRC programme awaits approval 


The Commission of the EEC has cir- 
culated final proposals for the next 
multiannual research programme of 
the Joint Research Centre. These now 
await ratification from the Council of 
Ministers. Chris Sherwell reports 





THE multiannual research programme 
of the European Community’s Joint 
Research Centre (JRC) for the four 
years beginning in January 1977, the 
final detailed proposals for which were 
submitted by the Commission to the 
Council of Ministers some two weeks 
ahead of the Council’s May 24 meet- 
ing, may not be approved before Sep- 
tember, even though preliminary dis- 
cussions of the overall framework for 
the Community’s 1977 budget are due 
to start later this month. ` 

The Council decided at the May 
meeting to consult both the European 
Parliament and the Economic and 
Social Committee, even though there 
is a clear need for the JRC’s budgetary 
requirements for 1977 to be entered 
into the budget for the coming finan- 
cial year. The European Parliament is 
being urged to deliver its opinion no 
later than its part-session in September, 
which is about the time when the 
Finance Ministers are expected to be 
reaching more concrete budgetary 
decisions. 

The Commission’s proposed pro- 
gramme represents the outcome of 


many months of behind-the-scenes deli- 
beration, including broad consultation 
with research and administrative staff. 
Last October the Commission sent to 
the Council its “Overall Concept” for 
the programme, setting out guidelines 
for the JRC’s future role, and this the 
Council discussed at an inconclusive 
December meeting along with a docu- 
ment on a joint research and develop- 
ment policy. Other discussions. took 
place in February, and the General 
Advisory Committee considered the 
draft programme in March and the 
Scientific and Technical Committee 
considered it in April. 

The Commission has already stated 
that in framing the new programme it 
took into account ‘‘criticism made in 
the European Parliament and else- 
where” that the JRC “had engaged in 
too many ‘half-baked’ projects which 
it had not the resources to complete” 
—criticism which arose, it said, “in 
part from the failure of the member 
states to provide the Centre with 
effective guidelines”. 

Details of the final proposals now 
under consideration are shown in the 
accompanying table, but do not include 
the installation of the JET fusion pro- 
ject, which the Commfssion wants at 
Ispra, since a decision on the matter is 
still awaited. 

In its final proposals the Commis- 
sion points out, some would say 
rather obviously, that among the 


guiding principles of the programme, 
primary consideration was given to the 
Community’s interests in science and 
technology. From its discussion of 
these principles and of the JRC’s role, 
however, a few important points 
emerge, namely, the priority being ac- 
corded to energy and environment 
questions, the stress on a Community 
public service role for the JRC (that 
is, making equipment, know-how, pro- 
ducts and services available), and the 
concentration of activities and research 
potential on a small number of pro- 
jects. There is also emphasis on the 
“rolling plan” character of the pro- 
posed programme, and on management 
and staff aspects. 

The three-year rolling system, pro- 
posed in order to allow a greater 
degree of adaptability, is quite simple. 
The four-year programme would be 
submitted during the third year, when 
the Council would adopt a new four- 
year programme in which the last year 
of the initial programme would become 
the first year of the new programme. 
The new programme would itself be 
submitted for revision during its third 
year, when a decision would be taken 
on the following programme. In the 
absence of decisions, current program- 
mes would be continued according to 
the Council’s original decisions. 

Regarding the financial requirement 
over the forthcoming four-year period 
of 374.4 million units of account (£156 
million), the Commission says the pat- 
tern of investment expenditure envis- 
aged means in practice that it will not 
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be divided into equal annual parts; 
rather, it is expected that the annual 
budgets will actually show a decrease 
over the four years. 

The impact of proposals regarding 
researchers attached to the JRC ‘has 
statistical consequences to which the 
Commission draws attention. Its con- 
cern over their mobility is reflected in 


the proposal, approved broadly by the 
European Parliament and still under 
examination by the Council (the Com- 
mission urges that it be adopted as 
soon as possible), for a different 
manner of payment; a new “research 
staff? concept is also adopted which 
stretches beyond existing “‘first line 
staff” to include associated technical 
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support staff. 

Thus, as the document goes on to 
point out, if the “research staff” num- 
ber and programme expenditure are 
taken together as a measure of the 
distribution of effort within the JRC, 
programmes I, II and III (which can be 
broadly classed as ‘‘nuclear safety”) 
take up 48% of the total, future 





The Multiannual Research Programme of the JRC proposed by the European Commission 





Programme 


I Reactor Safety 


I Plutonium fuels and 
actinide research 


II Management of 
nuclear materials and 
radioactive waste 


IV Solar energy 


v Hydrogen 


VI Conceptual studies on 
thermonuclear fusion 


VII High temperature 
materials 


VII Environment and 
resources 


IX Measurements, 


standards and 
reference techniques 


X Services and support 
activities 


Totals 


Projects in programme Total 


Reliability and risk assessment; 440 
Light water reactors loss of coolant 
accidents; Liquid metal fast breeder 
subassembly thermohydraulics; 

Fuel coolant interactions and core 
melt-down; Dynamic structure 

loading and response; Structural 

failure prevention 


Utilisation limits on plutonium - 209 
fuels; Plutonium and actinide 

aspects of the safety of the nuclear 

fuel cycle; Actinide research 


Evaluation of long term hazards of 161 
radioactive waste disposal; Chemical 
separation and nuclear transmutation 

of actinides; Fuel materials 

management; Reactor component 
decontamination studies 


Thermal conversion in housing; 57 
construction of European 

installation to simulate solar 

irradiation; orientative research on 
advanced applications of solar 

energy 


Thermochemical processes for 78 
water decomposition; heat source 
coupling 


Participation in conceptual study 14 
of an experimental power reactor 

ın connection with Euratom-CNEN 
association at Frascati (blanket 

neutronics, heat transfer and 

energy conversion systems etc) 


Industrial needs; effect of 51 
operational environment on 

mechanical properties; failure 

modes ın applications; relationship of 
structure and properties 


Atmosphere; water; chemicals, 188 
renewable (agricultural) resources 
Measurement of nuclear data; 286 
nuclear and non-nuclear reference 

methods and techniques; scientific 

support to the services of the 

Commission and Secretariat of 
Community Bureau of Reference 


Exploitation of high flux reactor; 221 
informatics; education and 
training; safeguards; technical 
evaluations in support to the 
Commission 





1,7053 


Units of account based on value at 1 January 1977 f 
1 Does not include 471 local agents not presently classed as personnel because they are paid from funds allocated yearly from the appropriate 


section of the budget 


2 Includes laboratory equipment costs 
3 To this total must be added 183 people relatıng to the ESSOR reactor. 


Personnel 


Research 
Staff 


239 


121 


97 


35 


50 


36 


115 


181 


116 


998 


201 


88 


64 


22 


28 


15 


73 


105 


105 


707 


Programme 
Others! Expenditures research? 


Staff 
Costs 


Global 
Supporting 
Costs 
(muc) 


37.23 


Specific 
Total 
Costs 
(muc) 


92.13 


(muc) 


38.38 


(muc) 


16.52 


6.6 15.3 19.58 41.48 


4.36 15.78 _ 14.24 34.38 


4.86 567 6.74 17.27 


16.46 


2.4 8.14 5.92 


0.28 1.28 0.99 2.55 


2.21 4.44 2.54 9.19 


5.01 18.73 17.59 41.33 


8.185 25.51 25.995 59.69 


26.505 14.94 18.465 59.91 


76 93 148.17 149.29 374.39 
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energies (programmes IV, V, VI and 
VII) take up 12%, environment and 
resources 10%, reference work 17% 
and support 13% 

This as the Commission says, means 
that effectively 70% of the JRC’s effort 
will be devoted to “energy and the 
environment”, with much of the effort 
in energy concerned with nuclear 


BRAZIL 


®@ Brazilian engineers have now suc- 
ceeded in modifying an automobile 
engine to run on pure alcohol. This 
could be significant in solving energy 
problems here, in view of the fact 
that Brazil imports more than 80% 
of the crude oil it uses for making 


petro]. The experimental engine, in- 
stalled in a Brazilian-made Dodge 
sedan and demonstrated to govern- 


ment officials in Brasilia, achieved 
23 miles per gallon—roughly the 
same as that model 


in a highway test. The alcohol engine 
also released far fewer pollutants in 
its exhaust than a standard engine. 


Brazil’s commerce and industry mini- 


ster, Severo Gomes, was impressed 


by the demonstration. He said that 
if an alcohol engine is produced in 
volume here, it will be put first in 


buses and taxis in big cities. 


Brazil has the potential to be self- 
sufficient in alcohol fuel. It is the 
world’s biggest cane sugar grower 
(sugar is the country’s current prime 
source of alcohol), and it has un- 
measured quantities of cassava, a 
plant whose root provides a basic 
food for millions of poor farmers and 
which local scientists say can also be 
made to yield commercially usable 


alcohol. 
The government’s oil refining 
monopoly, Petrobras, currently di- 


lutes its gasoline by 20% with alcohol, 
to make imported crude oil stretch 
further. 


@® Sao Paulo, Brazil’s biggest metro- 
polis (city population: 7 million; in- 


cluding the suburbs: 10 million), also 


has South America’s biggest air pol- 
lution problem A combination of 
thermal inversion, industrial smoke 


_and automobile exhaust gives Sao 


Paulo the look of London in the days 
before anti-pollution measures went 
into effect in Britain. The air quality 
in Sao Paulo is often so bad that 
department stores take out newspaper 


advertisements for filter masks. 


But now local health officials have 
persuaded the mayor’s office and the 


police to cooperate in a plan called 


“Operation Winter’, which will be 
put into effect on ‘badly polluted days 
during the South American winter 


gets with a 
gasoline engine—and had no trouble 
keeping up a steady 55 miles per hour 


safety. The Commission points out 
elsewhere that the proposals also 
achieve a better (60 - 40) balance in the 
ratio of payroll costs (214.6 muc) to 
operating expenses (159.8 muc). 

The new programme, provided it is 
adopted in time, will follow on the 
existing multiannual programme, 
adopted in 1973, being carried out in 


(June-September), when pollution- 


trapping temperature inversion is at 
its worst in Sao Paulo. The operation 
has three stages: a warning level, an 
alert level, and an emergency level 
when local authorities will prohibit 
the use of petrol and diesel-powered 





vehicles, shut down all factories and 
prohibit all burning. 

This type of action has never 
before been contemplated in Brazil, 
‘where the official line has been that 
pollution is the price a developing 
country must pay if it wishes to pro- 
gress since time spent on its control 
is time wasted. 


® Brazil has been complimented for 
its progressive laws protecting wild- 
life and, at the same time, criticised 
for its inability to enforce them. 
This is especially true in the vast, 
underpopulated Amazon region, 
where it is virtually impossible to 
control illegal trafficking of protected 
species of birds and animals. 

Occasionally, though, the authori- 
ties get results. Police in Rio fol- 
lowed up a recent tip that dogs and 
cats ın a residential neighbourhood 
had been mysteriously disappearing, 
and this led them to what apparently 
is a large-scale contraband ring for 
exporting Brazilian Amazon crea- 
tures such as monkeys, parrots, para- 
keets, tucans and canaries. 

Four persons were arrested on sus- 
picion of running an illegal animal 
trade to Europe, North America and 
Japan. The police found hundreds of 
caged birds and monkeys awaiting 
shipment out of the country. They 
also found many dead animals which 
did not survive flights from the 
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the four JRC establishments at Geel 
(Belgium), Ispra (italy), Karlsruhe 
(West Germany), and Petten (Holland) 
The large body of the work will be at 
Ispra. Karlsruhe will take the lead in 
plutonium fuels and actinide research, 
Petten will work on high temperature 
materials, and Geel will coordinate the 
work on reference methods. Q 


Amazon city of Belem to Rio. The 
operators of the smuggling ring 
apparently had been using local dogs 
and cats to make food for the cap- 
tured Amazon animals. 

In similar actions, police ın Sao 
Paulo and Fortaleza recently broke 
up illegal trafficking in songbirds 
which are protected by wildlife laws. 
There is a big local demand for many 
varieties of these popular birds in 
Brazil, and breeders and sellers seem 
willing to run the risks to make a 
profit. 


@ In another instance of Brazil’s 
finally applying a law that had 
seemingly existed only on paper 
before, naval authorities in the north- 
eastern city of Salvador slapped a 
fine equivalent to $25,000 on a local 
titanium company after a pipe broke 
at its factory and sent sulphuric acid 
and ferrous sulphate spilling on to 
Atlantic Ocean beaches, leaving a 
brownish stain several miles long in 
the water. Among the beaches hit 
was Arembepe, which often is played 
up in tourist brochures as a Brazilian 
“unpolluted paradise”. 


© Brazil’s biggest lagoon, Lagoa dos 
Patos, which is near the country’s far 
southern tip, is becoming so polluted 
that fish and shrimp are dying en 
masse, and even some farm animals 
have died of poisoning after drinking 
water from it Scientists at the Rio 
Grande do Sul State Center for Toxi- 
cological Studies are not sure, but 
they think the cause is a sharp in- 
crease in the use of DDT and other 
insecticides on nearby farms Soybean 
and wheat production in Rio Grande 
do Sul have gone up dramatically in 
recent years, and farmers there tradi- 
tionally have used large amounts of 
pesticides. 

Fishermen around Lagoa dos Patos 
say their annual catch in the 3,800- 
square-mile lagoon is going down 
steadily. And bird watchers in the 
region have noticed that the once- 
common marsh cardinal no longer 1s 
seen and that the Patagonian duck 
does not stop at the lagoon any more 
on its winter flight north from 
Argentina. 

Bruce Handler 
Rio de Janeiro 
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Nuclear fuel report out 


After three and a half years of study, 
the Swedish Commission on Spent 
Nuclear Fuel and Radioactive Waste 
recently produced its final report. 
Wendy Barnaby sent this view from 
Stockholm. 


“Even today’s techniques offer satis- 
factory possibilities for the handling 
and storage of spent nuclear fuel and 
radioactive waste.” Such is the assess- 
ment of the Swedish Commission on 
Spent Nuclear Fuel and Radioactive 
Waste, whose task was to study the 
management of low-, medium- and 
high-level radioactive wastes—that is, 
not only those from nuclear power 
plants, but also those from research 
institutions, hospitals and industry. 

The timing of the report was no 
doubt planned to support the govern- 
ment’s pro-nuclear power stance in 
the current general election campaign, 
in which the ruling Social Democrats 
are under heavy pressure from the 
opposition—part of which is adamantly 
opposed to nuclear power. Thus the 
report’s claim—that its “central de- 
mand” was that all steps in the hand- 
ling of radioactive waste had to be 
formulated with regard to the protec- 
tion of people and their environment 
now and in the  future—sounds 
suspiciously like an attempt to pull the 
carpet out from underneath the oppo- 
sition, whose criticism of the safety and 
environmental aspects of nuclear power 
has mobilised an unusually large 
following. The latest opinion polls 
show that both government and oppo- 
sition parties have lost support for their 
nuclear energy platforms since last 
January and that, while the opposition’s 
policy is still more popular than the 
government’s, more people are doubt- 
ing the wisdom of either. This result 
will obviously stimulate each camp to 
even greater propaganda efforts than 
before, and the Commission’s report 
will undoubtedly be one of the govern- 
ment’s main weapons. 

The report has not definitely pro- 
nounced on the fate of Sweden’s spent 
fuel. “We recommend that this decision 
should be taken in 1981 or 1982”, says 
the Commission’s Secretary, Mr Philip 
Moding. The options are to continue 
sending spent fuel abroad for reprocess- 
ing, or to deal with it in Sweden repro- 
cessed or not. In the long term, sending 
it abroad is no satisfactory solution. 
Under an agreement that will last until 
1980, spent fuel from the Oskarshamn 
plant is being sent for reprocessing to 
Windscale in England. Negotiations are 
presently going on between the Swedish 


Nuclear Fuel Supply Company (SKBF) 
and United Reprocessors, jointly owned 
by British, French and German 
interests, for the spent fuel that will be 
taken from plants already in operation 


at Ringhals, Forsmark and Barsebäck. - 


A preliminary understanding has been 
reached but nothing has been signed, 
and the hoped-for agreement would 
probably only last until 1980 anyway. 
“It will be necessary for us to build an 
intermediate storage capacity for spent 
fuel in any case”, says the Director of 
SKBF and an expert adviser to the 
Commission, Dr Erik Svenke, “because 
even if we continue to send spent fuel 
abroad, the reprocessor will have the 
right to return the waste to Sweden and 
we would then have to store it here.” 

The report urges the acceleration of 
research into. ways of handling spent 
fuel domestically without reprocessing. 
How seriously this proposition is meant 
is hard to say. A domestic solution will 
in the long term certainly be preferred 
to the difficulties and uncertainties of 
sending it abroad, especially as 
Sweden’s neutrality makes the country 
seek as much independence as possible 
in questions related to its national 
security; and it seems almost certain 
that a reprocessing plant, with its 
attendant business opportunities and 
relative simplification of storage of 
remaining waste, will then seem the 
best solution. Dr Svenke is convinced 
that Sweden will have to build a repro- 
cessing plant at some time. “A country 
with a civil nuclear programme has a 
responsibility to take care of its waste”, 
he says 

According to the report, any decision 
to build such a plant should go hand in 
hand with one to construct a fuel 
fabrication plant, to ensure that both 
plutonium and uranium are re-used as 
fuel. It estimates that a reprocessing 
plant with a capacity of 800 tons of 
uranium a year (and offering employ- 
ment for 1,000 people) would take 
about 13 years to build. The Social 
Democrats’ plans for Sweden’s nuclear 
future envisage 13 reactors in operation 
by 1985 So far, five are running and 
five others are under construction. 
When all are operating, the country’s 
total net nuclear power capacity will 
be about 10 GWe and, it is estimated, 
the reactors will produce about 300 
tons of spent fuel a year. The reprocess- 
ing plant’s excess capacity would be 
intended for other countries’ waste. 
The Nordic countries would be obvious 
participants, although neither Den- 
mark nor Norway has yet decided to 
build nuclear power plants. Finland, 
however, had three under construction 
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at the beginning of this year, and it 1s 
expected that they will produce about 
2.2 GWe by 1985. f 

The method of disposal recom- 
mended by the Commission is to melt 
the highly radioactive waste in glass 
and deposit the medium- and low-level 
waste in concrete, then store it all in 
vertical tunnels drilled out of.bedrock 
at a depth of 300—400 metres. Studies 
made by the Geological Survey of 
Sweden have pronounced bedrock con- 
ditions stable and suitable for such 
‘storage. “It is very important that the: 
Commission has demonstrated that the 
terminal storage problem can be solved 
in Swedish bedrock”, says Dr Svenke. 
“It signifies that the fuel cycle can in 
fact be closed.” 

The President of Sweden’s Friends 
of the Earth group, Lennart Daléus, 
however, is not so optimistic. “What 
the Commission is telling us”, he main- 
tains, “is that with current techniques 
and those they hope will be developed 
in the future, the problems of high- 
level radioactive waste disposal can be 
solved. But in fact this is more a hope 
than a technical certainty.” He also 
raises broader issues which he says the 
report should have considered. What 
are the social and moral implications 
of undertaking to secure radioactivity 
for hundreds of years? How can we 
possibly be sure that future political 
regimes will be willing or able to take 
care of our waste? Dr Svenke does not’ 
think these issues are relevant. ‘The 
terminal storage of radioactive waste”, 
he says, “is surely a technical problem. 
It does not have the same dimensions 
as other aspects of the question: the 
relationship between the spread of 
nuclear energy and the proliferation 
of nuclear weapons, for example”— 
although he is apparently prepared to 
take the risk of proliferation. 

The report gives only a brief mention’ 
to the problems of terrorism and theft 
of plutonium, and it is noteworthy that. 
one of the parliamentary members of 
the Commission, John Takman, felt 
obliged to publish an addendum to the, 
report expressing his regret that the 
Commission had not taken more 
account of the relationship between 
nuclear energy and nuclear weapons. 
If the more pessimistic experts are 
proved right, and the spread of civil | 
nuclear energy programmes does result : 
in nuclear-weapon proliferation which 
does in turn produce global nuclear 
catastrophe, all the present arguments 
will be shown to be ironically irrele- 
vant. 

Such predictions, however, are not 
the stuff electoral victories are made 
of Sweden’s nuclear future will have 
to wait for clarification until Septem- 
ber, when the results are known. O 
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ISRAEL 


® Some unfashionable opinions on 
science and defence were expressed in 
Israel by Sir John Kendrew, now 
Director-General of the European 
Molecular Biology Laboratory in 
Heidelberg, when he spoke at a 
symposium marking the 60th birthday 


of Israel’s scientist-President, Pro- 
fessor Ephraim Katzir. Sir John 
pointed out that Israeli scientists, 


living in a nation which had fought 
several wars of national survival, 
faced little moral conflict when it 
came to doing defence research. 
British scientists, in contrast, found 
such research “boring and disrepu- 
table.” 

“We now tacitly assume, in my 
opinion contrary to the evidence, that 
defence research is no longer neces- 
sary, that the Western countries will 
probably never again be at war Our 
younger scientists don’t want to get 
involved, and as a result our defence 
committees are manned by grey- 
beards”. Given the imperfections of 
the world we live in, Kendrew added, 
“I think that defence research is 
necessary still, even though it might 
not be as obvious as it was during the 
Second World War when I was 
masquerading as an Air Force officer 
and Crick as a Naval officer”. 

Kendrew expressed scepticism as to 
whether international agreements for 
arms control could be enforced, a 
scepticism which was not shared by 
Professor Carl Goran Heden of 
Stockholm’s Karolinska Institute, who 
also participated in the symposium. 
As he stated in his multi-volume re- 
port on biological warfare that was 
prepared for the Stockholm Inter- 
national Peace Institute (SIPRI), 
Heden thinks that the major powers 
will make and keep agreements. He 
admits, however, that small groups 
of fanatics might take the law into 
their own hands, which emphasises 
the need for an international criminal 
code to deal with such groups. 


© Tf Israeli lives are to be saved, 
military research may be less im- 
portant than research on traffic acci- 
dents, which claim far more victims 
than do the fields of battle Israeli 
motorists kill off one another, as well 
as pedestrians, at a rate practically 
unequalled elsewhere In 1970, ‘the 
last year for which figures are avail- 
able, the accident rate per million 
kilometres travelled was 07 in the 
US, 13 in the UK and France and 
23 in Israel. Only the drivers of 
Japan and Belgium were more lethal 

Tn an attempt to cut down on the 
carnage, the Israeli police have de- 
cided to adopt a plan proposed by 
plasma physicist turned traffic expert 


Gerry Ben-David, who aims at re- 
educating the entire population of 
Israeli drivers. It is based on putting 
drivers under close observation and 
swiftly making them aware of their 
mistakes. First tried out on a very 
limited basis, it will now encompass 
10% of Israeli highways. 

Placed at strategic points along 
these roads will be specially trained 
teams, each member of which will 
concentrate on certain traffic viola- 
tions. Every violation will be recorded, 
as will the licence number of the car 
concerned (though no attempt will be 
made to stop the vehicle). The viola- 
tion data will be transferred for com- 
puter processing using standard tech- 
niques, and the computer programme 
will be then control all subsequent 
communication with the driver. Con- 
puterisation makes it possible to en- 
sure that within a matter of days the 
person (or company) in whose name 
the car is registered will receive a 
letter from the traffic police giving 
full details of the offence and point- 
ing out the dangers involved in such 
behaviour If the owner himself was 
not driving his vehicle at the time, he 
will be asked to identify’ the actual 
driver so that he can be contacted 

During the initial, small-scale trial 
of the Ben-David scheme, observers 
witnessed an extraordinary number of 
traffic violations. One four-man team, 
for example, reported 6,086 offences 
in one month along just one section 
of the road, the most common viola- 
tions being close driving, unnecessary 
driving in the lane reserved for pass- 
ing, and speeding. Motorists “caught” 
up to three times were sent letters, 
while those guilty of more traffic 
violations were asked to come for a 
talk with the police or perhaps even 
forced to undergo a new driving test 
before being allowed to continue on 
the road. 

While Dr Ben-David cannot yet 
prove that his scheme actually pre- 
vents traffic accidents, he notes that 
a foHow-up carried out during the 
preliminary trial of his system showed 
that the observed violation rate drop- 
ped more than 50% for drivers who 
received a single letter and 80% for 
those who received three letters. 
When observation teams are operat- 
ing over large stretches of Israeli 
highways, he feels certain that there 
will be a significant drop in the 
countrywide accident rate 

Accident prevention in Jsrael in- 
volves special problems, notably the 
fact that 75% of the drivers have 
been on the road for less than 10 
years. At the same time, drunkenness, 
a major cause of accidents in other 
Western countries, is practically un- 
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known. In spite of the differences, if 
Dr Ben-David’s system works in Israel 
at may also work elsewhere. 


@ After a hard day of driving, ex- 
hausted Israelis slump into their arm- 
chairs and turn on the TV, anxious 
for entertainment rather than educa- 
tion. It may be for this reason that 
Israeli TV allocates so little time for 
science, particularly locally produced 
programmes. 

This month, however, viewers were 
introduced to an excellent new TV 
series on archaeology which gives 
them both science and entertainment, 
the latter stemming from the fact that 
the man who explains the archaeology 
is a master entertainer. Hebrew 
University Professor Yigael Yadin is 
no ordinary archaeologist: his de- 
scriptions of an excavation have the 
artistry of a well-crafted murder 
mystery, and an audience of laymen 
is kept breathlessly alert awaiting the 
discovery of an artifact which will 
reveal the true identity of an ancient 
civilisation or the cataclysmic event 
which brought about its destruction. 

Yadin’s archaeology programme 
features a “Find of the Month” and 
other recent discoveries as well as 
new interpretations of previously un- 
earthed objects. One of the Jatter, 
wnich Yadin showed viewers on his 
last telecast, was a 6,000-year-old 
vessel with “beaks? which, until 
recently, had been called a “‘bird-like 
utensil” for want of a better term. 
Now, he explained, archaeologists 
have discovered its real purpose by 
taking a close look at the “food tech- 
nology” of contemporary bedouin. As 
a film sequence convincingly demon- 
strated, the bedouin use a very similar 
container to make cheese and other 
processed milk products, which 
means, almost certainly, that the 
“bird-like utensil’ was an ancient 
churn. 

Another regular feature of the 
series, ‘“‘Archaeology Around the 
Corner’, highlights the fact that 
almost every Israeli town and village 
has one or more sites of interest. 
Yadin recently zeroed in on a Site in 
West Jerusalem, where a partially 
exposed column, lying flat, is clearly 
visible A camera team was stationed 
near the object and then passers-by 
were asked what it was. Only after 
several rather comical replies did an 
interviewee correctly state that it was 
a column intended for use in the con- 
struction of the Second (Herodian) 
Temple which for some reason had 
been left lying several miles from the 
Temple site. 

Nechemia Meyers 
Rehovot 
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NUCLEAR BRIEF 


US export moratorium ? 


Proliferation of the international trade 
in nuclear technology is “very rapidly 
becoming a major political issue in the 
United States”, Mr Llewellyn King, 
Editor of Weekly Energy Report, told 
the Financial Times conference on 
nuclear power last week. Hearings set 
for July 20 on the subject would bring 
it into the front line, and if prolifera- 
tion became an issue in the coming 
elections, he predicted, there would be 
a “de facto moratorium on the export 
of nuclear technology”, a change which 
would affect the world nuclear market. 
The issue was a “lively” one in Con- 
gress, and the President was “very 
concerned”. 


THE pressures on Britain’s countryside 
increase, and so do the efforts of those 
concerned with wildlife conservation. 
Since the 1939-45 War, 146 National 
Nature Reserves covering nearly 120 
thousand hectares have been de- 
signated, and voluntary organisations 
such as the Royal Society for the 
Protection of Birds, the National 
Trust, and the County Naturalists 
Trusts have obtained control of only 
slightly less ground. In these days of 
world shortages, and the need to pro- 
duce more food in Britain to reduce 
imports and the balance of payments 
deficit, there is concern as to whether 
it is right to set aside so much land 
for the benefit of the minority of the 
population interested in our native 
animals and plants. 

At a meeting recently organised by 
the Royal Society on the scientific 
aspects of nature conservation in 
Britain, two main topics were discus- 
sed. The first was the value of con- 
servation as such; the second con- 
cerned the contribution of science, 
particularly ecology, to conservation 
and the management of nature re- 
serves and other protected areas. 

The conservation of the land, of 
water and of natural resources is 
clearly desirable, and wildlife may 
be looked upon as just another 
“resource”. The difficulty is to give 
this a value, particularly a cash value. 
Many of the arguments about the 
economic importance of wildlife are 
unconvincing to the layman, and may 
prove counterproductive. It is true 
that several wild birds and plants may 
act as inexpensive and delicate indi- 
cators of pollution, but the important 
species are not confined to nature 
reserves. Wild plants have proved 
valuable in work in producing new 
crops, but it is difficult to argue con- 
vincingly that the gene pool of the 
Spring Gentian in upper Teesdale has 


Reprocessing prospects 


The prospects for the nuclear fuel re- 
processing deal that British Nuclear 
Fuels Ltd (BNFL) is negotiating with 
Japan look “very good indeed”, -and 
there has been “‘very good progress” in 
negotiations with European countries 
for similar business, according to Mr 
Con Allday, managing director of the 
company. The deal, which involves 
BNFL’s reprocessing facility at Wind- 
scale, attracted a good deal of publicity 
earlier this year, since when the French 
firm Cogema has been introduced on 
one side and changes have occurred in 
the team on the Japanese side. An 
Anglo-French mission recently visited 
Japan for talks. 


a contribution to make to food pro- 
duction. 

It is safer to base one’s support 
for wildlife conservation on scientific, 
educational, cultural, aesthetic, 
recreational or even sentimental 
grounds. The scientific argument 


Nature conservation 


KENNETH MELLANBY 


would perhaps appear to be the 
strongest, but even here the conserva- 
tionist must not appear to claim too 
much. Nature reserves provide essen- 
tial facilities for ecological research, 
and so make an important contribu- 
tion to that science However, we 
may become involved in a circular 
argument’ reserves are provided for 
research, which yield results which 
enable us to maintain those reserves 
so that they continue to provide 
facilities for more research. To the 
sceptic this may sound too much like 
“jobs for the boys’. I believe that 
we conservationists should be honest, 
and admit that our motivation is not, 
mainly, economic. We should not be 
ashamed to admit that our interests 
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Uranium fix 


Canada is resisting the efforts of the 
US Justice Department, which has 
served subpoenas on two of the coun- 
try’s three major uranium producers, 
to investigate alleged attempts at price 
fixing. The chairman of one of the 
companies is also president of the 
Uranium Institute, the trade associa- 
tion representing the industry’s pro- 
ducers and consumers which recently 
held its first annual general meeting in 
London. It has not been served with a 
subpoena, and stresses that its activity 
does not and would not include price 
fixing. Several companies in the United 
States have also been served with 
subpoenas. 


are, at least partly, aesthetic and 
sentimental, and that we believe that 
conservation contributes to civilised 
living. 

But if we do not claim that con- 
servation is of economic importance, 
what do we say to those who com- 
plain that we are harming agricul- 
ture? Could not the quarter of a 
million hectares in different types of 
reserves be better used by our 
farmers? First, it should be noted that 
only a tiny fraction of these reserves 
is grade 1 or grade 2 farm land, suit- 
able for arable cultivation. Secondly, 
we lose vastly greater areas, often of 
the best land, to housing, factories, 
motorways and airports. This loss 
now amounts to 30 thousand hectares 
a year; in four years the loss in area 
exceeds that of the 146 National 
Nature Reserves. The first priority 
should be to reduce, and eventually 
stop, this continuing erosion of our 
farmland. 

In the meantime, conservationists 
are surely right in trying to acquire 
as many sites as possible. Modern 
farming, to be profitable, cannot 
afford to support wildlife except in 
marginal areas. We need reserves 
where wildlife has priority, and some 
areas should be on good farmland, 
which supports larger numbers of 
more species than the barren moors 
generally left to the conservationist. 
We certainly need to produce more 
food, but first let us cut out waste. 
Nearly a quarter of the food bought 
in our supermarkets ends up in our 
dustbins, and intensive livestock rear- 
ing wastes over ninety per cent of the 
rations fed. So long as these processes 
continue, conservationists need have 
few qualms when they designate new 
reserves, particularly as this land, un- 
like that used by industry, could easily 
be brought into fruitful cultivation in 
an emergency. 
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correspondence 





Electrostatic 
energy storage 


Sir,—With shortages of oil and petrol 
clearly facing us, it is tıme to consider all 
other ways of storing energy effectively 
Although leading possibilities for auto- 
motive use include advanced electric 
batteries and specially designed flywheels, 
the search for materials (particularly poly- 
mers) with high dielectric strength and 
static dielectric constant must not be 
overlooked; it might lead to economically 
attractive electrostatic storage systems. 

The efficiency in converting the stored 
electric energy to mechanical energy to 
turn wheels can confidently be expected 
to be very high—close to 90%. This means 
that substantially less energy (about 1/7) 
need be stored in a vehicle for range, 
speed and acceleration on a par with a 
petrol-burning system. There is no exhaust 
to pollute the air and even thermal pol- 
lution by wasted heat is reduced by a 
factor of 9 or so at the vehicle. Recharging 
can be done more rapidly and efficiently 
than conventional battery charging: a few 
minutes should suffice at a service station 
equipped with suitable rectifying equip- 
ment and electricity supply lines of 
industrial capacity. Alternatively, _ the 
domestic electricity supply is generally 
adequate for overnight charging. With 
programmed parallel-series switching the 
variation in operating voltage can be 
kept modest and the extraction of stored 
energy can be made nearly complete. 

The stored energy density in a sheet of 
dielectric can be expressed as 


D = 0.4427 x 10° Ka? 


with D in kJ m-* and a in V AW; K is 
the low frequency dielectric constant. 
Many commonly used capacitor di- 
electrics have dielectric constants below 
10, corresponding to strong ionic or more 





Competition 8 


Du Pont’s notepaper has ‘‘There’s a 
world of things we’re doing some- 


often to non-polar interatomic bonds. A 
class of metal titanate ceramics, however, 
has dielectric constants up to 12,000. But 
the dielectric strength is the more critical 
parameter and is sharply reduced by 
various impurities. In paper-thin sheets, 
appropriate to capacitor construction, 
high purity can be achieved in mica 
(a~0.022) and organic polymers (aS 
0.028). 

Applying the energy storage formula 
for mica with a dielectric constant 
of ~5 to 7, we might expect a storage 
capacity of 1,000-1,500 kJ per m? of mica. 
Commercial energy storage capacitors 
are listed up to 600 kJ m~3, based on a 
waxed paper dielectric, so this level of 
energy density is close to commercial 
practice. Recognising that there will be 
some additional volume required for the 
thin electrodes and an outer casing, a 
comparable organic polymer capacitor 
should have approximately the density of 
water, and thus an energy density of 
1-2 kJ kg. . 

If we take the lead-acid storage battery, 
at 44kJkg™, as an aiming point, we 
would need to develop a material with 
the dielectric strength of the best plastic, 
incorporating enough polarisable sites to 
raise the dielectric constant above 130. 
This is a reasonable aim in economic 
terms as the lead-acid battery is already 
marginally adequate for electric cars and 
trucks. 

A further discussion of promising 
materials and ideas for study has been 
prepared (ORNL Report TM-29, June 
1976). 

Yours faithfully, 


R. L. MACKLIN 


Physics Division, 

Oak Ridge National Laboratory, 
Oak Ridge, 

Tennessee 37830 


thing about”? imprinted on it, and the 
slogan for Rockwell International 1s 
“Where science gets down to 
business”’. 

A prize of £10 is offered for the 
best one-sentence slogan (preferably 
tongue in cheek) for your (or any- 
one else’s) laboratory, business or 
university The closing date for entries 
is August 31. 


Competition 7 requested a modern 
headline for a scientific achievement, 





in 
Electrostatic energy 
discharge from humans 
Sir,—The amount of electrostatic 


energy which can be stored in the 
capacitance represented by the human 
body does not appear to have been 
measured and reported in the litera- 
ture. Besides being of phenomeno- 
logical interest, this measurement 
could be important when considering 
the explosion hazard represented by 
anaesthetics and antiseptics when used 
in close proximity to electrostatically 
charged humans, such as in operating 
theatres and intensive care areas. In 
this regard, it has been suggested that 
ether vapour will explode when sub- 
jected to an electrostatic energy as 
small as 200 xzjoules in magnitude. 

An appreciation for the magnitude 
of the electrostatic voltage which the 
human body can be charged to; the 
capacitance represented by the human 
form; and the electrostatic energy 
stored by humans, can be obtained by 
discharging the body through a known 
resistance, and displaying the discharge 
curve on a storage oscilloscope. 

The results obtained indicate that 
the electrostatic energy which the 
human body can store, and conse- 
quently dissipate, is in the order of 
6 4643.26 millijoules. The capacitance 
of the body is 65.9+12.1 pf, and the 
electrostatic voltages which the body 
can be charged to is 13,802+4,443 
volts These measurements could be 
valuable when considering the role 
that the human body plays in the caus- 
ing of explosions of volatile chemicals 
in hospital and industrial environments. 

Yours faithfully, 
A. E. MARBLE 
D. MacVicar 
A. ROBERTS 
Halifax, Nova Scotia, Canada 


and there was a large entry, on fairly 
predictable themes. A. L. Mackay 
(London) receives honourable men- 
tion for “Prominent philosopher in 
public bath scandal”. The £10 prize 
is shared equally between P. J. 
Fallon (London), for “Role of Earth 
probed by Pole”, and C. F. Hammer 
(Wilmington, Delaware), whose “Bell 
discovers new use for wooden poles— 
wires to carry conversation over 
distances”? seemed just right for the 
New York Times. 
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news and views 





Interpreting protein electron density maps 


from C. C. F. Blake 


Ever since the subject began, protein 
crystallographers have been complain- 
ing that they work for a long time on 
a project without obtaining any signi- 
ficant information and then, literally 
overnight, they are overwhelmed with 
information The source of this surfeit 
of data is the electron density map of 
the protein which is calculated in the 
form of a three dimensional figure- 
field of electron density values that 
contains between 50,000 and 500,000 
points, depending on the size of the 
protein and the resolution of the study. 
Although the figure-field will encom- 
pass one protein molecule, much of 
the data is redundant because it will 
inevitably include some volumes of 
liquid containing more or less-ordered 
water molecules, and parts of other 
(identical) protein molecules related 
by symmetry or simple translation to 
the central molecule. 

In view of the vast amount of in- 
formation present in the figure-field, 
total interpretation is not normally 
attempted, attention being naturally 
concentrated on the folding of the 
polypeptide chain and the location of 
side chains. This operation has always 
been carried out in the past by con- 
verting the figure-field into a stack of 
transparent sheets contoured in levels 
of equal electron density, and inter- 
preted in terms of a physical mole- 
cular model This is, however, by no 
means ‘straightforward, especially if 
an accurate model is required, because 
the ideal of building the model inside 
the electron density is a physical im- 
possibility. After various laborious ad 
hoc methods had been used on the 
first proteins, a standard piece of 
apparatus—the optical comparator— 
was proposed by Richards (J. molec. 
Biol , 37, 255, 1968), using the ingen- 
ious principle of optical superposition 
of the model and the contoured elec- 
tron density map Although it is rela- 
tively easy to use, the comparator has 
certain disadvantages it is large and 
uses up valuable laboratory space; with 
larger proteins it becomes physically 
difficult to build the model, and some 
users have had difficulty with depth 
perception. Another problem associ- 
ated with all physical models, however 
they are built, is the need to measure 
the spatial coordinates of all non- 


-hydrogen atoms, a laborious process 


requiring some thousands to tens of 
thousands of accurate measurements. 
These coordinates are then returned to 
the computer, either for: drawings to 
illustrate the structure, or for some 
kind of refinement process for improv- 
ing their accuracy. 

Since the current system requires 
very hard work to obtain a somewhat 
inaccurate model it seems desirable 
to seek an improved system, which 
clearly has to be computer ‘based The 
most obvious improvement is to use 
a computer display system as an 
electronic Richards’ comparator, as 
proposed by Katz and Levinthal (A. 
Rev. Biophys. Bioengng, 1, 465-504; 
1972). This requires expensive hard- 
ware and allows only a limited section 
of the map to be displayed for fitting 
at any one time. An alternative is to 
use the basic computer to attempt the 
appropriate pattern recognition on the 
figure-field in an automated or semi- 
automated procedure.‘ This approach, 
whose development has been reported 
by Greer in a series of papers (Greer, 
J molec. Biol., 82, 279; 1974; 98, 649; 
1975; 100, 427; 1976) has now reached 
the point where it has been used suc- 
cessfully to trace the main chain and 
produce a preliminary set of atomic 
coordinates of a Bence-Jones protein 
(Greer, J. molec. Biol., 104, 371; 1976) 

The basic aim of Greer’s approach 
is to reduce the electron density to a 
series of thin connected lines that 
trace the path of the polypeptide 
chain. Although the path of the poly- 
peptide chain will be marked by a 
continuous string of above average 
density, in any real protein map it is 
by no means uniquely defined. Varia- 
tion in thermal vibrations and possibly 
even of order will cause the level of the 
string of density to be quite variable, 
while disulphide bridges .and strong 
intramolecular or intermolecular 
hydrogen-bond contacts will result in 
strong continuous features that do not 
represent the path of the main chain. 
These factors result in formidable 
problems in attempting- to recognise 
and isolate the true main-chain density 
from these other similar, but spurious 
features, and Greer has had to develop 
a procedure that has a number of 
stages in each of which criteria have 


been evolved that successively elimi- 
nate density points which do not re- 


‘present the main chain 


The starting material is the electron 
density figure-field'in a Cartesian co- 
ordinate system with a grid spacing of 
about 1A, that completely encloses a 
single molecule. The first operation is 
the elimination of all electron density 
points below a minimum value and 
“contouring” the remainder at equal 
intervals. The appropriate values are 
arrived at by inspection to give maxi- 
mum main-chain continuity and a mini- 
mum of spurious cross connections. 
Starting with the lowest contour level, 
the remaining points are successively 
removed to leave a skeleton of lines 
that defines the basic connectivity in 
the map, using a_three-dimensional 
generalisation of a method developed 
for processing micrographs of chromo- 
some smears. This skeleton is then 
simplified by pruning easily distinguish- 
able side chains down to the main 
chain, leaving a flag to mark the posi- 
tion of the a-carbon atoms At this 
point the description of the skeleton is 
transformed into a tree-like structure 
in which segments are defined as lines 
that lie between the tips or branch 
points in the skeleton; such a des- 
cription restricts ambiguities to the 
points where segments meet. After 
this, all segments that represent parts 
of neighbouring molecules that ob- 
trude into the Cartesian frame are 
removed to isolate a single molecule 
Simple loops in the skeleton are 
removed next by using simple rules to 
identify the true main-chain branch. 
The skeleton that remains represents 
primarily thé main-chain and inter- 
main-chain bridges, possibly lacking 
one or two main-chain connections 
that were removed earlier. The final 
stage involves putting the skeleton 
through a process that selects the main 
chain on the basis of length and the 
presence of side chains, starting ‘with 
the longest segment and attempting to 
add other segments to each end. This 
is an iterative procedure that includes 
examining skeletons calculated at 
lower electron density to locate weak 
main-chain connections eliminated 
from the main skeleton. Wisely, 
manual intervention is allowed for 
when the programme reaches an 
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ambiguity that cannot be resolved 
easily. 

Using the procedure on a 3-A reso- 
lution map of the Bence-Jones protein 
Rhe,.Greer has shown that it defined a 
main-chain line some 433A long, 
produced provisional coordinates for 
113 a-carbon atoms, defined the basic 
B-sheet structure characteristic of 
Bence-Jones proteins and also found 
a short segment of a-helix. Even at 
this stage 1t is clear that the technique 


could be valuable and it seems pro- 
bable that it can be developed further. 
Although some crystallographers will 
see this as a further encroachment of 
the computer into what they consider 
to be their proper province, most will 
note its real value in giving more’ time 
(and possibly a better start), for the 
important task of getting an accurate 
description of the molecule through 
which the biological problems can be 
solved. O 


Hydrogenases and efficiency. 
of nitrogen fixation in aerobes 


from R. O. De Dixon 


WITH the high energy, and thus 
financial, cost of nitrogen fertilisers it 
is now important to rely, where 
possible, on microbial nitrogen fixa- 
tion. The fixation of nitrogen by 
microorganisms occurs with varying 
efficiency in terms of substrate con- 
sumed for each nitrogen fixed. To use 
microorganisms to the best advantage 
it is well that we be able to identify 
factors which lead to greater efficiency 
of nitrogen fixation and thus to select 
the most efficient organisms. 

It is known that metabolic energy 
in the form of ATP and reducing 
power is wasted, by the enzyme nitro- 
genase reducing protons rather than 
nitrogen. Evolution of hydrogen occurs 
with nitrogenase from all nitrogen- 
fixing microorganisms tested so far in 
vitro, although it has not been possible 
to test the extent to which this wastage 
occurs in vivo in most organisms 
because of the complicating presence 
of hydrogenases. In anaerobic organ- 
isms there is a hydrogenase which 
evolves hydrogen simultaneously with 
the nitrogenase whereas in aerobes, 
such as Azotobacter, hydrogen is taken 
up ‘bya hydrogenase. ‘ 

In experiments in which it was 
thought that the hydrogenase had been 
inhibited by carbon monoxide, no 
hydrogen evolution was detected from 
Azotobacter. It was thus suggested 
that, in this organism, the nitrogenase, 
atypically, did not reduce protons 
(Postgate, in The Chemistry and Bio- 
chemistry of Nitrogen Fixation, 161- 
190, Plenum, New York, 1971). This 
view, which was not universally 
accepted, has now been shown to be er- 
roneous by Smith, Hill and Yates (page 
209 of this issue of Nature) who report 
that the Azotobacter nitrogenase does 
not in fact differ in vivo, from that of 
the other nitrogen fixers. They confirm 
that the lack of hydrogen evolution 
from intact bacteria is due to hydro- 
gen uptake by a hydrogenase. 

That the hydrogen, taken up by the 


hydrogenase, may be put to some use 
was shown some time ago by Hyndman 
et al. (J. Bact., 65, 522~531; 1953). 
They showed that the hydrogen taken 
up by Azotobacter was oxidised with 
consequent synthesis of ATP. Similar 
observations were made more recently 
with hydrogenase in Rhizobium bac- 
teroids (Dixon, Arch. Mikrobiol., 85, 
193-201; 1972). Possession of this 
hydrogenase enables these aerobic 
organisms to recoup some of the ATP 
expended on wasteful evolution of 
hydrogen by nitrogenase. The sugges- 
tion was made earlier (Dixon, in 
Nitrogen Fixation by Free-living Micro- 
organisms (edit. by Stewart, W.D.P.), 
Cambridge University Press, 1975), and 
is now reiterated by Smith et al., that 
this reutilisation of hydrogen with ATP 
formation is the reason for the 
greater efficiency which has been found 
for Azotobacter nitrogen fixation over 
that of anaerobes such as Clostridium 
(Hill, Drozd, and Postgate, J. appl 
Chem. Biotechnol., 22, 541-558; 1972). 

Although the presence of hydro- 
genases in free living organisms has 
precluded the investigation of the level 
of wastage by the evolution of hy- 
drogen, the lack of hydrogenase in 
some root nodule associations ‘has 
enabled Schubert and Evans (Proc. 
natn, Acad. Sci. U.S.A., 73, 1207- 
1211; 1976) to estimate the degree of 
efficiency of the fixation of nitrogen in 
a number of such associations. The 
more efficient associations, which in- 
cluded all the non-legume root nodules 
in the study, showed evidence of a 
hydrogenase which takes up the 
hydrogen evolved. The wastage of ATP 
and reducing power by evolution of 
hydrogen is estimated to vary between 
40 and 60% of the total used by nitro- 
genase in those associations in which 
hydrogenase was not a complicating 
factor. 

Schubert and Evans calculate that 
with a wastage of 50%, reutilisation of 
hydrogen could double the amount of 
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nitrogen fixed in cases where the 
energy supply is limiting. It has indeed 
been demonstrated in a number of 
cases that the supply of photosynthate 
from the plant limits nitrogen fixation 
by root nodules. Although this calcu- 
lation would seem to be optimistic, if 
one bears in mind that the estimate of 
molecules of ATP utilised, per pair of 
electrons transferred through nitro- 
genase for hydrogen evolution, is 
three to four and the P/O ratio 
obtained from hydrogen uptake is not 
likely to be better than two, substan- 
tial savings can be made. This would 
be reflected, as Schubert and Evans 
point out, either in an increase in dry 
matter yield, where photosynthate is 
not limiting, or in an increase in 
nitrogen fixed. Thus selection of a 
strain of Rhizobium which possesses 
this hydrogenase may pay dividends in 
the yields of some Jegume crops. 
Much work has been done and is 
being pursued on the legume-—root 
nodule association in order to under- 
stand the infection process and nodule 
development, with the long term aim 
of transferring nodulating capability to 
other agricultural crops, whereas little 
attention has been paid to non-legume 
associations. But the greater efficiency 
of nitrogen fixation of non-legume 
associations shown in the data of 
Schubert and Evans suggests that it 
may be well to give them more atten- 
tion than in the past. Jg 


Irregular associations 


from E. G. Richards 


For nearly a decade it has been known 
that complementary trinucleotides do 
not associate detectably. So, we may 
ask, how does the anticodon on the 
tRNA bind with such specificity to 
messenger triplets on the ribosome? 
Part, at least, of the answer must lie 
in the tRNA, for trinucleotides com- 
plementary to anticodons of tRNA 
associate with the latter and, more 
dramatically, as Eisinger showed some 
years ago, pairs of tRNA molecules 
with complementary anticodons bind 
together with an association constant 
as high as 10° M”. 

The purist may wonder what rele- 
vance the participation of tRNA mole- 
cules in these unnatural acts may 
have to tRNA-messenger interaction 
but Grosjean, Soll and Crothers have 
come up with some interesting sugges- 
tions (J. molec. Biol , 102, 499; 1976). 

When such pairs of tRNA molecules 
interact, they do so with a small (0.1% 
of the total) absorbance change which 
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from a Correspondent 


THE paper by Arst in this issue of 
Nature (page 231) marks another step 
in our understanding of regulation of 
gene action in the mould Aspergillus 
nidulans. In 1970, Hynes and Pateman 
(Molec. gen Genet, 108, 97-106, 107- 
116) reported mutants which identified 
a gene whose product seemed to act as 
a positive regulator of the structural 
gene for amidase (amdS). Now Arst 
reports that this regulatory gene— 
now called intA for integrator—also 
regulates expression of two genes con- 
cerned with -amino acid metabolism. 
These latter two genes, gatA and gabA, 
code, respectively, for an inducible 
transaminase acting on f-alanine, y- 
aminobutyrate or 6-aminovalerate and 
a permease for the same w-amino acids. 
The three genes under control are all 
unlinked to intA and to each other. It 
seems that various mutations in intA 
can affect the control of amdS, gatA 
and gabA differentially, and can also 
be associated with changes in the rela- 
tive responses to y-aminobutyrate and 
B-alanine as effectors. The conclusion is 
that the intA product interacts with 
each of the three genes (or with con- 
trolling regions associated with them) 
and also with various small molecular 
effectors, and that these specificities can 
be altered by mutation. Arst draws 
attention to the similarity between 
intA and the type of integrator gene 
proposed by Britten and Davidson in 
1969 (Science, 165, 349-357) as part of 
an influential general model for regu- 
lation of gene action in eukaryotes. 
Arst’s report, together with earlier 
work, shows that sets of unlinked genes 





Grosjean et al. were able to monitor 
in temperature jump relaxation experi- 
ments. This absorbance change shows 
the right spectral distribution to be 
expected from the base pairs presumed 
to be formed, and is not manifest when 
the two anticodons are not comple- 
mentary Moreover, the three comple- 
mentary bases must be centred in the 
middle of each seven-membered anti- 
codon loop for the reaction to be 
appreciably manifest. Thus, for in- 
teraction, the anticodons per se must 
be complementary, and complemen- 
tarity between other bits of the anti- 
codon loops does not help. 

Returning to the temperature jump 
results, the authors found that the rate 
constant for the association reaction 
was close to that expected for the 
association of complementary tri- 
nucleotides, and, furthermore, virtually 
temperature independent. The surprise 
comes in the rate constant for the back 
dissociation reaction which was six 
orders of magnitude slower than ex- 


Regulatory genes in fungi 


can be simultaneously subject to more 
than one system of integrative regula- 
tion. Arst and Cove and their colleages 
(for example, Molec. gen. Genet., 126, 
111-141; 1973) had already described 
in Aspergillus a regulator gene, called 
areA, which is concerned with nitrogen 
catabolite repression, and which regu- 
lates the action of several other genes 
with functions in the generation of 
ammonium ion. A type of mutant 
allele, called are", represses these 
other genes (including the amidase 
gene) even in the absence of ammonia. 
“Constitutive” alleles of intA can nul- 
lify the repressing effect of areA’, the 
positive integrative control in this case 
over-riding the negative. In addition, 
one can have positive gene-specific 
regulation, acting in parallel with the 
“integrator” regulation. Thus, another 
regulatory gene, amdA, is found by 
Arst to act positively on amdS (more 
or less additively with intA) with no 
effect on gabA and gatA 

The regulation of nitrogen metabol- 
ism in Aspergillus, thanks mainly to 
the work of J. A. Pateman in Glasgow, 
Arst (with D. J. Cove and C. Scazzoc- 
chio) in Cambridge, M. J. Hynes in 
Australia and P. Weglenski in Warsaw, 
is becoming an extremely complex 
story—excessively so, perhaps, in the 
opinion of some. But the complexity is 
there in the eukaryotic cell. Attempts 
to unravel the network of gene inter- 
actions are bound to produce some- 
thing of a tangle at the outset, but per- 
haps some general features are begin- 
ning to emerge which will eventually 
fall into place in a higher-order pattern. 


pected. It follows that the equilibrium 


constant is 10° 
expected. 

More detailed analysis showed that 
the entropy of interaction was not very 
different from that expected for trinu- 
cleotide interaction, but the enthalpy 
change was about —25 kcalories, 
which is about 10 kcalories larger than 
expected. This difference of 10 kcalo- 
Ties is sufficient to account for the 
factor at 10° and is at the kernel of 
the enhanced anticodon—anticodon in- 
teraction. This in itself suggested that 
stacking interactions were involved. 

Pushing the investigation further, 
Grosjean ef al. studied the interaction 
of Escherichia coli tRNAS™ with yeast 
tRNAP# in the presence of EDTA, in 
which conditions the former species 
is in the denatured conformational 
state. The association was still ob- 
served, suggesting that the structural 
features which distinguish the two con- 
former states are not important to the 
association. Similarly the removal by 


times higher than 
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specific cleavage of the first 16 nucleo- 
tides from the 5’ end of the tRNA?» 
did not alter the interaction. On the 
other hand, fragments obtained from 
both these species such that anticodon 
helical arms could not form, still asso- 
ciated but with a constant reduced by 
about two orders of magnitude—leav- 
ing an enhancement of four orders 
still to be accounted for. 

The remaining factors were deemed 
to reside in the “dangling ends” or the 
residual four bases in the anticodon 
loop that are not involved in the anti- 
codon itself Grosjean eż al. point out 
that the sixth base in the anticodon 
loop (that is the one at the 3’ end of 
the anticodon) is frequently modified. 
They go on to show that the associa- 
tion constant varies for species with 
similar anticodons but differs in the 
nature of the sixth base, and, in par- 
ticular, that excision of the Y base 
from this position in tRNA?* leads to 
a substantial reduction in the enthalpy 
of association. 

Grosjean et al. tie all these observa- 
tions together by postulating that the 
enhanced association constant and the 
increased enthalpy of association ori- 
ginates from the stacking of the two 
anticodon arm helices on either side of 
the helical region formed by the anti- 
codon-anticodon interaction, with the 
3’ dangling ends stacked up as jam in 
this three layer cake. I choose this 
analogy carefully since jam is well 
known to be sticky. 

We are finally left with the thought 
that something similar happens in the 
codon-anticodon interaction. Maybe 
the ribosome holds the relevant portion 
of the messenger in a configuration 
similar to that in the tRNA and allows 
the interaction to be similarly stabilised 
by stacking. 

These results also imply that the 
anticodon helical arm exists in both 
the native and denatured forms of E. 
coli tRNAS™. Further evidence of the 
similarities and differences between 
these two forms of tRNA comes from 
a paper by Jones, Kearns and Muench 
(J. molec Biol., 103, 747: 1976) who 
worked with E. coli tRNA™?. They 
measured the low field nuclear mag- 
netic resonance (NMR) spectrum of 
the native form of this species and 
assigned to their satisfaction all parts 
of the 115-14.5p.p.m. region to one 
or other structural feature expected of 
the clover leaf model in its surmised 
tertiary structure. There were thus 19 
base pairs, a protected U or G and 
two tertiary base pairs including 
Au-s*Us. The agreement between their 
experimental spectrum and that com- 
puted from these assignments was very 
reasonable. They then repeated the 
process for the denatured form and 
considered in detail the difference 
NMR spectrum between the two. They 
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succeeded again in demonstrating a 
reasonable agreement between cal- 
culated and experimental spectra. The 
final result is a model for the de- 
natured form in which stem, TUC arm 
and anticodon arm remain intact but 
the DiHU arm is undone and the 
anticodon arm extended by some of 
the original DiHU arm bases pairing 
with bases in the extra arm. This 
extension of four ‘base-pairs involves 
one bulged out G. This model they 
argue is also consistent with the pat- 
tern of kethoxylation of both the 
native and denatured forms. In an 
argument too complex to repeat here 
they also consider and reject other 
possible pairing schemes for the 
denatured form. 


Besides being consistent with their 
own data the model for the denatured 
form has several attractions. The 
small number of base pairs that needs 
to be undone for either form to revert 
to the other is consistent with the ease 
of this interconversion. Furthermore, 
if it ıs assumed that E. coli tRNA™? 
has a tertiary structure similar to that 
of yeast tRNA? as vouchsafed by 
X-ray diffraction analysis, then this 
interconversion can be readily en- 
visaged to occur with but minimal dis- 
ruption of the tertiary structure. 

If all this is accepted we can begin 
to point at those parts of the structure 
that are involved in the biological 
activities that are knocked out when 
the molecule is denatured. oO 


Meteoroid swarms colliding with the Moon 


from David W. Hughes 


METEORIC dust particles are continually 
striking the Moon with velocities be- 
tween 2.4 and 74kms™. On impact 
they lose their considerable kinetic 
energy and excavate a crater thus pro- 
ducing a large quantity of hot ejector 
most of which subsequently falls back 
to the lunar surface but some of which 
exceeds the escape velocity and moves 
off into space. A lunar seismic dis- 
turbance is also produced. The latter 
can be detected by the passive seismic 
network deployed by the Apollo astro- 
nauts. This consists of four stations 
arranged around an approximately 
equilateral triangle with sides about 
1,100km long. The Apollo 15 seismo- 
meter makes the northern apex at 
Hadley-Appenines, Apollo 16 is in the 
east in the crater Descartes, and the 
west apex has Apollo 12 in Oceanus 
Procellarum and, 180 km away, Apollo 
14 at Fra Mauro. Each station has 
three long period (>1 s) seismometers, 
sensitive to motion along three or- 
thogonal directions, and a fourth short 
period (<1 s) seismometer sensitive to 
vertical motion. Each can detect a 
ground movement of about 0.05 nm. 

Fortunately lunar scientists think 
that the seismic signals produced by 
meteoroid impacts can be distinguished 
from those caused by moonquakes. 
Impact events have sharper first signal 
rise’ times, indistinct shear wave 
arrivals and lower frequencies in the 
wave train. This is due to the fact that 
the impact waves must traverse the 
surface scattering zone twice between 
the impact point and the seismometer. 
Moonquakes, caused by tectonic strains 
within the lunar interior cross the zone 
only once so the energy in their seismic 
wave is less diffuse. 

During the 924 days between 
January 1, 1973 and July 13, 1975 the 
seismic network detected 815 signals 


interpreted as being caused by 
meteoroid impacts. These have been 
statistically analysed by Duennebier, 
Nakamura, Latham and Dorman 
(Geophysics Laboratory, University of 
Texas) in their recent paper in Science 
(192, 1000; 1976). If an event is de- 
tected at only one 'seismometer it is 
regarded as “small”. The signal ampli- 
tude is probably proportional to E’/r 
where E is the energy of the meteoroid 
and r is the distance between the sensor 
and the impact point, so most of the 
small events are caused by impacting 
particles with masses between 50 and 
10°g, the larger events, detected at 
two or more stations, being caused by 
5x10 to 5X10‘g meteoroids. The 
authors find that a plot of impact rate 
as a function of time shows several 
sharp peaks in activity. Also, the fre- 
quency of intervals where there are 
no impacts is significantly more than 
expected—expected, that is, if the 
meteoroids are scattered randomly in 
space and the resultant impact rates 
follow a binomial distribution. Duen- 
nebier et al. conclude that some of the 
objects in the 50 to 50,000 g size range 
are not distributed randomly in space 
but occur in swarms. One of the more 
impressive swarms detected by the net- 
work was estimated to be about 210" 
km across and have'a total mass be- 
tween 10'* and 10“ g. 

Could these peaks in the rate curve 
be caused by the Moon passing through 
a stream of particles produced by a 
decaying or decayed comet? Meteor 
showers caused by just such a process 
are common on Earth. The problem is 
that only about 10% of the mass in a 
meteor stream is made up of particles 
with individual masses over 50g (ac- 
cording to Hughes, Space Res XV, 
565; 1975). A considerably smaller 
percentage of the sporadic Solar 
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System dust cloud ds made up of these 
large particles, however, so the meteor 
streams should stand out prominently 
above the background Now 50 and 
50,000 g particles impacting with the 
Earth’s upper atmosphere at around 
40 kms™ produce visual meteors of 
magnitude about —4 and —12 respec- 
tively and an increase in flux of these 
very bright meteors and fireballs has 
been noticed during meteor showers. 
Meteor streams are always detected 
from Earth at the same solar longitude 
(about the same time each year) and 
Duennebier ef al. note that the lunar 
events show no yearly pattern. The 
fact that the Moon oscillates by 
3.8X10°km about the Earth’s orbit 
does not help to get over this problem 
as meteor streams such as the Perseids 
and Geminids are 2.0X10° and 
1.0x10°km wide. Both these streams 
are rich in fireballs. 

It was also noticed that the mass 
distribution of the incident particles 
changed during the high rate events, 
the percentage of smaller objects being 
larger in the swarms than during the 
normal sporadic influx. Unfortunately 
this is exactly the opposite to what 1s 
observed with visual meteor showers, 
where the percentage of large particles 
increases. 

Two of the maxima occurred on 
consecutive months, near new Moon, 
whereas the June, 1975 maxima 
occurred at full Moon. This contrasts 
with the timing of the moonquakes 
observed at the Apollo 17 site 
Cooper and Kovach, Proc. Lunar Sci. 
Conf 6th, 2863; 1975) which appear to 
be closely correlated with the 29-d 
lunar month and the 300K tempera- 
ture variation of the lunar surface layer 
that occurs between mid-day and mid- 
night. 

So these data reveal something of a 
mystery. Large moonquake rates re- 
sult, according to the authors, from 
the impact with the Moon of swarms 
of particles with masses greater than 
50 g. Should similar swarms be seen on 
Earth? The answer is no, because even 
the peak lunar activity only corres- 
ponds to an infall of one large 
meteoroid every 3 days over an area 
100 km in radius. The converse though 
is puzzling. The annual meteor streams 
seen on Earth contain a significant flux 
of particles in the mass range sup- 
posedly detected on the Moon. This 
flux also exceeds the sporadic (non- 
shower) flux by nearly an order of 
magnitude. So why haven’t these been 
observed in lunar seismic data? Using 
the influx rates for the large meteo- 
roids which produce fireballs in the 
Earth’s atmosphere, obtained from the 
American Prairie Network of all-sky 
cameras (McCrosky and Ceplecha in 
Meteorite Res, 600 (edit. by Milman, 
P.,) D. Reidel, Dordrecht, 1969), about 
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250 particles with masses greater than 
50g should hit the Moon each day. 
Even going to the upper limit 
(50,000 g), of Duennebier et al.’s mass 
range the rate is about 10 per day. This 
compares with the maximum rate of 12 
events per day observed by the seismic 
network. If meteoroid impacts are be- 
ing detected the major meteor showers 
should stand out clearly above the 
sporadic background. The fact that 
Duennebier et al. are not seeing these 
showers introduces the possibility that 
they are seeing something else. o 


Metals in proteins 
from S. D. Dover 


Tue environment of metals in metal- 
loproteins is of growing interest with 
the advent of synchrotron radiation. 
As distinct from crystallographic 
studies, which reveal the whole mole- 
cule, X-ray absorption measurements 
in the neighbourhood of the absorption 
edge of a metal are indicative of the 
local environment. 

The use of synchrotron radiation as 
a tool for studying that environment 
is probably at the beginning of its ex- 
ponential growth phase. In this applica- 
tion a tunable source of X radiation 
is required so that the spectrum can be 
observed. Coventional tubes are de- 
signed to emit most of their X-ray 
energy in the characteristic radiation 
line. The white radiation background, 
for a similar wavelength spread, has a 
much lower intensity. This means that 
the power available from the syn- 
chrotron over a whole range of wave- 
lengths is several orders of magnitude 
greater than from laboratory sources. 

This factor makes it possible to 
measure in an acceptable time the X- 
ray absorption spectra of systems where 
the absorber is relatively dilute (as 
in metalloproteins). Results from the 
Stanford Synchrotron Radiation Pro- 
ject (SPEAR) have been reported 
(Proc natn. Acad. Sci. U.S.A., 72, 
2340; 1975) where gains in speed of 
10*-10° over X-ray tubes have been 
obtained. For example, the spectrum 
for haemoglobin over a 400 eV range 
was measured at 1eV steps in only 
20h. This gave an acceptably low noise 
compared with the modulation of the 
X-ray absorption. 

It is the modulation of the absorp- 
tion spectrum that is of interest. The 
spectrum of a free metal consists of a 
low absorption region below the ab- 
sorption edge where the incident 
photon is insufficiently energetic to 
excite the K electron. With increasing 
energy of X rays, the absorption edge 
is reached as the K electron can be 


excited to empty bound states. Beyond 
the edge itself the photon energy is 
sufficient to cause the emission of a 
photoelectron. The absorption tends to 
decrease monotonically from the 
absorption edge. 

In contrast the spectrum of a bound 
metal in this region (the region of the 
extended X-ray absorption fine struc- 
ture, EXAFS) is affected by the photo- 
electron being scattered back to the 
metal emitter by neighbouring atoms, 
inhibiting absorption. Instead of de- 
creasing monotonically, the spectrum 
is modulated as the wavelength of the 
photoelectron varies with the wave- 
length of the X-ray photon. It is as if 
the photoelectron is acting as a diffrac- 
tion probe for the environment of the 
metal. The back-scattering from sur- 
rounding atoms will have the appear- 
ance of interference fringes according 
to their distances from the metal and 
the photoelectron wavelength. Theo- 
retical analysis of the fine structure of 
the spectrum has been successful in 
terms of the atomic environment for 
metals themselves (Adv. X-ray Anal, 
13, 248; 1970) and the iron-sulphur 
system in rubredoxin (Proc. natn. 
Acad. Sci. U S.A., 72, 4003; 1975). 
Work is continuing on haemoglobin 
and metalloporphyrins (Proc. natn. 
Acad. Sci. U.S.A., 72, 2340; 1975) 
where the results from the porphyrins 
can be used in the interpretation of the 
environment of the haem iron. 

The absorption edge itself is being 
studied in model compounds (Proc. 
natn Acad. Sci. U.S.A., 73, 1384; 
1976) where the fine structure and 
position is affected by the available 
bound electronic states. These and 
other model compound studies to- 
gether with those of metalfloproteins 
provide the possibility of examining the 
electronic situation of metals in pro- 
teins, and the two regions of the X-ray 
absorption spectrum together hold the 
promise of revealing the whole local 
environment. OJ 


Fission of medium 
weight nuclei 


from P E. Hodgson 


Tue fission of heavy nuclei such as 
uranium and plutonium is a well known 
phenomenon of practical importance. In 
special circumstances lighter nuclei can 
also undergo fission, and evidence for the 
fission of nuclei of mass around 80 has 
recently been found by Braun-Munzinger 
and colleagues (Phys. Rev. Lett., 36, 849; 
1976). : 
The experiment giving evidence of suc 
fission is the interaction of 140 MeV *°S 
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ions with Ti. This type of interaction 
has been studied for many years in order 
to determine.the characteristics of heavy 
ion reactions, but the particular feature 
of the new experiment is an array of 
electronic counters that facilitates deter- 
mination of the masses and energies of 
two of the products of the reaction. For 


The cytonet protein 


In his report on the recent EMBO sym- 
posium, Bretscher (Nature, 261, 336; 
1976) refers to the protein which 
Pearse (J. molec. Biol., 97, 93; 1975; 
Proc. natn. Acad. Sci. U.S.A., 
73, 1255; 1976) has shown to 
be associated with vesicle ‘‘coats’’. 
In separate publications on this 
same material in the biochemical 
and neuroanatomical literature, an im- 
portant correlation appears to have 
gone unnoticed. Gray (J. Neurocytol., 
1, 363; 1972; Brain Res., 62, 329; 1973) 
examined coated vesicles in presynaptic 
terminals in the central nervous system 
and concluded that the coat material 
is structurally indistinguishable from 
a fibrous network filling the inter- 
vesicular cytoplasm. He also noticed 
that coated vesicles are surrounded by 
a clear space which he interprets as a 
retraction zone caused by fracture of 
an extensive cytoplasmic network, part 
of which has artefactually collapsed 
onto the vesicle forming the coat. The 
coat then appears to be a distorted 
fragment of a diffuse yet discrete cyto- 
plasmic organelle composed of a 
fibrous reticulum which Gray called 
the ‘cytonet’. 

Gray (J. Neurocytol., 4, 315; 1975) 
later repudiated not only vesicular 
coats but the entire cytonet structure 
as artefactual, thinking it to be com- 
posed of denatured protein complexes. 
However, Pearse’s discovery that vesi- 
cular coats contain essentially one pro- 
tein supports an interpretation of the 
cytonet as a distinct supramolecular 
structure. Since it pervades the cyto- 
plasm of many cell types it seems likely 
to play some role in the spatial organ- 
isation of cytoplasmic components, 
particularly of organelles such as 
synaptic vesicles. It thus seems impor- 
tant that the protein which coats iso- 
lated vesicles should be considered in 
its broader association with the cytonet, 
rather than in the limited context of 
“coated vesicles” which subcellular 
fraction studies imply Pearse’s pro- 
posed name for this protein (clathrin 
or “coat substance”) is a misnomer. If 
the molecule must have a name 
‘cytonexin’ would be better. 


A. J. Matus 
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ELap = 140 MaV 


Fig. 1 Plot of the energy and mass number 
of particles emitted from the interaction of 
140 MeV 5 with Ti. The top diagram 
shows all particles and the lower one only 
those emitted in coincidence with a second 
particle entering an ionisation chamber. The 
solid lines are calculated for the electrostatic 
repulsion of two spheres and the dashed lines 
are the kinematic constraints due to the 
detector geometry. 


each interaction it is possible to measure 
the energy (E) and mass (A,) of one of 
the reaction products by a time-of-flight 
telescope set at 35° to the incident beam 
and then the energy and energy loss in an 
ionisation chamber of a second particle 
emitted on the opposite side of the beam 
at the same time as the first, together with 
its angles of emission in and normal to 
the scattering plane. 

Some of the results are shown in the 
figure in which each point represents a 
particle of energy E, and mass A, 
detected by the time-of-flight telescope. 
The top part shows all particles and the 
lower part only those emitted in coinci- 
dence with a second particle entering the 
ionisation chamber. 

In these plots, the vertical lines around 
A = 32 correspond to the incident 32S 
tons that have undergone peripheral 
elastic or quasielastic interactions with 
the loss or gain of a few nucleons. These 
interactions have been extensively studied 
and are now quite well understood. The 
broad band of points extending from 
A œ~ 32 to A ~ 50 corresponds mostly 
to particles coming from the fission of 
the compound nucleus with A = 82 into 
two fragments of similar mass. 

This identification is made by calcu- 
lating the kinetic energies for the electro- 
static repulsion of two charged spheres 
separated by {r9(A,/?+ A,“3)4+-2} fm for 





ro = 1.0 and 1.4; with the lighter frag- 
ments following the stability valley. The 
results of this calculation are shown by 
the solid lines in the figure, and they 
follow the experimental distribution very 
well. 

Confirmation of this comes from the 
identification and kinematic correlations 
of the coincident particles. The ionisation 
chamber measurements of the second 
particle give its charge Z,, and assuming 
its mass is A, = 2Z,+1, the total mass 
of the fissioning nucleus is A,-+-A,. For 
all values of Z, between 12 and 16 the 
average value of A,+-A, is between 78.2 
and 79.2 compared with the known total 
A = 82. This indicates that on the average 
about three nucleons are lost in the 
reaction. The mass distribution of the 
fission products is uniform from A ~ 35 
to A = 55. 

Additional studies of the energy distri- 
butions of the secondary particles also 
confirmed that fission had taken place. 
The correlation between 4, and the angle 
of emission of the second particle showed 
that several nucleons are evaporated 
during the reaction, but it was not 
possible to distinguish between nucleons 
emitted before or after the fission process. 

This experiment gives the first definite 
evidence for fission in this mass region 
and provides a way of studying the 
fission dynamics of highly excited nuclei 
with large angular momenta. o 


Suspicious husbands 


by John Krebs 


On evolutionary grounds we would 
expect husbands to be suspicious. If a 
male is about to spend considerable 
time and effort in helping his mate to 
rear young he ought (in evolutionary 
terms) to check carefully that the 
young carry his genes. Male lions and 
langurs may even go to the extreme of 
killing off all the extant babies when 
they first take over a new harem: this 
ensures that the females will only rear 
children of the new group leader. The 
female herself, being equally related 
to her offspring regardless of the 
father, is not necessarily averse to 
infidelity. 

While one can easily amuse oneself 
by developing such arguments as the 
logical outcome of the rules of natural 
selection (and perhaps even speculate 
on human analogies) it is not often 
that one comes across an experimental 
test! However, Erickson and Zenone 
(Science, 192, 1353-54; 1976) have 
recently shown that male ring doves 
behave exactly as predicted by the 
theory. 

The male ring dove shares with his 
mate the parental duties of nest build- 
ing, incubation, and feeding the young, 
and so should be suspicious of a female 
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which might have been inseminated by 
another male. The basis of Erickson 
and Zenone’s experiment was the well 
established observation that male court- 
ship displays have an important effect 
in stimulating ovarian activity. After 
a certain amount of courtship from a 
male, the female ring dove secretes 
ovarian steroids which cause her to 
start the so-called nest soliciting dis- 
play, indicating her readiness to build 
a nest. Erickson and Zenone tested the 
reaction of 35 males to two groups of 
females: one that had been pre-exposed 
to courting males and brought into 
nesting condition, and one that had 
been kept in isolation. The first group 
of females immediately started nest 
soliciting when brought into contact 
with the test males, while the others did 
not. The reaction of the males was 
clear: they showed more aggression 
and less courtship towards the ‘sexed 
up’ females. Thus, as the theory pre- 
dicts, males were suspicious of females 
that gave away the fact that they had 
been consorting with other males, and 
could have been fertilised by them. 


Haemopoiesis 
discussed 


from J. J. T Owen 


A symposium on Haemopoiesis 
in Vertebrate Embryos was held 
at the Institut d’Embryologie, 
Nogent-sur-Marne, France, on 
June 14-16. It was sponsored by 
the Delegation Generale à la 


Recherche Scientifique et Tech- 


nique, Centre National de la 
Recherche Scientifique and the 
International Society of Develop- 
mental Biologists. 


Many meetings these days seem to 
concentrate on highly specialist topics; 
perhaps it may be said that we learn 
more and more about less and less. 
This meeting was different and the 
organising committee should be con- 
gratulated on getting together scientists 
from various disciplines including ern- 
bryology, immunology and haema- 
tology. 

E. Cooper (Los Angeles) opened the 
meeting with an account of the evolu- 
tion of blood cells and pointed out that 
the most primitive blood cell, a proto- 
haemocyte, was involved in phago- 
cytosis and nutrition. A lively debate 
followed about the origins of haemo- 
poietic stem cells during ontogeny—an 
important topic that has generated af 
good deal of heat since the days o” 
Maximow In particular, the origins / 
thymus lymphocytes attracted spy . 
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interest—do they arise from the 
thymic rudiment itself or from blood- 
borne stem cells? E. P. Volpe (Tulane 
University) and N. Cohen (Basel) 
argued that experiments in which tissue 
primordia were transplanted between 
frog embryos of different ploidy states, 
proved that thymus lymphocytes are 
derived by differentiation of cells in- 
trinsic to the thymic rudiment itself. 
Furthermore, Volpe suggested that a 
similar situation may exist in birds and 
mammals. But the elegant transplanta- 
tion experiments of N. Le Douarin and 
her colleagues (Nogent-sur-Marne), 
using the structural differences between 
quail and chick nuclei as markers, 
demonstrate clearly that lymphocytes 
of the thymus and the bursa of 
Fabricius are derived from blood-borne 
stem cells. In addition, P. Deparis and 
A. Jaylet (Toulouse) and J. Charle- 
magne (Paris) presented evidence that 
thymus lymphocytes of newts and 
salamanders are of blood-borne origin. 
Hence, either there are fundamental 
differences in the pattern of lympho- 
poiesis among amphibia or, perhaps 
more likely, there is a common phylo- 
genetic pattern involving migration of 
blood-borne stem cells to organs such 
as thymus. Volpe’s results are com- 
patible with the latter notion if stem 
cell migration occurs early in ontogeny 
and is restricted in time, as demon-, 
strated by Le Douarin. 

The source of blood-borne stem 
cells was also debated. It has been 
suggested that all haemopoietic stem 
cells are derived from yolk sac (Moore 
and (Metcalfe, Br. J. Haematol. 18, 279; 
1970). F. Dieterlen-Lievre (Nogent- 
sur-Marne), however, demonstrated 
convincingly for the first time that 
definitive erythropoietic stem cells are 
derived from other sources. Yolk sac 
cells can populate the thymus, but they 
probably require a previous sojourn in 
the bone marrow (O. Stutman, New 
York). 

The remarkable sequence of cellular : 
and biochemical events which occurs 
during embryonic erythropoiesis— 
changing erythroid cell populations, 
changing haemoglobins and changing 
sites of erythropoiesis—was examined 
by several workers. J. Samarut er al. 
(Lyon) demonstrated the existence of 
separate erythroid stem cells specific 
for foetal and adult ‘erythropoiesis 
respectively. Thus the situation ¢on- 
trasts with the synthesis of various 
immunoglobulin classes in B lympho- 
cytes, which probably occurs in a single 
cell line (see Cooper below). J. Godet 
et al. (Lyon) identified membrane anti- 
gens specific for embryo and adult 
erythryocytes and A. Fantoni (Rome) 
showed that erythroid cells undergoing 
terminal differentiation in the 10-14-d 
mouse embryo synthesise haemoglobin 
by translating preformed long-lived 


messengers and that ageing leads to 
messengers which are unsuitable for 
terminating translation, thus resulting 
in reduced haemoglobin synthesis. The 
role of long-lived messengers in ery- 
thropoiesis leads one to wonder 
whether they may not operate in 
lymphopoiesis—perhaps explaining how 
a single lymphocyte can express two 
immunoglobulin classes at the same 
time. R. A. Rifkind (New York) dis- 
cussed the regulation of foetal erythro- 
poiesis. While erythropoietin serves as 
a cell-specific growth regulator (? at a 
proerythroblast stage), the rate of 
terminal differentiation is controlled at 
a more distal step along the erythroid 
pathway. In addition, changes in the 
composition of erythroid chromatin 
proteins probably have an important 
regulatory role (V. M. Ingram, Massa- 
chussetts Institute of Technology). R. 
Jacquot (Reims) and O. Gallien- 
Lartigue (Orsay) described new 
observations on the effects of gluco- 
corticoids on foetal erythropoiesis. 

The ontogeny of the immune 
response with its important implica- 
tions for the generation of diversity of 
responsiveness was discussed next. L. 
Du Pasquier (Basel) pointed out that a 
broad range of antibody diversity 
appears early in amphibian develop- 
ment when the animals possess a small 
number of lymphocytes. This interest- 
ing observation is somewhat surprising 
in view of the restricted responsiveness 
of individual lymphocytes to antigen 
as envisaged by clonal selection and 
established by experiment. M. Cooper 
(University of Alabama, Birmingham) 
and P. Kincade (New York) showed 
that heterogeneity of responsiveness in 
terms of specificity and class of anti- 
body is generated in the avian bursa 
of Fabricius from day 12 of incubation. 
Evidence that various immunoglobulin 
classes are generated within a single 
cell line by a preprogrammed switch 
mechanism in the bursa is convincing. 
On the basis of antigen binding studies, 
Cooper also suggested that specific 
clones of antigen-binding cells develop 
in a fixed sequential pattern which is 
not influenced by exogenous antigen. 
He interpreted this data as favouring a 
model in which individual stem cells 
give rise to multiple clones.of B lym- 
phocytes by a predetermined pattern of 
sequential expression of V-region genes. 
P. Toivanen (Turku, Finland) also 
pointed to the importance of the bursa 
which he showed was an important 
source of cells able to reconstitute 
immunodeficient chicks. 

The importance of a circulating 
thymic factor (TF) in T-cell differen- 
tiation was discussed by J. F. Bach 
(Paris). This factor has been shown to 
possess several biological activities in- 
cluding restoration of suppressor and 
cytotoxic T-function in thymus- 
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deprived mice. Its effect may be 
mediated by prostaglandins as well as 
cyclic AMP (M. A. Bach, Paris). TF 
seems to be one of the most function- 
ally active factors of the various puta- 
tive thymic hormones that have -been 
described and so its further study is of 
considerable interest; however, the 
target cell for the action of these 
factors is as yet unclear and F. Loor 
(Basel) described studies with nude 
mice which suggested that T-cell 
differentiation begins at a prethymic 
level. Le Douarin et al., however, pre- 
sented evidence that stem cells which 
have already settled in the bursa can 
migrate to and differentiate in the 
thymus. Does this mean that stem cells 
which would have become B lym- 
phocytes can instead become T cells if 
they are in the thymic microenviron- 
ment? Whatever the answer to these 
problems it is likely that various 
differentiation pathways are involved in 
the generation of T-cell subsets which 
were described in the thymus by M. 
Papiernik (Paris) and in the periphery 
by P. Häyry (Helsinki). Moreover, to 
obtain full functional maturation as 
described by R. Auerbach (University 
of Wisconsin, Madison), it seems likely 
that cell proliferation will be a crucial 
step as has been found in erythroid 
maturation by Rifkind. 

In summary, the meeting was im- 
portant in defining somewhat neglected 
areas for future study. In particular, 
most participants found the inter- 
disciplinary approach of considerable 
value. o 


A hundred years ago 


Mr. Cross on Monday received a very 
numerous deputation from the British 
Medical Association, who laid before 
him their views with regard to the 
Vıvisection Bill now before Parliament. 
These opinions were conveyed by Mr. 
Ernest Hart, Mr John Simon, Dr 


Wilks, senior physician of Guy’s Hos- 


pital, and Sir W. Jenner, who raised his 
voice against a measure which would 
place men of science under police 
supervision, and would lay a ban upon 
them for inflicting cruelties on the 
lower animals when ten thousand times 
greater cruelties were inflicted by those 
who were gomg to pass this Bill. Such 
conduct would make those who passed 
1t objects of scorn to all the scientific 
men in Europe. The Home Secretary, 
in reply, pointed out that the Bill was 
framed practically, in accordance with 
the views of the Royal Commission, 
and that whether the Bill passed now 
depended entirely upon the line of con- 
duct pursued by the medical profession. 
from Nature, 14, July 13, 241; 1876. 
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A giant radio source with an unusual Z-shaped structure 
extending over nearly one degree on the sky has been 
detected around the nearby elliptical galaxy NGC315. 
The source has structure aligned with the minor axis of 
the optical galaxy on linear scales ranging from a few 
tens of kpc to ~ 1.7 Mpc. There is also a bright compact 
(<48 pc) source with an opaque radio spectrum located 
in the galactic nucleus. The physical properties of the 
extended emission are compared with those of the other 
three well studied giant radio galaxies—DA240, 3C236 
and Centaurus A. The configurations of the giant systems 
with respect to their parent galaxies suggest that they are 
not produced by a gravitational slingshot process. The 
unusual morphology of the source is readily explained 
in terms of. the rotating-beam model of Henriksen and 
Bridle. 








WE report new radio observations of the bright (mp: = 
12.5 mag) elliptical galaxy NGC315 which reveal emission 
close to the minor axis of the galaxy over nearly 1° on the 
sky. This evidence suggests that it is a giant radio source 
some 1.7 Mpc in extent, at a distance of 100 Mpc. Only 
3C236 has a linear size substantially larger than this. 

Radio emission from NGC315 was first detected by 
Davis' ın a 1.4-GHz survey where it was catalogued as 
DW0055+ 30. In the BDFL catalogue? of intense sources at 
1.4GHz it was included in the set of “confused fields”, 
which have high probabilities of being multiple sources of 
large angular extent Recently, Fanti et al? have presented 
a detailed study of the central radio source. We have 
mapped approximately one square degree around NGC315 
at high sensitivity using the resurfaced Arecibo reflector at 
2.38, 1.41 and 043 GHz and the Westerbork synthesis 
telescope at 0.61 GHz The results confirm that NGC315 is 
associated with emission features at least 30’ and probably 
1° in extent. High resolution maps of the central region 
have also been made with the NRAO 4-element interfero- 
meter at 2.7 and 8.1 GHz. 


Radio structure of the source 

Figure 1 shows contours of the emission around NGC315 
observed at Arecibo with the system parameters listed in 
Table 1. The central source coincides with the visible galaxy 
and is joined by a bridge of emission to the peak of an 
extended feature ~16 to the north-west in position angle 
—48°. The central source, the bridge and this north- 
preceding extended feature comprise the confused region 


Fig. 1 Contours of the emission around NGC315 observed at 
Arecibo at three frequencies. a, 2.38 GHz, contours at 12.5, 25, 
50, 100, 200, 400 and 800 mJy per beam. b, 1.41 GHz, con- 
tours at 50, 100, 200, 400, 800 mJy per beam c, 0.43 GHz, 
contours at 125, 250, 500, 1,000, 2,000 mJy per beam. The dashed 
lines delimit the mapped regions and the half-power beamwidths 
are shown as the circles in the lower right corner of each map. 
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Table 1 Arecibo system parameters 
System 
Frequency Beamwidth temperature Bandwidth 
(GHz) (arc min) ) (MHz) 
2.38 3.0 42 20 
1.41 4.0 120 10 
0.43 10.0 120 2 





noted by BDFL. The continuity of the radio emission from 
the galaxy to the extended feature leaves little doubt that 
all of this emission is related to NGC315. The 2.38-GHz map 
also clearly shows a spur of emission extending for >15’ 
SE of NGC315 towards the peak of a second emission 
feature located at 35’ from the galaxy in position angle 
122°. This ‘spur’ is also visible, though less well defined, 
on the 1.4-GHz map; its alignment with the south-following 
feature suggests that the entire emission complex is 
associated with NGC315. 

It is unlikely that the region is confused by foreground 
galactic features since the galactic latitude of the source is 
—32°. The probability of finding two unrelated extended 
features of this intensity aligned with ‘bridge’ and ‘spur’ 
protruding in nearly opposite directions from NGC315 is 
also very small. Inspection of the Palomar sky survey prints 
of the field shows that no other galaxies of brightness 
comparable to NGC315 are located within the extended 
radio features. The 14.1-mag galaxy NGC311 at 00h 54 min 
49.6s, +30° 00’ 35” (L. L. Dressel and J. J. Condon, un- 
published) lies near the weak emission ~6 from NGC315 in 
position angle ~220°, so this emission may not be related 
to NGC315. With this exception it is very probable that the 
entire extended structure shown in Fig. 1 is a single radio 
galaxy of exceptional angular extent. 

The Westerbork telescope works at a frequency of 
0.61 GHz, a synthesised beamwidth of 1’X2’, a system 
temperature of 350K, a bandwidth of 4 MHz, a shortest 
baseline of 54 m, with increments of 72 m up to 1,422 m and 
an average HA of cuts of —76°, —35°, —1°, +37° and 
+77°. Observations consist of 12-min measurements made 
at five different hour angles. The resulting synthesised beam 
has radial grating responses which have been removed from 
the map by the usual CLEAN‘ procedure. The map in Fig. 2 
shows a strong unresolved central component with a near-in 
extension of 2’ directed north-west and a longer but less 
intense counter component pointing south-east. Further to 
the south-east (near 00 h 56 min, +29° 58’) a small feature 
appears which is also well aligned with the major axis of the 
extended central emission. A ridge in the north-preceding 
component running nearly transverse to the source major 
axis is apparent. The south-following component, though 
heavily resolved, becomes clearly visible when the data are 
convolved to a 2’xX4’ beam. Considering their different 
resolution and sensitivity, the Westerbork and Arecibo maps 
are in excellent agreement. 

Figure 3 shows structure on a scale of ~90” detected at 
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Fig. 2 Contours of the 0.61-GHz emission around NGC315 

observed at Westerbork with 1’ (a) x 2’ (5) resolution. Contours 

at 25, 50, 75, 100, 150, 200, 300, 400, 500, 750 and 1,000 mJy per 

beam. The insert, displaced in declination only and with the same 

contour values, shows the south-eastern lobe when convolved 

to a resolution of 2’ (a) x 4’ (8). The maps have not been cor- 
rected for attenuation by the 1.4° primary beam. 


2.7 GHz near the unresolved nuclear source, which has 
been subtracted from this map for clarity. This structure is 
elongated along the position angle 133+3°, and is ten 
times brighter north-preceding the nucleus of NGC315 than 
on the south-following side at this resolution. In spite of the 
change in frequency, the structure seems similar to that 
shown in the 1.4-GHz map*. The emission, whose linear 
scale is ~50 kpc, comparable with that of some ordinary 
radio galaxies, comprises the most intense parts of the 
bridge and spur detected in the measurements at Arecibo 
and Westerbork. It also lies within NGC315, which has a 
diameter of 65 kpc and whose projected minor axis of 
132+4° is close to that of the radio axis from ~50 kpc to 
1.7 Mpc. 


Comparison with other giant radio galaxies 
Table 2 summarises the physical parameters of NGC315 
using z=0.0167 (ref. 5) with the Hubble constant taken as 
50 kms" Mpc”. The separation of the components places 
this radio source in the class of giant radio galaxies such 
as DA240, 3C236 and Centaurus A. Physical parameters‘ 
for these other sources are also given in Table 2. 

As in the other giant sources, NGC315 contains a 
compact radio component located within the visible galaxy. 
An unresolved (<0.1”) source with an opaque spectrum 





Table 2 Parameters of extended components of giant sources 





DA240 3C236 Cen A 

North-preceding South-following Average Average Average 
a(1950.0) 00 h 54 minl1+1s 00 h57 min21+1s — — = 
(1950.0) 30° 15°30” +1’ 29° 46’ 10” +1 — — sE 
Flux density (2.38 GHz) 0.55 0.45 
Projected distance from galaxy (kpc) 450 980 600 2,700 400 
Volume (kpc?) 1.3 x 108 2.2 x 10° 2.7 x 108 1.3 x 10° 9.9 x 107 
Spectral index a —0.52 —0.53 —0.77 —0.60 —0.6 
Luminosity (W) 10 MHz-10 GHz 6.4 x 1033 5.2 x 1033 1.3 x 105 4x 10% 8 x 10%4 
Minimum internal energy (J)* 6.0 x 108° 6.7 x 105° 1.4 x 105? 5.4 x 1052 9 x 105 
Equipartition magnetic field* (gauss) 1.3 x 10-6 1.1 x 10-5 1.5 x 1078 1.2x 1075 1.0x 1078 





*Assuming equal energies in protons and electrons, and that the source volume is uniformly filled. 
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coincides with the nucleus.of NGC315 to within the ~3” 
uncertainty in the optical position (ref. 3, and L. L. Dressel 
and J. J. Condon, unpublished). 

The physical parameters of this nuclear source are given 
in Table 3. We can compare the 2.7-GHz and 8 1-GHz flux 
densities of the nuclear source with the values tabulated in 
ref. 3. This shows that the spectrum flattens out between 
5 GHz and 8.1 GHz, if the source has not varied. 

As in the other giant radio galaxies, the outer components 
of NGC315 are substantially extended transverse to their 
axis of separation from the optical galaxy. The NRAO 
interferometer observations show that neither peak in the 
outer components contains structure <5” in extent stronger 
than 20 mJy at 2.7 GHz, and the Westerbork observations 
show there are no features <1’ stronger than 60 mJy at 
0.61 GHz in the south-following component. The faint 
extensions of the outer components show an unusual 
symmetry with respect to the galaxy. The more distant, 


south-following component subtends the same angle (~40°) : 


at the galaxy as does the closer, north-preceding component. 
The outer isophotes of both components are extended 
almost at right angles to the line joining their peaks, but in 
opposite directions. As the emission bridge and spur point 
towards these peaks, the overall form of the structure is 
best described as a Z shape.whose extremities are equal arcs 
centred on the galaxy. 

The extended features of the source seem to have a 
spectral index a=—0.5+0.2 with little variation across the 
entire source except for the nuclear component. There is 
some indication from the 0.43-GHz map that the north- 
wards extension of the south-following component may have 
a steeper spectrum than the rest of the source, but the 
present data do not allow us to place firm constraints on 
spectral index variations with size scales < 5’. 


Discussion 


As in the giant system 3C236 (refs 6, 7 and 8) the radio 
emission is elongated along the projected minor.axis of the 
optical galaxy both far from NGC315 and near its nucleus. 
This is at variance with the gravitational ‘slingshot’ model of 
source formation® unless we make the unconventional 


Fig. 3 Contours of the 2.7-GHz emission near the nucleus of 
NGC315 observed with the NRAO interferometer, after sub- 
traction of the bright nuclear component (see Table 3) at the 
position marked by the cross The contour interval is 12 mJy/ 
beam. The ellipse in the lower right corner indicates the half- 
power beamwidths, which are 11 4” x 49” with the major axis 
along position angle 138°. The dotted ellipse indicates the 
extent of the visible galaxy on the E print of the Palomar Sky 
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Table 3 NGC315—parameters of nuclear source 





a(1950 0) 00 h 55 mm 05.64+0.02 s 
8(1950.0) 30°04’ 56.8+0.2” 

S27 0.51 4-0.01 Jy 

Ss1 0.64+0.02 Jy 

Diameter < 48 pc 

Luminosity 10 MHz-10 GHz 7x 1033 W 

Minimum internal energy* 1.5x 104° J 


Equipartition magnetic field* > 10~ gauss 





*With assumptions as in Table 2. 


assumption that NGC315 and 3C236 are both prolate 
rotators, so that their minor axis lies in their rotational 
equators Even then the observed alignments of their inner 
and outer radio structure would be statistically implausible. 
As the rotation axis of the giant source Cen A is known to 
lie near the overall elongation of both its large and small 


.scale radio structure”, the orientations of giant radio 


sources relative to their galaxies seem generally to conflict 
with a slingshot model for their origin. This contrasts with 
the orientations of double radio galaxies of ‘normal’ 
dimensions, which show no strong preference for galactic 
minor axes"??, 

The unusual Z-like configuration and rotational symmetry 
of the outer components with respect to NGC315 suggest 
that the development of a classical ‘double’ structure has 
been modified either by a mechanism acting on the com- 
ponents outside the galaxy or by a perturbation of the 
primary collimation mechanism producing the double 
structure. The source morphology could, for example, be 
produced by diffusion of particles and fields governed by 
asymmetries in the environments of the components such 
that material near the peak of the northern component can 
diffuse more readily towards the south, and vice versa. The 
fact that both components subtend the same angle at 
NGC315 would, however, require a specially contrived slab- 
like symmetry in the environment, extending over nearly 
2 Mpc near the galaxy. Unless we regard the symmetrical 
appearance of the source as fortuitous, it is more attractive 
to consider an interpretation in which the primary source- 
collimating mechanism appears to have rotated on the sky 
during the lifetime of the radiating particles. 

Such a rotation is implicit in the model of extended 
sources recently advanced by Henriksen and Bridle (to be 
published), in which relativistic particles are beamed from 
radio galaxies into double-source components along 
magnetic flux ropes which are rigidly coupled to the 
rotation of the central regions of the galaxies. In their 
model, the outer source components are produced where the 
tigidity of the rotating beams fails because their rotational 
velocity approaches that of light. The Z-shaped morphology 
of the NGC315 source can be understood on the Henriksen- 
Bridle model if the relativistic beams make an angle of 
~20° with the rotation axis of the central region of 
NGC315, and the rotation rate of this region and thus of 
the beams is ~10-'s~*. The outer extensions of the source 
components would then be explained as trails of particles 
and magnetic field left behind around the orbits of the 
beam ends over ~10’ yr. As ejection of the beams near the 
galactic rotation axes favours the formation of giant sources, 
the orientational correlation observed for radio galaxies of 
different linear sizes is also consistent with this model. 
A detailed discussion of NGC315 in relation to the rotating- 
beam model will be given elsewhere (Henriksen and Bridle, 
in preparation). 

It should be noted that this giant source has been recog- 
nised by the same observational procedure as were DA240 
and 3C236, namely sensitive mapping of a confused field 
from the BDFL catalogue at resolutions of the order of a 
few arc min. As the BDFL confused fields are an essentially 
complete sample of such regions at 1.4 GHz, it is unlikely 
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that radio galaxies of large angular size comprise > 5% 
of extragalactic sources stronger than 2 Jy at 1.4 GHz, 
and possibly comprise substantially less than this. Although 
they are valuable testing grounds for theories of radio 
galaxies, the giant systems probably do not represent a 
numerically important source population that is absent 
from catalogues such as that of BDFL. 
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Repeated sequence specific to human males 
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Restriction enzyme analysis and nucleic acid hybridisa- 
tion show that there is a repeated sequence in human 
male DNA which is not present in human female DNA. 
This sequence is shown to constitute about 50% of the 
DNA ın the Y chromosome and is a simple tandemly 
repeated DNA. 


Tune contribution of DNA sequence organisation to chromo- 
some structure and function has been the subject of much 
speculation’, but there is still very little concrete evidence 
to relate to the theories As a starting point, it is useful to 
know the location of specific sequences within the chromo- 
somes. The technique of im situ or cytological hybridisation 
has been applied successfully to repetitive sequences such 
as satellite DNA, ribosomal DNA, 5S DNA and other 
sequences of this type". The method is especially powerful 
when applied to polytene chromosomes where even single 
copy genes can be located One limitation of the method 1s 
that it is designed to locate sequences which can be puri- 
fied as either RNA or DNA. Different methods are needed 
if the aim is to analyse the composition of a particular 
chromosome. For this it would seem necessary to isolate 
the chromosome It is difficult to purify individual chromo- 
somes at present, but they can in many cases be separated 
from the rest of the complement by the formation of 
heterokaryons’. Comparative methods can then be used to 
analyse the sequences on the odd chromosome. 

A comparable situation exists when one sex has a hetero- 
gametic sex chromosome In principle this chromosome can 
be studied by comparison of male and female. The experi- 
ments reported here use this approach to study the DNA 
of the human Y chromosome 


Repeated sequence specific to the Y chromosome 
When human DNA 1s digested with a number of restriction 
enzymes and the products analysed by electrophoresis on 
Agarose gels, two enzymes, EcoRI and Haelll"’, produce 
prominent bands. The sizes of the EcoRI bands are 320 and 
640 base pairs” The band pattern with HaelII is more com- 
plicated, with at least fifteen bands between 100 and 2,000 
base pairs (Fig. 1). A comparison of male and female human 
DNAs after digestion with HaellI showed that there are 
two bands which are found only in DNA from males. As a 
check DNAs from 12 individual placentae were sexed by 
restriction in a blind test. The correct sex was predicted 





from electrophoresis of HaelII digests of the DNA in all 
12 cases. 

The fraction of the total DNA in the male specific bands 
was estimated by adding known amounts of linear SV40 
DNA to total human DNA which had been digested with 
Haelll (EcoRI digestion of SV40 closed circular DNA was 
used to produce linear SV40 DNA molecules"). The areas 
in the male specific bands and in the SV40 bands were com- 
pared by microdensitometry of photographs of ethidium 
bromide fluorescence”. The peak area of the SV40 band 
was proportional to the amount of this DNA added to the 
total human DNA. By this method the larger male specific 
band was estimated to be 04+0.1% (ten measurements) of 
the total DNA in both a placental male DNA and DNA 
from a male derived neuroblastoma cell line. In an identical 
experiment DNA from a lymphoid XYY line was found to 
have a large male specific band which was 0.7540.1% (five 
measurements) of the total DNA. 

The smaller of the male specific bands is more difficult 
to quantify because of the higher background of other 
DNA sequences at this molecular weight, it constitutes 
about 0.2% and 0.4% of the total DNA respectively. The 
lymphoid XYY cell line used here has a karyotype which is 
near normal apart from the presence of two large chromo- 
somes which fluoresce brightly’ when stained with quina- 
crine Doubling the number of Y chromosomes doubles the 
proportion of the total DNA present in both the large and 
the small male specific bands, and this strongly implies that 
the sequence is present on the Y chromosome itself. 

Differences have been found in the amount of Y chromo- 
some fluorescence but no significant differences in the 
amount of the male specific bands could be detected between 
male DNA samples from six different placentae and four 
cell lines The method is, however, not sensitive enough to 
detect small differences. 

Fragment lengths were measured by gel electrophoresis 
on slab gels with marker DNAs in adjacent slots A.cDNA 
restricted with EcoRI was used as a standard for the larger 
bands’? and EcoRII digested mouse satellite DNA for the 
smaller bands“ Band sizes are given in Fig. 1. The larger 
of the male specific bands is not separable from the smallest 
A.EcoRI band when the two DNAs are analysed on the same 
gel slot Its molecular weight is 2.24 x 10°, the smaller of the 
male specific bands has a molecular weight of 1.6X 10°. 

The human diploid nucleus contains 3.510” daltons of 
DNA”. From these values, from the fraction of the DNA 
present in each of the two male specific bands and from 
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Fig. 1 DNAs restricted with different restriction enzymes after 
electrophoresis on a 2.5% Agarose slab gel. The gel was made up 
and run in 15mM Tris, I§8mM NaH,PO,, 0.5 mM EDTA 
(pH 7.8) with a voltage gradient of 7 V cm ™ for 4h. a, 0.2 micro- 
grammes of }.cDNA digested to completion with EcoRI in 
10 mM NaCl, 10 mM MgCl, 10 mM 2-mercaptoethanol; the DNA 
was heated to 70 °C for 10 min after digestion to melt the sticky 
ends of the phage DNA. b, 10 ug of DNA from GIL cultured 
cells (this is a lymphoid cell line with two Y chromosomes— 
a gift from M. Steel). This DNA was digested to completion with 
Haelll in the buffer as in a. c, 10 ug of DNA from a male placenta 
digested with Haelll as in b. d, 10 ug of DNA from a female 
placenta digested as in b and c. e, 0.01 ug of mouse satellite DNA 
partially digested with EndoR EcoRII; the mouse satellite bands 
in this track were too faint to reproduce and so their positions 
were blocked in for this photograph. f, a trace of the pattern 
shown in slot b and reproduced at the same scale; the male 
specific bands are indicated by arrows and sizes in daltons of the 
principal bands given in the right hand column. O, origin of 
electrophoresis; E unresolved DNA. 


their repeat length the number of copies of the sequences 
can be calculated as 6.2X10° for the large band, and 
4.4 10° for the smaller band. 

Restriction of fractions from a Ag-Cs:SO; gradient fol- 
lowed by gel electrophoresis showed a considerable enrich- 
ment for the larger of the male specific bands on the light 
side of the main band DNA (Fig. 2). The smaller of the 
bands was not enriched in these fractions showing that the 
two bands arise from different repeated sequences. This is 
the region of the gradients which would be expected to 
contain human satellites IHT and IV”. 


Other restriction enzymes 

Fractions from Ag—Cs,SO, gradients which were enriched 
for the large male specific band were recycled on identical 
gradients to give further purification. This DNA was 
digested with a number of restriction endonucleases to 
attempt to map restriction sites within the Haelll repeat 
length. Seven other restriction enzymes were available, 
EcoRI, EcoRI, Hael, Haell, Hindili, Hpall and Baml"; 
of these only EcoRI gave a distinct band. This had the 
same mobility as the larger Haelll band, but had about one 
third the intensity. Double digestions with Haelll and the 
enzymes listed above confirmed that the Haelll repeat did 
not contain any of these restriction sites at a frequency 
high enough to give visible bands. The result with EcoRI 
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suggests, however, that a subset of the repeated sequence 
contains EcoRI sites at the same spacing as the HaellII sites. 
At present it is not possible to say whether the two sites 
are on the same or separate molecules. 

The resistance of this DNA fraction to such a wide range 
of restriction enzymes is to be expected since it is shown 
by sequence analysis described below to consist of a short 
repeat. 


Isolation 

As the 2.24 x 10°-dalton fragment is not cleaved by a large 
number of restriction endonucleases, restriction with these 
enzymes can be used to remove most other sequences from 
the fragment partially purified by sizing. Human male DNA 
digested by Haelll was fractionated on a preparative gel 
electrophoresis apparatus (E. M. Southern, unpublished) and 
the DNA in the size class from 2 to 2.5 X 10° daltons taken, 
purified by CsCl centrifugation and concentrated. This 
DNA was then digested with HindIIl, Baml and EcoRII 
and fractionated on an Agarose slab gel. The male specific 
band was 70 to 80% pure as judged by microdensitometry 
of the gel photographs. The band was cut from the gel and 
the DNA recovered on to hydroxyapatite’. Male specific 
DNA was isolated in this way rather than by Ag—Cs.SO, 
centrifugation because larger quantities of DNA could be 
used; the method is also faster and less expensive than 
centrifugation in Cs,SQ,. 


Homology with other sequences 


in male and female human DNA 


It is clearly of interest to see whether the large male specific 
band ,has any sequence homology with other fractions both 
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Fig. 2 Preparative Ag**-—CsSO, centrifugation of human male 
DNA from placenta was carried out essentially as in ref, 21. 
Human male DNA was dialysed exhaustively against 0.1 M 
Na,SO,, Gradients were made upin 5mM Na,B,O,;(pH 9.3),0.1M 
Na,SO,, the silver to DNA phosphate ratio was adjusted to 0.2 
and the final density of the solution to 1.48 g ml *. Centrifugation 
was carried out in a MSE 8 x40 rotor at 32,000 r.p.m. for 4 d. 
The gradients were fractioned with a float from the top and 
groups of four fractions were pooled, dialysed against 4 M NaCl 
and the DNA concentrated by pelleting at 30,000 r.p.m. in a 
MSE 10x10 rotor overnight. Each set of pooled fractions was 
then restricted with Haelll and the products analysed by Agarose 
gel electrophoresis. The pattern in each slot was traced on a 
Joyce-Loebl recording microdensitometer and the percentage 
of the total area under the curve present in the male specific band 
calculated for each fraction: A, absorbance at 260 nm; $. percen- 
tage of total DNA present in the male specific band. 
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Fig. 3 Hybridisation of cRNA from the male specific band to 
male and female DNA. 80 ug of human male and female DNAs 
were digested to completion with HaelIll then the fragments 
fractionated by electrophoresis on 0.8% Agarose tube gels, 1.0 cm 
diameter x 25 cm with a voltage gradient of | V cm™~ for 6 h. 
After electrophoresis the gel was photographed and the DNA 
fragments transferred to membrane filters as in ref. 20. Male and 
female DNAs were transferred simultaneously to one sheet of 
Millipore filter and this sheet of filter immersed for 18 h at 60 °C 
in a small volume (about 5-10 ml) of 2 x SSC containing 0.01 
microgrammes of **P-labelled cRNA with a specific activity of 
210° d.p.m. pg. After hybridisation and washing the filter 
was dried and autoradiographed. a, Gel containing female DNA 
before transfer to filter; b, gel containing male DNA before 
transfer to filter; c, negative of autoradiograph of hybridisation 
to female DNA; d, negative of autoradiograph of hybridisation 
to male DNA; e, microdensitometer trace of autoradiographs 
in c and d. a, b, c, d, and e are all reproduced on the same scale. 


in male and female DNA. If, as has been suggested, tan- 
demly-repeated sequences are involved in the meiotic pairing 
of chromosomes" it would seem unlikely that sequences 
related to the Y specific sequence will be found elsewhere. 

Absence of an homologous band in the restriction pattern 
is not sufficient to rule out the possibility that female DNA 
contains a similar sequence. First, the method would not 
detect less than 1,000 copies and second, bearing in mind 
what is known about the evolution of repeated 
sequences’™ “°, it is possible for related sequences to give 
completely different restriction patterns. A more sensitive 
and general test for sequence homology is given by molecu- 
lar hybridisation and this method is especially convincing 
when applied to restriction fragments separated by gel 
electrophoresis’. 

An RNA copy of the 2.2 10°-dalton fragment labelled 
with ’P was synthesised using E. coli RNA polymerase. As 
judged by microdensitometry this fragment was 70% pure. 
Haelll fragments of male and female human DNA were 
separated on Agarose gels, denatured and transferred to 
strips of cellulose nitrate filter. The cRNA was then hybrid- 
ised to the DNA bound to the cellulose and the strip was 
autoradiographed using X-ray film. The results of such an 
experiment are shown in Fig. 3. 

As expected, male DNA gives a very intense band of 
hybrid at the position corresponding to 2.210° daltons, 
with weaker bands at positions corresponding to 4.5 and 
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6.7 10° daltons, the predicted sizes for dimer and trimer 
of the 2.2 10° dalton fragment. In addition, there are two 
bands between 2.2 and 4.5 10° daltons, and a number of 
indistinct bands smaller than 2.2Xx 10" daltons. The male 
specific band which can be seen in HaelllI restricted DNA 
at 1.6 10° daltons does not hybridise the cRNA probe used 
here and so is not closely related to the larger male specific 
sequence, in agreement with the behaviour in density 
gradients, 

In contrast, female DNA gives a much weaker and 
different pattern. It shows one weak band at the position of 
DNA which is not cleaved by the restriction enzyme and 
a very faint band at the position of the larger male specific 
sequence. The latter is almost certainly due to sequences 
in the cRNA which originate from this size class of DNA 
and are not removed in purification of the Y specific 
sequence. The hybridisation to undegraded DNA occurs 
in both male and female and could be caused by a cross 
reaction to a related sequence present in both male and 
female DNA which does not contain the restriction site. 

These results suggest that in human male DNA there is 
a complex family of repeated sequences related to the 
2.2x10°-dalton DNA fragment. This complexity most 
probably reflects the structure of the sequences on the Y 
chromosome since they are not present in female DNA. 
The presence of dimers and trimers of the 2.2 x 10°-dalton 
sequence suggests that divergence is taking place in a tan- 
demly-repeated sequence in a similar way to the Mus 
musculus and Apodemus satellites’. 


Fig. 4 Autoradiograph of RNase T, digest of **P labelled CRNA 
complementary to the male specific band. The cRNA was 
synthesised as in ref. 21 using **P-labelled GTP with a specific 
activity of 2 Ci mmol -. Electrophoresis and chromatography was 
carried out as in ref. 21, followed by chromatography on poly- 
ethylene-imine cellulose thin layers. 
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Fingerprint analysis 

Figure 4 shows a ribonuclease T, fingerprint of cRNA 
transcribed from the large male specific band using ”P- 
labelled GTP”. There are a number of intense spots which 
fall mostly in the short sequence region of the fingerprint 
with very small amounts of radioactive oligonucleotides 
present in the position of the longer sequences. The more 
intense spots (numbered in Fig. 4) were cut from the finger- 
print and subjected to sequence analysis by pancreatic ribo- 
nuclease digestion. Table 1 gives the sequences of the spots 
from the ribonuclease T, fingerprint and the percentage 
of total counts in the excised spots for each sequence. 
Sixty-seven per cent of the total activity counted was in 
three sequences, AG, UG, and A: UGG; many of the 
sequences present in smaller amount could be accounted for 
by base substitution into these sequences. Although it is 
not possible to derive a definitive sequence from this data 
it is clear that the sequence is a simple one which has 
diverged from a repeating oligonucleotide such as 
(AGUGG),. This is the pattern of divergence which has 
been found in a number of satellite DNAs™”, 


Discussion 


The human Y chromosome is about the same size as 
chromosomes 21 and 22, each of which contains about 
0.82% of the absorbence of the diploid karyotype at 257 
nm**. On the assumption that the Y chromosome contains 
a similar proportion of the total DNA the two male specific 
bands described here would account for 70%, of the DNA in 
the Y chromosome. The mammalian Y chromosome has 
been considered to be largely genetically inactive on the 
basis of its heterochromatic appearance™, It must, however, 
have genetic activity since genes on the Y chromosome must 
switch development of the embryonic gonad towards pro- 
duction of a testis’. In addition there seems likely to be a 
gene, or a function of the testis-determining gene, respon- 
sible for production of the H-Y antigen in mammals’. 
These loci must either be pericentric or on the short arm 
of the Y chromosome in man since an isochromosome of 
the long arm of the Y chromosome does not cause testis 
formation”. 

At least some of the repeated sequences described above 
are likely to be on the long arms because of the correlation 
between repeated sequences and heterochromatin’ or 
more simply because it is unlikely that the short arms could 
contain 70% of .he Y chromosome DNA. 

Four human satellite DNAs have been reported present 
on the Y chromosome but they are also found on a fairly 
large group of other chromosomes”. Clearly this is not the 
case for the sequence described here but neither the satellite 
DNAs nor this sequence have been sufficiently well charac- 
terised to rule out the possibility that this sequence is 
related to one or more of the human satellites. The lack of 
hybridisation to female DNA suggests that this sequence is 
not simply one of the satellite DNAs but the behaviour in 
Ag-Cs,SO, density gradients suggests that it is possible that 
satellite I, III and IV could be contaminated with this 
sequence. This might explain some of the in situ hybridisa- 
tion of these satellites to the Y chromosome. 

The conclusion which is inescapable from the in situ 
hybridisation and the experiments reported here is that the 
human Y chromosome must contain very little apart from 
simple sequence DNA. 

The functions of repeated and satellite DNAs remain un- 
known in spite of much work on the structure and organisa- 
tion of this class of DNA sequences. There are two questions 
raised by the data reported here which have obvious sig- 
nificance in terms of repeated sequence function; why is 
there so much repeated sequence DNA on the Y chromo- 
some and why is the sequence described here found only on 
the Y chromosome? One answer to the first question could 
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Table 1 Sequences of spots from ribonuclease T, fingerprints 


Spot no. % Counts Composition Sequence 
| 5.5 G G 
2 33.6 AG AG 
3 2.3 CG CG 
4 5.8 A,G AAG 
5 0.58 ACG ACG 
6 1.32 ACG CAG 
7 0.25 C,G CCG 
8 16.9 UG UG 
9 5:9 AUG AUG 
10 3.0 CUG CUG 
11 16.9 AUG AUG 
12 2.66 CUG or A,G AG 
13 1.9 UG U,G 
14 2.5 UAG UAG 
15 0.87 — — 
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Spots on the fingerprint in Fig. 4 were located by autoradiography, 
cut from the thin layer and counted in toluene base scintillator. After 
counting, the oligonucleotides were eluted, digested with ribonuclease 
A and analysed by electrophoresis as in ref. 21. 


be that since the male-determining genes must segregate 
during spermatogenesis they must be present ọn a chromo- 
some. If these genes are coded by small amounts of DNA 
then perhaps it is necessary to add other DNA to produce 
a chromosome. The repetitive sequences may be such 
genetically neutral DNA. 

A further consequence of the need to ensure that genes 
on the Y chromosome segregate is that no crossing-over 
with other chromosomes can be tolerated™. This require- 
ment could provide the answer to the second question above 
if thg presence of a set of sequences unique to the Y 
chromosome prevented chiasmata formation with other 
chromosomes. The X and Y chromosomes in man have a 
terminal association during diakinesis and first meiotic meta- 
phase™ which involves the short arms of both chromo- 
somes**** but which does not have the normal form of 
synaptenemal complex and at meiosis they form a special 
structure as in most mammals”. The Y specific sequences 
could either be involved in this behaviour or could be a 
result of it. 

The genetic isolation of the Y chromosome might allow 
a unique set of repeated sequences to be produced either 
by saltation” or by sister chromatid exchanges”. The for- 
mation must have been fairly recent since DNA from male 
chimpanzees shows no homologous band in the restriction 
pattern with Haelll (K. W. Jones, personal communica- 
tion). It is of course possible that related sequences without 
the restriction site are present. 

The availability of RNA complementary to a human Y 
specific sequence should allow further study of the evolution 
and distribution of these sequences. Clearly this type of 
study can be extended to repeated sequences of other 
chromosomes by the use of DNA from mouse/human 
somatic cell hybrids which contain only a single human 
chromosome. 

I thank E. M. Southern and P. M. B. Walker for many 
discussions of this work and for criticisms of the manuscrint 
and C. Gosden for her help with the blind test and in 
providing placentae. This work was supported by the MPC 

Note added in proof: A human Y specific sequence has 
been purified by extensive hybridisation of male and female 
DNA (ref. 38). The authors found that there is a repeated 
sequence DNA which constitutes between 2 and 11%, of 
the human Y chromosome. This sequence is most likely to 
be one of the sequences described here. The major differ- 
ence between the results reported in this paper and in ref. 
38 is in the amount of the Y specific sequence. Calculations 
of the amount of sequences by Kunkel er al., are rather in- 
direct and assume that all Y specific repeated sequences 
are recovered at each step of purification. Cumulative 
losses in the purification procedure could thus account for 
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an underestimate of the quality of Y specific repeated 
sequences present in the human genome. 
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Rous sarcoma virus DNA synthesis in disrupted virions is 
initiated mainly at a site about 200 nucleotides or less from 
the 5’ terminus, but other initiation sites throughout the RNA 
seem to be used as well. No AUG triplet occurs within a 5’ 
terminal segment of about 25 nucleotides. 





THe RNA genome of avian oncornaviruses consists of two! 
identical RNA strands, each with a molecular weight of about 
3 x 10° (about 10,000 nucleotides)?"*. During the early stages of 
the infective cycle the viral genome is transcribed into a 
complete double-stranded DNA copy of molecular weight 
6» 10° (ref. 5). When DNA is synthesised in vitro, however, in 
partially disrupted virus particles, the product is short, averaging 
only a few hundred nucleotides (see review by Green and 
Gerard*). Nonetheless, a small percentage of the DNA strands 
can reach a length of 1,500 to 4,500 nucleotides’ or even the 
length of the viral RNA‘. The short size of the bulk of the 
product is believed not to be due to nucleolytic scission of the 
DNA, since short DNA was also synthesised in reconstituted 
systems devoid of detectable nuclease activity™®. A substantial 
fraction of the in vitro DNA product is complementary to a 
small region of the viral RNA':"', although sequences comple- 
mentary to virtually all the viral RNA are present!”*!*, 

Several groups have reported that most or all DNA generated 
in vitro is attached to the 3’ end of a unique species of RNA 
primer!™" (tRNA‘T'® in the case of Rous sarcoma virus RNA 
(ref. 15)) and that only one molecule of this primer is associated 
with each viral RNA subunit'®. It therefore seemed reasonable 
to assume that DNA synthesis started close to the 3’ end of the 
RNA template and that premature chain termination gave rise 
to incomplete DNA strands with the properties described above. 
Recently, however, Taylor and IIlmensee" reported that DNA 
transcription begins very close to the 5’ terminus of the RNA. 
This conclusion raised the question as to how sequences 
complementary to almost all the RNA are synthesised and 
how long DNA strands are generated. 

We have examined the origin and the complexity of the DNA 
synthesised by disrupted Rous sarcoma virus, Prague B strain 
(Pr-B RSY), in the following way. The DNA was annealed with 
Pr-B RSV **P-RNA, and the hybridised RNA was characterised 
by digestion with RNase T, and identification of the resulting 


large oligonucleotides. The location on the viral RNA of the 
regions complementary to the cDNA could be determined from 
the physical map of large T, oligonucleotides of Pr-B RSV RNA 
established in our laboratory!™!®. It was found that the most 
frequent DNA species corresponds to a region which is not more 
than 200 nucleotides in length and includes the 5’ terminus of 
the RNA. Several other non-contiguous regions of the viral 
RNA, notably one located in the middle of the molecule, were 
also represented in varying amounts. These findings suggest 
that the major initiation site is located near the 5S’ terminus but 
that DNA synthesis may also originate at various other positions 
throughout the genome. 


RSV 2P-RNA complementary to RSV cDNA 


DNA synthesised by partially disrupted Pr-B RSV particles in 
the presence of actinomycin D was purified and hybridised to 
Pr-B RSV *2P-RNA. Hybridisations were carried out at two 
concentrations of DNA, the lower one to hybridise preferentially 
the more prevalent DNA species and the higher one to ascertain 
the overall complexity of the DNA. The preparations were 
treated with RNase T, and the RNase-resistant fractions were 
isolated by chromatography on Sephadex G-100. At the lower 
DNA concentration 4.7% of the RNA was hybridised and at 
the higher concentration 13.2%. A control which had been 
annealed to globin cDNA yielded 2.0% of the input radio- 
activity (mainly due to poly(A), see below) in the hybrid 
fraction. The same quantity of *H-labelled 70S Pr-B RSV RNA 
was then added to each sample as an internal standard to 
monitor the recovery of radioactivity throughout the subsequent 
analysis. The mixture was denatured and digested to completion 
with RNase T,, and the products were separated by two- 
dimensional polyacrylamide gel electrophoresis. 

A standard fingerprint pattern of 70S Pr-B RSV RNA is 
shown in Fig. la; the characteristic, large T, oligonucleotides 
which are numbered in the tracing (Fig. la’) have been charac- 
terised, and their relative order on the genome has been 
determined'?*!*, Figure 1b shows the oligonucleotides recovered 
after hybridisation at the lower DNA concentration: only two 
of the characteristic large T, oligonucleotides appeared as 
intense spots, namely T,, and to a lesser extent T,. The identity 
of these oligonucleotides was ascertained from their pancreatic 
RNase digestion products (data not shown). Three further 
spots, T;;, Ts and T,,, were also prominent. These fragments 
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Fig. 1 Two-dimensional polyacrylamide gel electrophoresis of T, digests of Pr-B RSV **P-RNA recovered after hybridisation to different cDNA preparations. Rous 
sarcoma virus, Prague B strain (Pr-B RSV), was grown on chicken fibroblasts (Spafas, C/O, chf~ obtained from R. Friis) as described™, with the following modifications. 
Infected cells were passaged four or five times in Petri dishes and then seeded into Corning tissue culture roller flasks (490 cm?, No. 25130) at a density of 3 x 10” cells 

r flask in 50-100 ml of Dulbecco's’ modified Eagle medium-10°% Tryptone phosphate broth-5% calf serum. The virus was collected every 24h and stored at —70 °C. 

-B **P-RSV was prepares in roller bottles essentially as described'’. Synthesis of Pr-B RSV DNA: Virus from | lof collected medium was concentrated by centrifugation 
for 60 min at 4 °C and 28,000 r.p.m. in the $30 Spinco rotor and suspended in | ml of 100 mM NaCl-50 mM Tris-HCI (pH 7.5)-1 mM EDTA. The concentrated virus 
suspension was incubated with |! of B-mercaptoethanol and 0.3 ml of 1% NP 40 (w/v) for 5 min at 37 °C. The mixture was adjusted to 38 mM Tris-HCl (pH 8.0), 
28 mM NaCl, 4.8 mM MgCl,, 0.09 mM each dATP, dTTP, dCTP, and ?#P-dGTP (specific activity 3 x 10° c.p.m. nmol~?), 24 ug ml? of actinomycin D (final volume, 
2.1 ml) and incubated for 60 min at 37 °C. The preparation was then digested with 0.25 mg ml ~ of Pronase in the presence of 0.5% SDS for 15 min at 37 °C. After phenol 
extraction the combined aqueous phases were adjusted to | % sodium acetate (pH 5) and precipitated with 2.5 vol of ethanol. After 2 h or longer at —20 °C, the precipitate 
was collected by centrifugation, redissolved in 250 ul of 50 mM NaCl-20 mM Tris-HCI (pH 8}-5 mM EDTA-0.1 % sodium dodecylsulphate and chromato; raphed through 
a 0.6 x8 cm column of Sephadex G-100 equilibrated with the same buffer. The excluded material was precipitated with ethanol, the precipitate dissolved in 100 yl of 
0.2 M KOH, and digested for 16 h at 37 °C. The digest was neutralised and chromatographed through a 0.5 x 8 cm column of Sephadex G-100 in 20 mM Tris-HCI 
(pH 8)-0.1 M NaCl. The excluded material was precipitated with ethanol as above and dissolved in 20 mM Tris-HCI (pH 7.5)-5 mM EDTA. The yield in different 
preparations ranged from 0.3 to 1.5 nmol of incorporated dGMP. Analytical or preparative zonal centrifugation of the viral DNA was through a 4-ml 5-23 % sucrose 
gradient in 50 mM Tris-HCl (pH 7.5)-0.2°%% SDS for 120 min at 55,000 r.p.m. and 15 °C in the SW60 Spinco rotor. A parallel tube was run with **I-labelled globin 
mRNA, Friend cell ribosomal *H-RNA and E. coli tRNA. Annealing reactions: 70S Pr-B RSV *P-RNA (specific activity > 10* c.p.m. g~) was denatured in 20 mM 
Tris-HCI (pH 7.5)-5 mM EDTA for | min in a boiling water bath. Each annealing reaction mixture contained 2 x 10* c.p.m. of the denatured Pr-B RSV "*P-RNA, 
DNA as indicated below, 0.5 M NaCl, 0.01 M Tris-HCI (pH 7.5) in 100 ul and was incubated for 4 h at 66 °C. The solution was diluted to 0.25 M NaCl (200 pl) and 
digestion carried out with 4 U of RNase T, (Calbiochem) for 30 min at 37 °C in the presence of 25 yg of yeast RNA (purified by phenol extraction), After phenol 
extraction the aqueous phase was chromatographed on a 1 x 16 cm column of Sephadex G-100 in 0.5 M NaCl-0.01 M Tris-HCl (pH 7.5). To the pooled excluded fractions 
were added QB RNA (100 ug) and 70S Pr-B RSV *H-RNA (2.5 x 10° c.p.m., specific activity > 10* c.p.m. yg~*) as carrier and internal standard, respectively. The 
nucleic acids were precipitated twice with ethanol, taken up in 6 pl of 20 mM Tris-HCl (pH 7.5)-2 mM EDTA, sealed in a capillary, heated for | min in a boiling 
water bath and chilled. The RNA was digested with 16 U of RNase T, in 10 yl of the same Tris-EDTA buffer for 30 min at 39 °C. The products were subjected to 
two-dimensional polyacrylamide gel electrophoresis as described"’. The autoradiograms are of the following samples: a, Total T, digest of untreated Pr-B RSV 7*P-RNA, 
directly subjected to two-dimensional polyacrylamide gel electrophoresis; b-e, were processed as described above; the DNA in the annealing mixtures was as follows: 
b, Pr-B RSV DNA, equivalent to 120 pmol of dGMP; recovery of **P radioactivity in hybrid, 4.2%; c, Pr-B RSV DNA equivalent to 500 pmol of dGMP; recovery 
in hybrid, 13.2%; d, Pr-B RSV DNA, equivalent to 80 pmol of dGMP; e, rabbit globin cDNA, 540, about 9S (obtained from Dr Peter Curtis), 0.2 ug. a’-c’ are tracings 

of a-c; b’ also identifies the spots in d. The hatched bar in the tracing indicates the position of the gel strip from the first dimension. 
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Fig.2 Relative yields of some large T, oligonucleotides from 
Pr-B RSV *P-RNA recovered after hybridisation to Pr-B 
RSV RNA. The gel regions corresponding to the large T, 
oligonucleotides shown in the autoradiographs of Fig. 1b and ¢ 
were excised, and the **P radioactivity (due to the hybridised 
RNA) and the *H radioactivity (due to the total Pr-B RSV 
RNA added as internal standard) were determined as described". 
The relative recoveries were calculated by multiplying the **P/*H 
ratio of each sample by a factor which takes into account the 
nucleotide composition of the particular oligonucleotide and the 
distribution of *H label between C and U, as described in the 
legend to Table 2 of ref. 17. The values (in arbitrary units; 
chosen to give approximately the estimated absolute yields) are 
plotted in the order of the oligonucleotide map as determined by 
Joho and Stoll (unpublished revision of the earlier map of 
Coffin and Billeter”). Solid bars represent the yields obtained 
after annealing at low, and open bars at high, DNA concentration. 


had not been analysed or mapped previously since they are 
found in a gel region densely populated with smaller oligo- 
nucleotides. Figure Ic shows the fingerprint of T, oligo- 
nucleotides recovered after hybridisation at the higher DNA 
concentration. Again, T,, and T, were the strongest of the 
large and T;,, T5 and T,, of the smaller T, oligonucleotides; 
in addition almost all characteristic T, oligonucleotides were 
present, albeit with varying degrees of intensity. When globin- 
specific cDNA was substituted for RSV DNA the autoradio- 
gram revealed the presence of poly(A) and some faint spots 
corresponding to smaller T, fragments but no large oligo- 
nucleotides (Fig. le). Thus, even the longest oligonucleotides 
generated by T, digestion of non-hybridised RSV RNA are not 
excluded by Sephadex G-100. 

To measure the recovery of the individual oligonucleotides, 
the appropriate gel disks were excised, and the **P radio- 
activity as well as the *H radioactivity (from the internal 
standard) were determined. The relative molar yield of each 
“P-oligonucleotide was calculated by multiplying the ratio of 
its **P/*H radioactivity by a factor which takes into account 
the base composition of the oligonucleotide and the distribution 
of *H label between UMP and CMP (see legend to Fig. 2 of 
ref. 17). The relative molar yields of selected large T, oligo- 
nucleotides which were well resolved on the autoradiogram 
and had been mapped earlier'™'* (E. Stoll and R.H.J., un- 
published results) are given in Fig. 2. Oligonucleotide Tiz, 
which is recovered in highest molar yield (about 65°% of the 
theoretical amount), had been mapped as the oligonucleotide 
closest to the 5’ end and, as shown below, in fact constitutes 
the 5’ terminus. Oligonucleotide T,, which occurs in the next 
highest yield, is located in the middle of the map. After 
hybridisation at the lower DNA concentration the molar yield 
relative to Tı was 20°, for oligonucleotide T, and 10% or less 
for all other nucleotides. At the higher DNA concentration the 
recovery of oligonucleotide T, was 70% compared with T,, 
while most other large oligonucleotides were present at 20 to 
50%. Interestingly Tı; and T,,, the two oligonucleotides 
closest to T,,, were barely detectable. 

A similar protection experiment was performed with Pr-B 
RSV DNA fractionated on a neutral sucrose density gradient. 
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Two fractions, one corresponding to a sedimentation coefficient 
of 0-4S and the other of 4-148, were used for hybridisation. 
In both cases Tı, was by far the most prominent of the large 
oligonucleotides, followed by T,; T;,, T;. and T,, were again 
the most intense of the smaller oligonucleotides (data not 
shown). Figure Id shows the result of an experiment in which 
the product recovered after hybridisation to cDNA was of 
strikingly low complexity; no spots besides Tia, T51, Tsa and 
T5, Were present at a significant intensity. 


Oligonucleotide T13 

Oligonucleotide T,, was digested enzymatically and the 
products were analysed. As shown in Table 1, pancreatic 
RNase digestion yielded, among other nucleotides, a product 
Xp (previously thought to be AAAC from its electrophoretic 
mobility'’-!*) which was not susceptible to further degradation 
by the combined action of RNases A, T, and T. This mixture 
yields mononucleotides from normal oligonucleotides. This 
resistance to digestion was reminiscent of the behaviour of the 
so-called capping group m’G*’ppp’G™pCp found at the 5’ 
terminus of RSV RNA by Keith and Fraenkel-Conrat'’ and 
Furuichi et al.®. To compare Xp with the authentic capping 
group, 30-40S Pr-B RSV **P-RNA was digested exhaustively 
with pancreatic RNase A, RNase T, and RNase T., and the 
digestion products were separated by two-dimensional electro- 
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Fig.3 Coelectrophoresis of *“H-methyl-m’G*’ppp*’G ™pCon 
and the dephosphorylated **P-labelled putative capping group 
derived from oligonucleotide T,, and from 30-40S Pr-B RSV 
RNA. **P-labelled oligonucleotide T, , (7,000 c.p.m.) (a) and Pr-B 
RSV **P-RNA (3.4 10° c.p.m.) (b), prepared as described in 
the legend to Table | were digested in 10 pl of 7.5 mM sodium 
acetate (pH 4.5)-0.5 mM EDTA with RNase A (0.8 mg ml ~) 
and a Takadiastase extract (containing RNase T, and T,, about 
80 U mi~, see ref. 32) for 2 h at 38 °C in the presence of 40-50 
ug of yeast carrier RNA. The products were separated by two- 
dimensional electrophoresis as described by Adams and Cory*'. 
In the case of (a) as well as of (b) a product (Xp and X'p re- 
spectively) with a mobility relative to Gp of 1.2 in the first, and 
0.12 in the second, dimension was identified, in addition to the 
four standard nucleotides. X'p (990 c.p.m.) and Xp (225 ¢.p.m.) 
were eluted, mixed with 10 ug of yeast RNA and digested with 
0.018 U of alkaline phosphatase from E.coli (Worthington) in 
10 ul of 50 mM Tris-HCI (pH 8.8)-10 mM MgCl, for 60 min at 
38 °C. The digests were mixed with about 1 Aaso unit each of 
(3°)AMP and (3‘)CMP, 0.1 umol of unlabelled inorganic phos- 
phate and *H-methyl-m’G*’ppp*G™pCox (about 2,000 ¢.p.m.; 
the preparation was a gift of Drs Furuichi and Shatkin) and sub- 
jected to electrophoresis on Whatman 3MM paper at pH 3.4 
%2P-yhosphate was run in a parallel lane and located by auto- 
radiography. The standard nucleotides were located in the 
ultraviolet light. Each lane, (a) and (b), was cut into strips which 
were placed in scintillation vials with 10 ml of toluene-based 
scintillator solution. *H radioactivity (— — — —) and *P radio- 
activity ( ) were determined by scintillation counting. 
Background radioactivities (S c.p.m. for *H, 9 c.p.m. for **P) 
were subtracted from each value. 
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Table 1 Digestion products of oligonucleotide T,, 


_RNases T,+T,+A Pancreatic RNase A RNAse U, 
0.82 Xp 0.8 Xp 0.8 X-C-Ap 
5.4 Ap 3.0 A-Up 1.0 U-U-U-U-Ap 
1.0 Gp . 2.7 A-Cp 0.82 U-(C,U)-Ap 
6.8 C 51C 0.83 U-U-Gp 
7.3 Up 5.1 1.6 C-C-Ap 
1.0 Gp 1.0 C-Ap 


Pr-B RSV *2P-RNA (20X10® c.p.m.) was digested with RNase 
T,, the products were separated by two-dimensional polyacrylamide 
gel electrophoresis and oligonucleotide 13 was extracted as described 
in ref. 17. Aliquots (1,000-3,000 c.p.m.) were digested with RNase 
U,, pancreatic RNase A or with a mixture of RNases T,, T, and A 
(for base analysis) as described*!. The digestion products were 
separated at pH 3.5 on Whatman 3MM paper for base analysis and 
on DEAE paper in the other cases. The products of U, digestion were 
characterised by their mobilities and/or further digestion as for base 
analysis. The yields of all products were measured by scintillation 
counting. Molar compositions are relative to the underlined nucleo- 
tides; Xp, identified as the capping group (see text) contains five 
phosphate residues. 


phoresis as described by Adams and Cory?!. Oligonucleotide 
Tı; was subjected to the same treatment in parallel. Pr-B 
RSV RNA yielded almost exclusively the four standard 
mononucleotides and about 0.042% of a product X’p with 
electrophoretic properties similar to those described for the 
capping group”. The mobility relative to Gp in the first 
dimension was 1.2, in the second 0.12; the corresponding values 
of Adams and Cory?! were 1.1 and 0.092. Oligonucleotide 
Tı; gave the four standard mononucleotides and 22.5% of a 
product Xp which had the same relative mobility as X'p. 
X’p and Xp were treated with phosphatase and subjected to 
one-dimensional. electrophoresis. In both cases 22% of the 
radioactivity were released as inorganic phosphate (1.1 mol), 
and the residual oligonucleotides X’ou and Xon had the same 
electrophoretic mobility as authentic 7H-CH,-labelled. 
m’G"’ppp*’G™pCon was obtained from Dr A. Shatkin (Fig. 3). 
Digestion of Xon and X’on with snake venom phosphodiesterase 
yielded inorganic phosphate and products with mobilities 
characteristic of .JmpG, pG and pC (data not shown). These 
experiments prove that oligonucleotide T,, contains the capping 
group and thus constitutes the 5’ terminus of Pr-B RSV RNA. 
From the data of Table 1 the partial sequence m’G*’ppp**G"- 
C-C-A-(U,A;U(C,U)A;2C,A;CA)-U-U-Gp was deduced. 
Evidently the initiation codon A-U-G is not present within the 
first 25 nucleotides of Pr-B RSV RNA. It is of interest to note 
that in RAV-6 RNA the same capping group is associated with 
a large T, oligonucleotide of a somewhat different mobility 
which, with one exception, yields the same products as T,3 on 
digestion with pancreatic and U, RNase and thus probably has 
a similar overall structure. Sf 
Initiation sites l i 
We have demonstrated, by a new experimental approach, that 
a large proportion of the DNA synthesised in vitro by disrupted 
oncornavirus particles is complementary to a short segment of 
the viral RNA which contains the 5’ terminus, and a smaller 
proportion is complementary to almost’ all of the RNA 
sequences!*-12, Our results confirm and extend the findings of 
Taylor and IlImensee®. These authors reported that the newly 
synthesised DNA, when isolated as a template—primer—product 
complex, is associated only with close to full-length, poly (A)- 
linked RNA and concluded that initiation occurs close to the 5’ 
end of the RNA. We found thata major fraction of in vitrocDNA 
with a sedimentation coefficient'of 4S and less, that is, with 
chain lengths of certainly less than 200 nucleotides, hybridises 
to the 5’ terminal oligonucleotide (T,;) of Pr-B RSV RNA. 
The fact that the complexity of the RNA protected by the DNA 
is quite low, as judged by the appearance of only one large T, 
oligonucleotide in high yield and the virtual absence of the two 
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T; oligonucleotides closest to the 5’ terminal fragment (T,, and 
Tis), argues against the possibility that the short size of our 
product was due to endonucleolytic cleavage (see also refs 7 
and 9). Thus, the major initiation site must lie within 200 
nucleotides from the 5’ terminus of the RNA, and the short 
size of the DNA could be explained if the 5’ end of the RNA 
constituted a termination point for a large part of the product 
transcribed in vitro. 

DNA complementary to an RNA segment located in the 
middle of the genome was present at a level about 20% of the 
major DNA species, as judged by the relative amounts of 
oligonucleotides T, and T,, recovered after hybridisation at 
low DNA concentration. DNA sequences corresponding to 
other regions of the RNA, in particular close to the 3’ end, 
occurred each at less than 10% of the major species since in the 
hybridisation at high DNA concentration the characteristic 
large oligonucleotides were recovered with a yield half or less 
that of T,. The occurrence of short cDNA species, 
corresponding to RNA segments located throughout the 
genome and present in significantly different amounts, suggests 
that DNA synthesis is initiated at not only one but more likely 
several additional sites throughout the RNA. Multiple initia- 
tion sites for CDNA synthesis have also been proposed by 
Rothenberg and Baltimore?? for the murine leukaemia virus 
system. This proposal runs counter to the previous findings 
that all DNA synthesised in vitro initiates with the same 
nucleotide sequence at the 3’ end of a unique tRNA?#15 
associated with the 5‘ end of 36S viral RNA‘. The results were 
obtained, however, in the presence of only three deoxyribonu- 
cleoside triphosphates, that is, under conditions of limited 
synthesis, which might favour initiation at the main initiation 
site. Furthermore, in our experiments viral cDNA was synthe- 
sised in the presence of actinomycin D to suppress synthesis of 
double-stranded DNA?**4, cDNA synthesised in the presence 
of this drug (or of Mn*+) has a higher complexity than that 
produced in its absence; perhaps actinomycin favours the 
utilisation of minor initiation sites. 

If DNA synthesis initiates at the 5’ terminal region by the 
addition of deoxynucleotides to tRNA™, how does DNA 
synthesis originate at the other minor initiation sites? It has 
been assumed that the position defined by the 3’ terminus of the 
primer tRNA hydrogen-bonded**—*? to viral RNA constitutes 
the attachment site for the RNA-dependent DNA polymerase. 
Panet et al.?8, however, have shown that the enzyme has a 
strong affinity for free tRNAT™; it is thus conceivable that a 
preformed polymerase-tRNA complex may initiate at many 
different sites, albeit with low efficiency. Alternatively (or in 
addition) a low level of initiation could occur at sites defined 
by the many other tRNAs?*-2*2° associated with 70S RNA, or 
possibly at the 3’ termini of accidental nicks in the 70S RNA, 
which could serve as primer template. 

We do not know to what extent the in vitro findings with 
disrupted virus particles reflect the events which lead to the 
formation of a complete viral DNA transcript in vivo. If we 
assume, however, that the physiological initiation site is in fact 
located close to the 5’ terminus then one must postulate a 
transcription mechanism that allows polymerase molecules to 
continue elongation at the 3’ terminus, either of the same or 
a second molecule of the viral RNA. A model in which this 
feature is postulated was proposed by Cooper and Wyke*. 
Recently, it has been reported? ®?2 that in appropriate reaction 
conditions the length of a small fraction of the cDNA ‘synthe- 
sised by disrupted viral particles approaches that of the viral 
RNA. It will be of interest to ascertain whether DNA initiated 
at a site closer to the 3’ terminus is elongated extensively or 
whether DNA beginning close to the 5’ terminus is efficiently 
elongated across the (possibly ligated) gap between a 5’ and a 3’ 
terminus. 

We thank Drs Furuichi and Shatkin for the gift of °H- 
methyl-m’G" ppp*G"Con and Dr Curtis for rabbit globin 
cDNA. L.M.C. was supported by anNIH fellowship. This project 
was supported by the Schweizerische Nationalfonds. 
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Hybridisation of RNA from a baboon endogenous type C 
RNA virus to DNA from tissues of leukaemic patients 
indicates that a virus of this type is horizontally transmitted 
among humans. DNA from several patients with leukaemia 
hybridised 70% of the hybridisable RNA from baboon 
endogenous type C RNA virus (BaEV) and yielded hybrids 
of high tm, whereas DNA from normal human tissues 
hybridised only 23% of the BaEV RNA, and the tm of these 
hybrids was lower. 





SEVERAL studies link type C RNA viruses to human leukaemia. 
These include the detection of subviral components within blood 
leukocytes taken from leukaemic patients!—"!, the transient 
release of virus-like particles from these cells ın short term 
culture!#18 and the rare isolation of infectious virus from 
cultured human cells!*~!®, Nevertheless, evidence for the viral 
aetiology of human leukaemia or, in fact, for the presence of 
oncornaviruses in humans has been limited by the inability to 
detect in fresh human tissues one component expected of 
virus-infected cells, namely, a DNA provirus related to a major 
portion of the genome of a type C RNA virus”. 

The detection of a DNA provirus requires the availability of 
an appropriate viral nucleic acid for use as a detection probe. 
Early studies suggested that Rauscher mouse leukaemia virus 
(MuLV,) might yield a useful probe*—", but subsequent work 
indicated that the MuLV,-related RNA sequences detected in 
leukaemic blood leukocytes might also exist in the blood cells 
of normal people* and that these sequences might be more 
closely related to that of the primate RNA tumour virus, simian 
(woolly monkey) sarcoma-leukaemia virus (SiSV)*©?. So far, 
neither RNA probes from SiSV nor from MuLV, have been 
used successfully to detect DNA proviruses in human tumour 
cells‘, 

The isolation of infectious virus from cultured human cells 
has provided a new impetus ın the search for provirus in human 
cells. In one instance!*!® the viruses obtained from cultured 
human leukaemic cells consisted of a mixture of two type C 
viruses; one closely related to SiSV and one closely related to 


viruses obtained from apparently normal baboons, the baboon 
endogenous virus, BaEV*!~*4, This result prompted us to 
examine various tissues from leukaemic patients for BaEV- 
related provirus. Evidence for BaEV-related provirus has very 
recently been reported in DNA from the spleen of the one 
particular patient, patient HL23, with acute myelogenous 
leukaemia (AML)®> whose cells in culture had released virus, 
the HL23 virus (HL23V)"4. We present here detailed hybridisa- 
tion results that demonstrate the presence of BaEV-related 
provirus in seven of: the leukaemic tissues studied and its 
absence from normal tissues. Specifically, these leukaemic tissues 
were Chosen because of earlier evidence for the presence of other 
viral components in them. We also show that DNA sequences 
distantly related tot BaEV were found in both normal and 
leukaemic humans. 


BaEY sequences in human DNA 


Figure 1 shows that more of the sequences in RNA from 
BaEV hybridised to DNA from spleens or peripheral blood 
leukocytes of some patients with myelogenous leukaemia than 
to DNA of tissues obtained from normal humans. DNA from 
some leukaemic patients (HL23, HL49) hybridised faster to 
BaEV RNA than did DNA from other patients but by a Cot 
of 2X10‘ (200h) DNA from all of the leukaemic patients 
presented in Fig. 1 hybridised significantly more BaEV RNA 
than did DNA from normal humans. It was not possible to 
extend the hybridisations longe: than 200h because of RNA 
degradation (dashed line, Fig. 1). DNA from human NC37 
cells infected by BaEV should contain one provirus per haploid 
genome®**4, and in this case BaEV sequences were readily 
detected (Fig. 1). Since the hybridisation conditions used 
detected DNA sequences present in one or more copies per 
haploid genome, the low hybridisation obtained with DNA 
from normal humans, relative to leukaemics, suggests that the 
sequences in the leukaemic DNA do not result from amplifica- 
tion of normal human chromosomal genes. In fact, the BaEV 
sequences in the DNA of some leukaemic patients (HL7, HL11) 
were probably present less than once per cell, as judged by the 
rate of hybridisation with BaEV RNA (Cof1;2~ 104) (Fig. 1). 
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The experiments shown in Fig. 1 used a DNA: !“I-RNA 
ratio of about 2x10": 1 To determine whether this ratio 
represented an excess of BaEV-related DNA sequences, 
hybridisations were carried out with varied DNA : RNA ratios 
(Cot = 2x 10") (Fig. 2). The percentage 125I-RNA_ hybridised 
to DNA against the DNA : RNA ratio is shown in Fig. 2a. 
The results indicate that even at the highest DNA: RNA 
ratio examined, the percentage of the RNA hybridised was still 
increasing. The data of Fig. 2a were therefore subjected to a 
double reciprocal analysis and the resulting curves were 
extrapolated to the Y axis (where RNA : DNA approaches 0, 
DNA : RNA approaches œ) (Fig. 2b), to estimate the fraction 
of BaEV RNA that may hybridise at infinite DNA excess. The 
results (maximum percentage of the BaEV RNA hybridised at 
infinite DNA) shown in Table 1 demonstrate that DNA from 
some leukaemics hybridised 70% of the hybridisable BaEV 
RNA whereas DNA from normal human tissues hybridised 
only 23% of the RNA at DNA excess. Most extrapolated 
values were close to actual values obtained with large (1 mg for 
example) DNA inputs; where this was not the case, the actual 
values obtained were used (values in parentheses). BaEV 
sequences in the DNA of one patient (HL54) were detectable 
by DNA titration analyses and especially by the double reci- 
procal representation (Fig 26), although they were not detected 
in kinetics experiments. The analysis of DNA from four tissues 
of normal persons (Table 1) establishes the lack of BaEV 
sequences in the normal human genome. The possible existence 
of some normal tissues with BaEV sequences or many normal 
tissues with very rare BaEV sequences (less than one copy per 
cell) is not evaluated here and would indicate infection of 
normal individuals. 


Lack of detectable SiSV proviral sequences 


As we have noted, some biochemical studies have indicated 
that leukaemic cells may sometimes contain molecules related 
to components of woolly monkey (simian) sarcoma—leukaemia 


virus, SiSV (refs 1-7, 13-19, 25, 28-30) and four laboratories: 


have reported the release of infectious virus related or identical 
to SiSV from cultured human cells14-19, The case of patient HL23 
(refs. 14-16, 25) involved release of an SiSV-related virus in 
addition to a virus closely related to BaEV. 

In earlier work’5, however, it was not possible to detect 
proviral DNA related to the genome of SiSV in leukaemic 
patients. Since the DNA titration experiments detected BaEV 
sequences in DNA from leukaemic patients, this assay was 
applied to RNA from SiSV. Figure 2c nevertheless shows that 
no proviral sequences related to SiSV could be detected in 
tissues of patient HL23. DNA from normal humans hybridised 
very little of the SiSV RNA at finite DNA inputs, relative to 
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Fig. 1 Kinetics of hybridisation of BaEV RNA to cell DNA. 
Hybrids were formed between 1“[-RNA from BaEV (strain 
BAB8-K(FCf2TH)® (500-1,000 c p.m.; 108 cpm g-}) and a 
1 x 107- or 2x 107-fold weight excess of cell DNA at 60°C m 
0.4 M phosphate buffer and monitored by resistance to RNase 
as detailed elsewhere**. Fifty-five percent of the RNA hybridised 
* to DNA from normal baboons and all values have been nor- 
malised to this result. x, Yellow baboon spleen (Papio cyno- 
cephalus); O, NC37 human lymphoid cultured cells derived from 
anormal donor; O, NC37 cells infected by BaEV (NC37(BaEV)); 
@, blood leukocytes of patient HL49, a 32-yr-old male Caucasian 
with CML (acute phase), a white blood cell (WBC) count of 
1.4 x 10° p]-*—treatment records were not available; W, blood 
leukocytes of patient HL50, a 62-yr-old male Caucasian with 
AML, a WBC count of 25x 10° yl——untreated; A, spleen 
taken at autopsy of patient HL23, a 51-yr-old female Caucasian 
with AML and under treatment with cytosine arabinonucleoside, 
vincristine, and prednisone; @, blood leukocytes from patient 
HL7, a 26-yr-old male Negro with CML (acute phase), WBC 
count of 6 x 10° ul—1, and treated with prednisone and vincristine; 
Hi, spleen taken at autopsy from patient HLI1, a 59-yr-old male 
Caucasian with an unusual aggressive form of CMML and 
treated with hydroxyurea; A, liver taken from a normal human; 
—— — —, acid-precipitability of RNA. HL, human leukaemic; 
AML, acute myelogenous leukaemia; CML, chronic myelo- 
genous leukaemia; CMML, chronic monomyelocytic leukaemic 


the amount of BaEV RNA that was hybridised (Fig. 2c). 
Although sequences very distantly related to SiSV RNA may 
exist, inordinate amounts of DNA would be required for the 
formation of stable hybrid structures. It seems, therefore, that 
if the human leukaemic cells are infected by SiSV, the infection 
does not involve the classical mechanism of inserting one or 
more proviral DNA sequence per transformed cell. It remains 
possible, however, that provirus related to SiSV will be found 
in other patients. 
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Table 1 Maximum hybrid yield and ¢,, with BaEV RNA 





Maximum% RNA 
Source of DNA Disease hybridised tim(°C) Atim(CC) 
HL23 spleen AML 70 76 —1 
H L50 leukocytes AML 70 77 0 
HL49 leukocytes CML-A 70 78 +1 
HL7 leukocytes CML-A (70) 79 +2 
HLII spleen CMML 45 80 +3 
HLS54 leukocytes AML 40) NT — 
HLS! spleen AML Go? NT = 
HLSS leukocytes ALL (23) NT — 
Normal human spleen — 23 NT — 
Normal human liver — 23 69 —8 
Normal human blood leukocytes — 23 NT — 
NC37 normal human lymphoid cell line — 23 69 —8 
NC37 (BaEV) — 100 77 0 
Normal baboon spleen — 100 75-78* — 
Human leukocyte (x rRNA) (control) — — 82 — 


Teee a a o o es RS 

The maximum percentage of the BaEV RNA that hybridised to DNA was estimated from Fig. 2b. tm Values were measured as described in 
the text. Leukocytes, peripheral white blood cells; AML, acute myelogenous leukaemua;CML-A, acute phase of chronic myelogenous leukaemia; 
CMML, a case of aggressive chronic monomyelocytic leukaemia. The HL numbers correspond to those in earlier publications (refs 1-7, 14-16, 
25, see also legends to Figs ! and 2); NC37(BaEV), NC37 infected by BaEV. NT, not tested. 


*Value varied with different species of baboon. 
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Thermal stability of hybrids formed with 
BaEV RNA and DNA from leukaemic patients 


The thermal stability of hybrids formed at 60 °C was measured 
by exposure to a given temperature for 5 min in 0.15 M NaCl 
and then for 2 h at 37 °C in 0.45 M NaCl with RNase. Repre- 
sentative results are shown in Fig. 3 and are presented in 
entirety in Table 1. The thermal transitions of all BEV RNA 
hybrids examined were broad. The tm values of hybrids formed 
with DNA from positive leukaemic tissues were higher 
than that of hybrids formed with DNA from normal human 
tissues. They approached tm values observed with hybrids 
formed between rRNA and cell DNA and, in fact, were higher 
in some instances than the tm of hybrids formed with RNA of 
BaEV and DNA fiom normal baboons. Thus, whereas the 
BaEV-related sequences in DNA of normal baboons and human 
leukaemic tissues seem to be heterogeneous, they are equally 
closely related to RNA of BaEV. In contrast, the sequences in 
the DNA of normal human liver or NC37 cells differ more ın 
nucleotide sequence from BaEV RNA and are therefore distinct 
from the more closely BaEV-related sequences in the spleens 
of leukaemic patients HL11 and HL23 and in the blood 
leukocytes of patients HL7, HL49, and HL50 (Table 1). 


Phylogeny of BaEV RNA 


Acceptance of the conclusion that the human leukaemic tissues 
contain BaEV DNA sequences is obviously contingent on the 


Table 2 Hybridisation of type-specific 15[-DNA to cell DNA 


Source of !25I type-specific DNA 
Baboon Human 
(P cynocephalus) 
% Hybridisation of subfamily- 
specific 15I-DNA (+10) 


Source of unlabelled 
cell DNA 


Human leukaemic tissues 


HL23 spleen 0 118 

HL5‘SO0 leukocytes 0 110 

HL7 leukocytes 3 95 

HLS54 leukocytes 8 96 

HL11 spleen Sw 106 

HL49 leukocytes 0 118 
Human normal leukocytes 0 100 
Normal primate tissues 

Yellow baboon spleen 

(P. cynocephalus) 100 0 

Mandrill baboon brain i 

(P. sphinx) 93 4 

Macaque muscle 

(Macaca mulatta) 91 — 

Sooty mangabey spleen 

(Cercocebus atys) 95 T 

De Brazza guenon spleen ? 

(Cercopithecus neglectus) 0 — 

Colobus 

(Colobus abasinicus) 0 0 


DNA purified from tissues of a baboon (P. cynocephalus) and 
fragmented to a chain length of about 500 nucleotides was labelled 
with 125] (3 x 107 c.p.m. pg7) by W. Prensky. It was self-annealed in 
0.14 M PO, to a Cot of 5 at 70 °C. Reannealed DNA was bound to 
hydroxyapatite (HAP) at 80 °C, unannealed DNA was washed from 
the HAP at 80°C, and reannealed DNA was eluted at 100 °C. The 
125]-DNA eluting between 80 and 100 °C was mixed with a 10°-fold 
weight excess of unlabelled genomic DNA from Old World primates, 
incubated at 100 °C to denature any double-stranded DNA, annealed 
at 80°C for 15 mm, and hybridised 125J-DNA was purified on HAP 
as described above. 131 eluting between 80 and 100°C was scored 
as hybrid. Of the hybridisable 12°I-baboon DNA, two-thirds was 
specific for baboons, mangabeys, and macaques and one-third was 
less specific sequences which were conserved among all Old World 
primates tested, excluding prostmrans. The more specific sequences 
were used for constructing Table 2 The units presented are percent- 
ages of “type-specific” hybridised relative to that hybridised to P. 
cynocephalus DNA and were reliable within +10 units (110% of the 
maximal value). The rationale for the experiment was that repeated 
sequences originating after man and baboon diverged from a common 
ancestor would be present in one of the animals and would be totally 
lacking in the repeated sequence fraction of the other. It has developed 
that these sequences are present ın the fraction of genomic sequences 
that reanneal by a Cot of 1-5 (repeated some 1,000 times) and that 
have a high thermal stability 
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source of the 15J-RNA and the DNA used. The genetic origin 
of the BaEV RNA could be tested by hybridising the RNA to 
DNA of selected primates. These experiments were not compli- 
cated by contamination with cell RNA since the BaEV used 
was obtained from canine thymus cells and therefore any con- 
taminated cell RNA would be non-primate. On the basis of the 
data of Benveniste and Todaro?*?4 BaEV RNA would be 
expected to hybridise best to animals most phylogenetically 
related to baboons, and we found it to be so (Fig. 4). The 
data are presented as a double reciprocal analysis of DNA 
titration experiments using DNA from selected primates. 
The BaEV RNA was most closely related to DNA from 
baboons, of 18 Old World monkeys tested to date (Fig. 4 and 
L. Donehower, R. C. G., F. W.-S., and D. G., in preparation). 
The phylogenetic data and the hybridisation to proviral 
DNA in NC37 (BaEV) cells (Fig. 1) confirm that the 1%I-RNA 
was the labelled genome of BaEV. 


Typing of DNA 

This laboratory uses DNA from many non-human primates. 
Although obviously a very remote possibility, it was con- 
ceivable that the results described here were due to the selective, 
accidental contamination of the leukaemic tissues with primate 
tissues, with baboon tissue for example. An assay was devised 
therefore to ensure that the putative DNA preparations from 
human leukaemics were, in fact, human DNA. A specific 
125]-DNA probe was prepared from the repeated sequence 
populations of baboon and human DNA using the rationale 
of Rice?! (Table 2). The baboon DNA probe had two useful 
properties: (1) in reconstruction experiments it detected very 
low amounts of baboon DNA (1%) in solutions of human 
DNA; and (2) it contained a very specific sequence component 
present in some mémbers of the subfamily Cercopithecinae 
(baboons, macaques, and mangabeys) that was completely 
absent from other members of the same subfamily (guenons) as 
well as from other primates (other Old World monkeys, apes, 
prosimians, New World primates) (Table 3 and our unpublished 
data). Hybridisation experiments using the specific sequences 
from the DNA of baboons’ and humans and the unlabelled’ 
DNA preparations examined here showed that the human 
leukaemic DNA samples lacked baboon-specific sequences 
(Table 2), establishing that the hybridisation results obtained 
with BaEV RNA could not be explained by contamination of 
the human leukaemic DNA preparations with baboon DNA. 


Interpretation of molecular hybridisation results 


We conclude that five of the eight human leukaemic cases 
presented here had DNA sequences related to a major portion 
of the BaEV genome and that these sequences were absent from 
the normal human genome. In three of these cases, HL7, 
HL49, and HL50, DNA was prepared from fresh, unfrozen 
cells in 1974 and 1975. Aliquots of cells from these patients 
were stored frozen and DNA was again prepared from them 
in 1976. They were again positive and showed the same hybridis- 
ation kinetics as with DNA from the unfrozen cells. Therefore, 
the detection of BaEV proviral DNA in the positive patients 
was reproducible. Two other cases, patients HL51 and HL54, 
may also be positive (Table 1), but there was not enough DNA 
available for fm analyses. The most plausible explanation of 
the molecular hybridisation findings is that the BaEV sequences 
were introduced from without by a viral agent and thus they 
merit the designation ‘proviral’ DNA sequences. 

In summary, the supporting evidence is as follows. Kinetic, 
stoichiometric (DNA titration), and thermal stability measure- 
ments all indicated the presence of BaEV sequences in DNA 
from some human leukaemic tissues. Kinetic analyses showed 
that most of the BaEV proviral sequences in leukaemic DNA 
were infrequent (Cof1;2> 10°), probably present at 0.1-1 copy 
per haploid genome. Stoichiometric studies showed that up to 
70°% of the hybridisable sequences in BaEV RNA were hybrid- 
ised by DNA from spleens or blood leukocytes of leukaemic 
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Fig. 2 Stoichiometry of hybridisation of BaEV RNA and SiSV 
RNA tocell DNA (DNA titration). Hybrids were formed between 
57-RNA (108 c.p.m ye) and cell DNA at 60°C in 04 M 
phosphate buffer and a Cyt of 2x10' Hybrid formation was 
monitored by resistance to RNase a and b, Hybridisations with 
BaEV RNA. O, NC37 human lymphoid cultuted cell line 
derived from a normal donor, O, NC37 cells infected by BaEV; 
@, blood leukocytes from patient HL49; w, blood leukocytes 
from patient HL50, A, spleen from patient HL23; $, blood 
leukocytes from patient HL7; I, spleen from patient HLII; 
A, liver from a normal human; *, liver from patient HLSI,a 
female Caucasian with AML and a white blood cell count of 
5x 10° ul, other data not available; +, spleen from patient 
HLSI; ©, leukocytes from patient HL55, a 12-yr-old female 
Caucasian with ALL, other data not available; Y, blood leuko- 
cytes from patient HL54, a 30-yr-old male Caucasian with AML. 
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patients, compared with 23% hybridised by DNA from 
tissues of different normal humans, including liver, spleen, 
fresh blood leukocytes, and a cultured lymphoid cell line 
(NC37). The absence of the extra BaEV-related sequences in any 
one such tissue demonstrates that they are not Mendelian genes 
in normal humans and therefore do not arise in leukaemic DNA 
by amplification of normal human genes. Thermal stability 
measurements showed that among the BaEV-related sequences 
in the leukaemic tissues were some more closely related to BaEV 
RNA than any detected in normal human DNA. More specific 
conclusions, that is, the percentage mismatching, are premature 
because the DNA sequences involved seem to be heterogeneous, 
including the multiple BaEV sequences in normal baboons, and 
the źm values obtained are an average of the stabilities of all of the 
RNA-DNA hybrids formed. Of the three measurements used, 
the DNA titration assay was the most sensitive for detecting 
BaEV proviral sequences. 


Possible horizontal 
transmission of BaEV among humans 


Though the sequences in human leukaemic DNA clearly 
qualify as BaEV sequences in the three molecular hybridisation 
assays described above, 1t was nonetheless initially surprising 
to find that a baboon type C virus, particularly a virus closely 
related to the one obtained from Papio cynocephalus (yellow 
baboon) had entered humans. In retrospect the concept is 
consistent with the following facts. (1) A BaEV-related P30 
protein has been reported in human cells, including human 
leukaemic cells?8—-3°, Although this was interpreted as expres- 
sion of a human endogenous virus, which in theory may be 
related to BaEV, infection by exogenous BaEV itself is also 
consistent with the observed results. (2) Cross-species trans- 
mission of type C RNA viruses ıs now a well documented 
event? 2427; in fact, one of the cases involved transmission 
of an ancestral BaEV to cats, probably in the Mediterranean 
basin? *4, (3) Although probably all Old World monkeys 
carry endogenous type C RNA viruses, only from baboons 
has the virus been isolated®»22. Thus, baboons seem to re- 
lease BaEV with relative ease from many tissues. The virus is 
not completely controlled by its host and so is a candidate for 
infection between species. (4) BaEV grows readily in human 
cells. (5) Papio cynocephalus and its closely related kin, Papio 
anubis (dogface baboon), are found in Africa and could 
have had contact with primitive man. Once BaEV entered 
man it could then be transmitted with or without an inter- 
mediate vector among the human population (a phenomenon 
which we propose is occurring today). It seems that the transfer 
to man occurred recently since cases where cross-species 
transmission of type C RNA viruses apparently occurred more 
than 5 Myr ago resulted in more genetic change of the viruses 
isolated from the new host?%24, This is in contrast to the 
minimal differences between the BaEV RNA genome and the 
BaEV sequences in DNA of human leukaemics, or the sequences 
in the RNA of the BaEV component of HL23V. 

The virus we call HL23V is similar and possibly identical 
in one of its two major components to BaEV!15, It was 
repeatedly isolated from cultures of marrow and blood cells 
from patient HL23, with acute myelogenous leukaemia?®. 








, P. cynocephalus spleen. ALL, acute lymphocytic leukaemia 
Results are normalised to the maximum hybridisation value obtain- 
ed with DNA from Papio cynocephalus (55% of the RNA). c, 
Hybridisations with SiSV RNA. Hybrids were formed as described 
for a and b, but using 1%I-RNA from SiSV produced by NC37 
cells. JJ, NC37 normal human lymphoid cultured cell; J], NC37 
cells infected by SiSV (NC37(SiSV)); O, kidney from patient 
HL23; @, spleen from patient HL23. For direct comparison, the 
results of b with BaEV RNA hybridised to normal (+) or leu- 
kaemic ( x ) human DNA are superimposed. Only the leukaemics 
described by solid symbols ın b were used. The bars represent the 
high and low values obtained at each RNA:DNA ratio in 6 

The results of ¢ are not normalised. Note the differences in 
scales from b. 
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Fig.3 Thermal stability of BaEV RNA-cell DNA hybrids 
Hybrids were formed between !1%1-BaEV RNA and a 5 x 10®-fold 
weight excess of cell DNA at 60°C ın 04 M phosphate buffer 
and a Cof of 2 x 10t- The melting of the hybrid was accomplished 
as outlined in the text and in ref. 25 The êm values for Table 2 
reflect melting of half of the hybrids resistant to incubation at 
60°C. @, NC37 normal human lymphoid culture cell line; O, 
liver from a normal human, O, spleen of patient HL23; A, 
spleen of P cynocephalus; A, spleen of P. anubis. 





The DNA purified from the spleen of this patient contains 
BaEV sequences (ref. 25 and this article) and the cytoplasm of 
the patient’s fresh, uncultured, blood leukocytes contained 
virus-like particles with BaEV-related nucleic acids%. It will 
be of considerable interest now to see whether the RNA of this 
BaEV-related virus will detect more proviral sequences in the 
DNA of many human leukaemic tissues than did the RNA of 
the BaEV isolated from baboons. 

It is also of interest that another patient with BaEV provirus 
(HL51) was a close contact of patient HL23, a woman who 
presented with AML slightly before HL23 and who ultimately 
died of the disease. That both leukaemic contacts had BaEV 
provirus could be significant. Though all the tissues examined 
in this study were from patients who were found earlier to 
possess other types of viral components!-7:45:25, and most of 
them were positive for BaEV sequences, a more random survey 
of leukaemic patients is in progress and results obtained to date 
suggests that only about 20% of patients with myelogenous and 


Fig. 4 Stoichiometry of hybridisation of BaEV RNA to DNA 

from primates. See legend to Fig 2 for details @, P. cynoce- 

phalus spleen, ©, sooty mangabey thymus; A, De Brazza 

guenon spleen, A, woolly monkey spleen, , liver from 
normal human. Values are not normalised. 
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lymphocytic leukaemia contain BaEV provirus in their blood 
leukocytes (N. Miller et al., in preparation). We feel that BaEV 
may not be the only type Cvirus infecting the human population. 
Our results should be interpreted ın the context of the detection 
of: (1) proviral sequences distantly related to Rauscher mouse 
leukaemia virus n DNA of some patients with leukaemia or 
lymphomas (G. Aulakh, D. G., and R. C. G., unpublished); 
(2) ‘extra sequences’, some related to RNA of Rauscher mouse 
leukaemia virus, in DNA of blood leukocytes of several patients 
with leukaemia but missing in DNA of blood leukocytes from 

normal persons!®11-31; (3) RNA related to Rauscher mouse 
leukaemia virus®-*, Moloney mouse leukaemia virus*®*, and 
simian sarcoma—leukaemia virus in blood leukocytes of some 
leukaemic patients (A. Tavitian, personal communication); (4) 
antibodies in humans directed against viruses of the HL23V- 
SiSV-gibbon ape leukaemia virus and BaEV families**-34 
and, less frequently, different antibodies directed against 
feline and mouse leukaemia viruses**; and (5) antigens in 
tissues of some humans related to those of baboon 
endogenous virus?®—8°, simian sarcoma—leukaemia virus?**°, 
and Friend mouse leukaemia virus. Apart from such 
unlikely explanations as the discarding of particular DNA 
sequences during normal differentiation, and their selective 
retention ın some leukaemic people, information storage in 
RNA of normal cells, or unstable episomal DNA sequences*®, 
the more likely possibility is that many RNA tumour viruses 
originating in animals are being horizontally transmitted among 
humans. Whether they are pathogenic in humans remains to be 
established, but the majority of reports suggesting the absence 
of type CRNA virus components in tissues of normal humans 
(but see ref. 4) suggests that their potential pathogenicity in 
humans should be considered. In any case, we feel the 
present results establish the presence of type C RNA virus 
information in humans. 
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Identification of Abell Cluster 754 
with the X-ray source 3U0901 — 09 by Ariel V 


THE faint, high galactic latitude X-ray source 3U0901—09 
(ref. 1) has been previously associated’, on positional 
grounds, with the rich cluster of galaxies, Abell 754 
(distance class 3, richness class 2). Since the Uhuru 90%- 
confidence positional error box for 3U0901—09 is relatively 
large, having an area of 2.6 degree’, it is worthwhile, in 
view of current theoretical interest in X-ray emission from 
clusters of galaxies (see, for example, ref. 8), to reduce the 
positional uncertainty and thus confirm or reject the pro- 
posed identification with A754. 

The high energy (2-18 keV) detector system of the Ariel 
V X-ray sky survey instrument (SSI) has observed 
3U0901-09 on a number of separate occasions over a peridd 
of a year (February 1975—-February 1976) and the results are 
reported here. The SSI and data analysis are described 
elsewhere‘ *, 

The SSI measured a statistically significant signal 
(> 30) from the vicinity of 3U0901-09 for nine sets of 
observations. The individual error boxes (‘lines of position’) 
from each set of SSI observations are combined to produce 
the Ariel V Sky survey 90%-confidence probability contour 


Fig. 1 90%-confidence positional error boxes for the X-ray 
source 3U0901-09 associated with A754, from Ariel V and Uhuru. 
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for the source location, shown in Fig. 1. This reduces, by 
over an order of magnitude, the uncertainty in the location 
of the X-ray source and supports the previous identification’ 
of 3U0901-09 with A754. Our 90%-confidence error box 
has centroid (in celestial coordinates (degrees, 1950.0))a= 
136.55, 5=—9 56, and area 0.11 degree’. We have paid par- 
ticular attention to the possibility that A761 might also be a 
source of significant K-ray emission; careful examination 
of the individual observations, however, allows us to reject 
this possibility. 

Each observation consisted of a summation of data over 
a period of 1-3 d. There is no significant intensity variation 
between the individual measurements (maximum deviation 
from the mean is ~lo), and the mean intensity level is 
19+0.2 Ariel V counts s™ (2-18 keV), corresponding to 
~ (9.5+0.9) x 107" erg cm’ s™* (2-10 keV) or 5.540.5 Uhuru 
counts s"* (2-6 keV), assuming a spectrum like that of the 
Coma cluster The uncertainties quoted are from Poisson 
errors on the count rates only. This is in close agreement 
with the Uhuru measurement’? of 4.44+0.8 Uhuru counts 
s*. A redshift z=0 0537 for A754 (ref. 7) and a Hubble 
constant of 55kms™'Mpc™ give a distance of 293 Mpc, 
implying, from the Ariel V intensity, an X-ray luminosity 
of (9 840.9) X 10“ erg s™ (2-10 keV). 

It has been suggested that cluster X-ray luminosity can 
be positively correlated with: (1) cluster richness™™; (2) 
cluster radio luminosity’; (3) the presence of one or more 
dominant central galaxies (usually optical type cD (ref. 
11))*°; possible explanations have been discussed in the 
literature™™™”, Confirmation of A754 as an X-ray source 
strengthens these apparent correlations, A754 being both a 
cD type cluster™ and a radio source’. Several theoretical 
studies of possible X-ray emission mechanisms in clusters 
of galaxies (see those reviewed in ref. 8), have suggested 
(differing) correlations between cluster X-ray luminosity 
and velocity dispersion Av. It is therefore important to 
measure Ay for A754. 

The Ariel V project is supported by the SRC. 
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Inverse Compton spectra 
and the spectrum of Cygnus X-1 


THE many X-ray observations of the black hole candidate Cyg 
X-1 show a variable power-law spectrum (see refs 1-8) 


—p 2 
dL Pe 35 -1 -i E d 
=> ~ (2-6) x 10% erg s~ keV 2.5 kpe D 





dE 10 keV 


where d is the distance to the source. During the ‘low state’, 
in which the source spends ~ 90% of its time’, p ~ 0.5 and the 
power-law spectrum extends over 1 keV < Æg 100 keV, with a 
knee suggested at ~ 100 keV. During the transient ‘high state’, 
which persists for weeks to months, the total luminosity at > 
1 keV increases by a factor 5-10 and the spectrum steepens to 
2 Sps 4 over the range 1 keV< ES 10 keV. A hard excess 
above this steep slope is visible at > 10 keV, which contains 
~10% of the total energy. In this paper we glean some in- 
formation about the physics of the source by interpreting 
this spectrum as being caused by inverse Compton scattering 
by nonrelativistic electrons at a temperature Te~ 10° K. 

A power-law spectrum can arise from two familiar mecha- 
nisms when there exists a power-law distribution of ultra- 
relativistic electrons, namely inverse Compton scattering or 
synchrotron radiation. Recently, several workers®§-" have 
pointed out a third mechanism that produces a power-law 
spectrum: repeated inverse Compton scattering of initially soft 
photons by a non-relativistic, thermal electron distribution in a 
finite cloud, optically thin for emission and absorption. If the 
soft photons are injected into the cloud with a characteristic 
photon energy E, and sp2ctrum dZ,/dE£, then the emergent hard 
spectrum is 


AL/dE ~ dL,/dE (EJE) ~”; Es S Es kT. (2) 


The electron distribution need not be precisely Maxwell- 


Fig. 1 X-ray energy spectrum dL/dE of Cyg X-1. Observations 

show dL/dE œ E, 0.5 5S ps 4, for photon energy E> 0.5 

keV; these spectra we extrapolate down in F to their intersection 

with a Rayleigh-Jeans spectrum for T = 10° K. Also shown is 
a source spectrum for thermal cyclotron radiation. 
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Boltzmann. The spectral index, p, is determined by the physical 
properties of the scattering cloud through the relation 


1/2 
p= (34) (3) 


where y is the ‘““Comptonisation parameter”, y = (4kT./m-c’). 
Max (tes, Tes”) and Tes is the electron scattering optical depth 
of the cloud. For E = kT. (or, because of relativistic effects, 
E = 150 keV, whichever is less), the inverse Compton spectrum 
is no longer given by equation (2) and steepens roughly ex- 
ponentially. The above spectrum applies as long as y $ 5 
(unsaturated ‘‘Comptonisation’’), as long as the cloud acts as a 
single emitting region, and as long as inverse Compton scatter- 
ing dominates other cooling mechanisms. 

For any total luminosity L dictated, for example, by the rate 
of gravitational energy release which is powering the X-ray 
source, and for any luminosity Ls of the soft photon 
source, the cloud will adjust its y (and p) so that J(dL/dE)dE 
= L. If the cloud is not emitting enough energy because its 
spectrum is too soft, the electrons will heat up, y will increase, 
and the spectrum will get harder; see equations (2) and (3). 
Changes in either L or L, can induce a change in y and hence 
in p. 

To interpret the observed spectrum and its variations, let us 
first extrapolate the observed spectrum to < 1 keV and consider 
that energy Ers where it intersects the Rayleigh—Jeans portion 
of a black body spectrum 


dLai/dE ~ 2x 104 ergs keV-(T-/10° K)(E/10 keV)? 


(see Fig. 1). Here we have adopted a radius ~ 30(GMbtack note/C?) 
~300GMo/c? ~ 5x10’ cm for the emitting region, typical 
of most models of Cyg X-1 (a factor of three greater or smaller 
would make little difference to our results). The intersection is 
given by 


2+P -1 2 
En ~ 10-8 Te 4 (4) 
10 keV = 10°K 2.5 kpe 


Now, any incoherent soft photon source cannot be more 
luminous than a black body; therefore we must have Es 2 Egs 
as a strict lower limit on Es; in fact, most possible sources 
(see following discussion) will be optically thick below some 
characteristic photon energy Es, so that Es ~ Ers. 

In the low state, p ~ 0.5 and therefore y ~ 2. If Te ~ 10° K, 
then we learn that tes ~ 1 and equation (4) yields Er; œ 0.01 
keV. Thermal cyclotron radiation is likely to be the soft photon 
source here. The detailed models*?? of Cyg X-1 predict B ~ 107 
gauss in equipartition, giving Eeyciotron ~ 10 keV, and we 
calculate (using tes ~ 1) that self-absorption occurs up to 
about the 50th harmonic. Thus FE; œ 0.005 keV, in tolerable 
agreement with Ep; ~ 0.01 keV. Therefore, we suggest that the 
reason the spectrum of Cyg X-1 is never flatter than p œ 0.5 
is that thermal cyclotron radiation is always present as a minimal 
soft photon source with E;~ Er; ~0.01 keV and Ls ~ 1034 
erg s~1. Examination of Fig. 1 clearly indicates that additional 
soft photon sources must lead to steeper spectral slopes. 

In the high state, p ~ 4, y ~ 0.2 and almost all of the 
luminosity emerges near the soft photon input energy Es. 
Apparently, a new soft photon source is operating which 
produces nearly the entire observed luminosity of the source 
Ls ~ L ~ 108 erg s~ and which thus requires only a marginal 
boost (low y) from inverse Compton scattering to balance the 
rate of gravitational energy release, L. As striking as the 
observed transitions ın state are, we infer an even more 
spectacular change in the nature of the soft photon source, 
amounting to a change by a factor of ~ 104 in Ls. 

At p = 4, equation (4) gives Ers ~ 0.5 keV for Te ~ 10° K 
and even higher Ers for lower Te. A plausible candidate for the 
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soft photon source in the high state is a cool, optically-thick 
accretion disk within the optically thin scattering cloud, since 
the temperature of a black body of our adopted radius and 
emitting the observed luminosity of Cyg X-1 would be about 
5x 108 K. At the steepest slope, p ~ 4, one should almost 
certainly see a peak and turnover in the power-law spectrum 
not far below | keV, since a continuation of such a power law 
much lower than 1 keV would constitute an intensity exceeding 
the black-body intensity for any reasonable temperature. The 
excess hard flux seen at E 2 10 keV must originate in a different 
region of the source or by a different mechanism, according 
to this view. 
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Neutron-capture cross sections for Os 
and '*’Os and the age of the Universe 


WE have measured the neutron-capture cross sections for 
186Qs and 1870s in the energy range up to 150 keV, corresponding 
to stellar temperatures up to ~ 18 x 108 K. The knowledge of 
these cross sections enables us to calibrate the 187Re — 1870s 
nuclear B-decay clock and thus to make a new radiogenic 
determination of the age of the Universe. 

There are several techniques used by astrophysicists to 
determine the age of the Universe. These include the use of 
measurements of the expansion of the universe! (Hubble 
constant) and of observations of stars in globular clusters? 
as well as nucleosynthetic techniques. All of the techniques 
involving nucleosynthesis used to date, however, have been 
based on the theory of the r-process for the formation of the 
elements*. The r-process involves neutron capture on a rapid 
time scale in supernova events. It follows a path off the line of 
B stability and is responsible for the formation of all of the 
elements heavier than bismuth. By calculating the production 
ratios for various r-process nuclei such as 2°°Th, 2U and 
*88U in supernova events and by measuring the current 
abundance ratios of the same nuclei, it is possible to arrive at a 
chronology of supernova events (and hence at the age of the 
Universe) This is the basis of the U-Th dating technique of 
Fowler and Hoyle’. ; 

In 1964, Clayton® suggested the'use of a process which does 
not depend critically upon a knowledge of the r-process 
production rates. Rather it depends mainly upon the 5-pracess, 
which rests upon a more firm theoretical footing. The S-process 
refers to neutron capture on a much slower time scale than the 
r-process, and it follows essentially the line of B stability. 


Clayton’s suggestion involves the B decay of !87Re to 1870s 
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Fig. 1 The s-process (heavy line) and r-process (dashed line) 

paths in the vicinity of the Os isotopes. The shaded boxes 

represent stable nuclei except for !8’Re (ty. = 44X10° yr). 

186Qs and 18’Os are shielded from the r-process by 18°W and 
18’Re, respectively. 


S—process 


which has a half-life of ~ 44x 10° yr and which therefore is 
much longer than estimates of the age of the Universe obtained 
from the above mentioned dating techniques ((10-15) x 10° yr). 
Figure 1 shows a portion of the chart of the nuclides in the 
vicinity of the Re and Os isotopes. Both the s-process and the 
r-process paths are shown. It can be seen that 1*’Re is an 
r-process nucleus, while both 18*Os and 1870s are shielded from 
the r-process and hence their synthesis initially involves only 
the s-process. If we denote the s-process abundances of **Os and 
1870s as N18 and N,!®" and the radiogenic component of 187Os 


Fig. 2 The duration of nucleosynthesis A, before Solar System 

condensation as a function of the Maxwellian-averaged 

laboratory neutron-cepture cross section ratio for }8Os and 

187s. The three (of the several possible) models for the supernova 

rate that are shown (a, uniform; b, exponential and c, sudden) 
are discussed in the text. 
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Fig. 3 The neutron-capture cross sections against laboratory 

neutron energy for 18°Os (O) and 18’Os (@). The horizontal bar 

represents the size of the energy bin into which the data have 

been averaged. (The energy resolution of the actual measurement 

was much better.) The uncertainty for each data point lies within 
the plotted symbol and typically 1s 5% at 30 keV. 


resulting from the 1*’Re B decay as Nyaa!®’, then the total 
abundances can be written as 


N186 — N,186 


1 
N17 = N3814 Naat’? a) 


One of the assumptions of the s-process is that NS is constant 
for adjacent s-process nuclei, where ō refers to the Maxwellian- 
averaged neutron-capture cross section for a temperature 
appropriate to the site of the s-process (kT ~ 30 keV). This 
assumption has been justified by Macklin et al. for the tin, 
samarium, strontium, and zirconium isotopes. Using this result 
and equation (1), it is possible to write the ratio of the radiogenic 
component of *87Os to its parent 1®7Re abundance Nge!®? as 





Npe!®? = Nre!®?/Nre Nre 


Naaa?” _ (N18*/Nos)—f(Gre6/F157)Lan(N1®*/Nos) ( Nos ) (2) 


where Nos and Ne. refer to the elemental abundances of Os and 
Re. The measured laboratory cross-section ratio (Gyg6/G497)LAB 
must be multiplied by the factor f since the Os nuclei in a stellar 
environment exist in excited states as well as the ground state. 
The most probable value for this factor has been calculated 
by Woosley and Fowler (personal communication) to be f =0.83. 
The values used for the other parameters in equation (2) are 
listed in Table 1. 

Clayton® used a simple model to determine the above ratio 
as a function of the time and duration of nucleosynthesis. He 





Table 1 Values used in equation (2) to compute Nraa!®?/Npe!®? 


N Nos 0.0123 +-0.0006 
N™5/Nos 0.0159* 
Nre!®?/Nre 0.65* 
Nos/Nre 1241.2 





These values are averages of results obtamed by geochemical 
methods, referred to the time of solar system condensation, using 
Ty = 44 10° yr from ref. 7. 

*The geochemical uncertainties for these quantities are negligible. 
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assumed that r-process nucleosyntheis (which formed 18’Re) 
began at a time A before the condensation of the Solar System 
and decreased exponentially at a rate Aa. Therefore Aa is a 
measure of the supernova rate in the Galaxy. If As denotes the 
B-decay rate of 1®’Re, one can express the ratio Nyaat®?/Npet®? 
at the time of Solar System condensation, using the Bateman 
equations for radioactive growth and decay, as 


1—exp(—A,A) 


exp(ApA (0. ato (3) 








Nena? 8? S Jamk 
Nae? | Ax 


The two extreme cases of this model are (1) sudden synthesis 
(a single supernova event), for which A, — œ and equation (3) 
becomes Nraat®?/Neel®? = ApA, and (2) uniform synthesis 
(a constant rate of supernova events), for which 144 — 0 and 
equation (3) becomes 


Nyaa'®"/Nro!®” = ApA/2 


It should be noted that not only does case (1) result in the 
minimum value for A, but this value also is the average value for 
A, irrespective of the rate (or the rate of change) of supernova 
events, and hence independent of the model used for the time 
history of the stellar burning process. 

If we now plot A as a function of (G1g6/G12;)Lan Using equations 
(2) and (3) we obtain the curves shown in Fig. 2. The two 
extreme cases mentioned above are plotted along with an 
intermediate case where the supernova rate is assumed to be 
exponential in time, with its activity at Solar System condensa- 
tion equal to 1/e of its initial value (Aa = 1/A). For the curves 
in Fig. 2, the B-decay half-life measurement of Herr et al.” 
(12 = 44x 10° yr) was used for Ap. 

The purpose of our measurement therefore was to determine 
the ratio of the neutron-capture cross sections for #8Os and 
187Qs, Maxwellian averaged for kT = 30 keV, from which 
Naa?” /Nge!® can be obtained using equation (2). From this ratio, 
the duration of nucleosynthesis (A), and hence the age of the 
Universe, can be obtained as discussed above. This measure- 
ment was performed using the neutron time-of-flight facility 
at the Livermore 100-MeV electron linac. Details of the 
experimental techniques used for these mneutron-capture 
cross-section measurements are given in ref. 8. For the present 
experiment, the neutron-capture cross sections for 1°°Os and 
1870s were measured over the neutron-energy interval from 
2 eV to 150 keV, using a 3.278-g powdered-metal. osmium 
sample enriched to 78% isotopic purity of 18*Os and a similar 
2.959-g sample enriched to 71% isotopic purity of !87Os. Since the 
impurities consisted of the other stable Os isotopes, the neutron- 
capture cross sections for all these isotopes were measured as 
well. The data were reduced to absolute cross sections by 
including a 1*°Ho sample in the measurement and normalising 
to the measured 1Ho(n,y) cross section®. The resulting 
average neutron-capture cross sections obtained for 1*°Os and 
1870s are shown in Fig. 3. These cross sections were Maxwellian 
averaged for kT =30 keV, from which the value for 
(S186/C187)Las = 0.39 +0.03 was obtained. The uncertainty in 
this ratio includes systematic as well as statistical uncertainties 
in the measurement. Finally, the value obtained for (G4g6/ 
Gıs7)}Las is only weakly dependent upon the choice of kT near 
30 keV. 

This measurement of 626/613, therefore removes the major 
unknown in equations (2) and (3) that prevented, until now, the 
determination of the age of the Universe by the Re —> Os clock. 
From Fig. 2, a value for A = (12.9 +3) x 10° yr is obtained using 
the above value for the cross section ratio for the exponential 
case. (This 23% uncertainty results from the 8% uncertainty 
for the present measurement together with the uncertainties in 
the other quantities in equation (2).) This value can be compared. 
directly with the U-Th dating method‘, which yielded 
A = (7+2)x 10° yr using the same exponential description. 
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Thus there is a substantial discrepancy between the results of 
the two dating techniques. 

It should be pointed out that the Re —> Os dating technique 
depends strongly on an accurate determination of As ( = 1/tp). 
At the present time, the best two measurements”? of this 
half life disagree by 50°%. We have chosen to use the measure- 
ment of Herr et al.” in our determination of A. Since the value 
of ty from ref. 10 is much larger than that reported in ref. 7, 
the discrepancy between the present result for A and that 
obtained from the U-Th method would be increased consider- 
ably if the value for ta from ref. 10 were used. There are other 
uncertainties involved in the Re > Os method, some of which 
are discussed in detail by Clayton®. Another is the possibility 
that some of the 1®’Re, and hence some of the radiogenic 
187Qs, is produced by the s-process. These uncertainties involve, 
however, effects that are either not well understood or of a 
speculative nature; therefore they will not be discussed further 
here. 

If, then, we assume that the time between the end of nucleo- 
synthesis in the Galaxy and the present time is 4.7 X 10° yr, we 
obtain the age of the Galaxy to be A+4.7 = 17.6 (in units of 
10° yr). The time between the beginning of the Universe and the 
formation of the Galaxy is not known, but current estimates! 
give~ 2x 10° yr. Therefore the Re—Os dating method, based on 
the results reported here, indicates that the age of the Universe 
is ~ 19.6 x 10° yr (and the uncertainty ın this number probably 
is no greater than 4x 10° yr). The present results thus yield an 
age which is greater than other recent estimates of this age, 
from the expansion of the Universe ((16.6-+1.7)x10® yr, 
ref. 12), from globular clusters ((13 +3) x 10° yr), and from the 
U-Th method ((14+3) x 10° yr). 

This work was carried out under the auspices of the US 
ERDA. 
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Gravity signature of fossil plate 


boundaries in the Canadian Shield 


Tue Canadian Shield is a mosaic of structural provinces, each 
with characteristic internal structural trends and styles of 
folding’. Boundaries between provinces have been delineated 
where trends are truncated along unconformities or along 
orogenic fronts. The validity of this subdivision of the shield 
has been supported by isotopic dating of orogenies®. Thus, 
the Superior province is the type region for the Kenoran 
Orogeny (2,560 Myr BP), and the Churchill and Grenville 
provinces are the type regions for the Hudsonian (1,800 Myr) 
and Grenvillian (1,000 Myr) orogenies, respectively. 

Gravity signatures observed across structural province 
boundaries in five different areas are remarkably similar (Figs 1 
and 2a). We suggest here that they originate from essentially 
identical crustal structures formed in response to fundamental 
processes operating during Precambrian episodes of cratonic 
convergence, collision and suturing. Three geosutures have so 
far been identified at or near structural province boundaries in 
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Fig. 1 Bouguer gravity anomalies at five structural province 
boundaries in the Canadian Shield. Gravity profiles (shown in 
Fig. 2a): 1, Supertor-Churchill boundary (offshore extension 
of Cape Smith Belt); 2, Supertor—Churchill boundary (Labrador 
Trough); 3, Superior-Grenville boundary (Grenville Front); 
4, Churchill-Grenville boundary (Grenville Front); 5, Slave- 
Churchill boundary (Thelon Front). NF, Nelson Front. 


the shield. The suture peripheral to the Superior Craton is the 
most easily recognised? because it is characterised by distinc- 
tive Aphebian (Lower Proterozoic) geosynclinal and oceanic 
sedimentary, volcanic, and ultramafic rocks, or their metamor- 
phosed equivalents. The interpretation of these rocks as a suture 
therefore depends on the juxtaposition of pseudo-ophiolites 
typical of the plate accretion environment and geosynclinal 
sediments typical of zones of plate consumption‘. The suture 
extends for some 3,200 km from the Manitoba nickel belt 
(Nelson Front) through the Split Lake-Fox River region of 
Manitoba and the Hudson Bay Lowlands of northern Ontario 
to eastern Hudson Bay and thence to the Cape Smith Belt and 
Labrador Trough of northern Quebec (Fig. 1). Reactivated 
basement of the Churchill Province is sharply separated by the 
suture rocks from the non-reactivated Superior Craton in 
Manitoba, Ungava and Quebec-Labrador®’. Interpretations of 
large amplitude Bouguer anomalies associated with the Cape 
Smith Belt® and Labrador Trough”! indicate that the cratons 


Fig. 2 a, Bouguer gravity anomaly signatures along profiles 1-5 
of Fig. 1 (vertical lines numbered 2-5 show positions of cor- 
responding inter-province boundaries®*); b, gravity signature 
(type anomaly) derived by averaging profiles 1-5. Unshaded en- 
velope is described by standard deviation calculated at 5-km 
intervals along profiles; dotted curve, gravity effect of type model 
shown in c. c, Type crustal structure derived from type anomaly. 
Density contrasts in g cm~*; depths in km 
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separated by the suture have different crustal densities and 
thicknesses. 

Interpretations of palaeomagnetic data®-™ suggest that part 
of the Grenville Province broke away from the remainder of the 
shield 1,250 Myr ago, and then rejoined it about 1,000 Myr ago. 
These events require that a suture also exists within the Gren- 
ville Province. Different locations have been suggested for such 
a suture!!~13, Most recently, Thomas and Tanner™ have 
suggested that the suture lies up to 100 km inside the Grenville 
Province, south of a zone believed to contain reworked rocks 
of the older adjacent provinces lying to the south of the Grenville 
Front™. This location is based on the interpretation of gravity 
anomalies along the front as an edge-effect between juxtaposed 
crustal blocks of different mean density and thickness®}*:15, 
The boundary between the blocks is the suture. It is cryptic in 
the sense that no clear surface indications of a suture have yet 
been recognised. Petrological investigations indicate, however, 
that rocks at present at the surface in this region were formed 
at temperatures of 700-750 °C, and at depths of about 20 km 
(ref. 12). At these crustal levels, ultramylonites and pseudotachy- 
lites are likely to be the only indicators of the line of suturing’. 

A third suture has been postulated at or near the metamorphic 
boundary between the Slave and Churchilt provinces!®1’; it is 
known as the Thelon Front!*. Belts of cataclastic gneiss and 
mylonite occur roughly parallel with the front inside the 
Churchill Province®. The front is bounded on either side by 
coextensive negative (Slave) and positive (Churchill) acurate 
gravity anomalies (Fig. 1) which have also been interpreted as 
an edge-effect between juxtaposed crustal blocks of different 
mean density and thickness. According to this interpretation!” 
the density discontinuity penetrates the crust and represents a 
cryptic suture between collided cratons. The gravity anomaly 
is almost identical to those found at the western extension of the 
Cape Smith Belt, the Labrador Trough, and the Grenville 
Front. 

Bouguer anomaly profiles numbered 1-5 across these 
boundaries (Fig. 1) are shown on a common datum in Fig. 2a. 
Apart from short wavelength anomalies attributable to local 
geological features, all five profiles are remarkably similar. In 
each case the gravity profile decreases gradually from a back- 
ground level over the older province to a minimum near the 
inter-province boundary zone, and then increases sharply to a 
broad maximum over the younger province, some 16 to 40 mgal 
higher than over the older province. The smoothed gravity 
signature, which we call the type anomaly, derived by averaging 
profiles 1 to 5, is shown in Fig. 2b within an envelope which 
varies according to the standard deviation calculated at intervals 
of 5 km along the profiles. If the anomaly over the older pro- 
vince is regarded as background, the amplitudes of the minimum 
and the maximum are —42 mgal and 24 meal, respectively. 
The average gradients over the older and younger province 
margins are about 0.2 mgal km™ and 0.8 mgal km~, respec- 
tively. Near the minimum, the gradient is much steeper (up to 
1.8 mgal km~) over the younger province. 

; A type crustal model has been derived from the type anomaly; 
it is Constrained in three ways. Seismic results?! suggest that 
the crust underlying both the Superior and Slave provinces 1s 
about 34 km thick in the vicinity of the profiles. This thickness 
was assigned to the crust of the older province along with an 
assumed normal crustal density of 2.84 gcm-%. The density 
of the upper mantle was assumed to be 3.24 g cm™. Keeping 
these parameters fixed the thickness and density of the younger 
crustal block were varied until the calculated anomaly matched 
the type anomaly. The crustal model is shown in Fig. 2c, and 
the computed anomaly in Fig. 2b. The crustal thickness of the 
younger province is 39.5 km, and the density is 2.91 g cm~. 
The density discontinuity dips towards’ the younger province 
from a point 13 km from the mmimum, to a depth of 14 km 
at a distance of 35 km from the mmimum, where it becomes 
vertical over the rest of its length. The base of the crust of the 
older province dips gently towards the contact over a distance 
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of 160 km. This non-isostatic crust is required to fit the gravity 
minimum. The blocks are otherwise in approximate isostatic 
equilibrium. 

The model indicates that the younger crustal block is con- 
sistently thicker and slightly denser than the older. This con- 
sistency is surprising, but all the more surprising because not 
only do the structures have a wide geographic distribution but 
they are also of vastly different ages. This suggests that similar 
processes have operated throughout much of Precambrian 
time. The density discontinuity of the type model penetrates 
the whole crust and separates cratons of different density, 
thickness, age and internal structure; it is interpreted as a 
vestigial suture between collided continental blocks. The model 
with slight modifications to crustal density and thickness can be 
applied to all five boundary zones and may apply to other 
examples in Canada and elsewhere wherever the gravity signa- 
ture of the type model is recognised. 

R. A. GIBB 
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Gravity and Geodynamics Division, 
Earth Physics Branch, 
Department of Energy, Mines and Resources, 
Ottawa, Canada KIA 0Y3 
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Dating of historical earthquakes by 
mud profiles of lake-bottom sediments 


RECENTLY, Ben-Menahem et al.’ derived tectonic patterns 
and slip rates in the Jordan Rift Valley by combining a 
comprehensive study of seismological, historical, geological 
and morphological data. It was found that the principal 
seismic activity along the Jordan Valley is due to a left- 
lateral strike-slip fault, striking 11° east of north and 
extending for about 50km from 32°N to 31°30’N along 
the 35°30’ meridian. Its most active part in the past four 
millenia has been near the monastery of John the Baptist 
which, according to tradition, is the place where the 
Israelites crossed the Jordan and where Jesus was baptised. 
The fault trace and its role in the historical seismicity of 
the area is shown in Fig. 1. It has an estimated mean rate of 
activity of 2-3 events per century at magnitudes from 5 to 7 
(ref. 1) An aseismic slip rate of at least 3mm yr™ is taking 
place along this fault’. Here we show how this activity is 
reflected in an unusual Iimnological process which takes 
place at the bottom of the Dead Sea and which can serve 
as a ‘geophysical clock’ to date historical events. 

The fault’s seismicity has been reflected ın many historical 
records, in particular the Bible, in which we find distant 
echoes of tectonic events as remote as 2000 sc. Lists of 
earthquakes have been compiled from many and diverse 
sources (see, for example, refs 2-5), and a new revised list, 
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Fig. 1 Map of the Dead Sea fault (see ref. 1). 


which is believed to include seismic events above a Richter 
magnitude 5, is given in ref. 1. 

That list, although inaccurate and incomplete in detail, 
probably includes the major seismic events that have taken 
place around the Dead Sea fault during the past 4,000 yr. 
Although many of the epicentres are known with poor 
accuracy, the list suggests that the number of intermediate 
and major earthquakes in the area (M=5-7) was about 50 
in the past 2,000 yr, yielding an average ‘quiet’ interval of 
40 yr. We have used observations of Elazari-Volcani* 
who obtained a number of profiles of mud samples 
from depths of 70-330 m at different places in the Dead Sea 


during December 1941. At one place about 6 km south-west 
of the northern shore, a profile 170cm long was obtained 
from a depth of 100 m. On dissecting the profile longitudin- 
ally, a ‘spectrum of layers’ of different colours—black, dark- 
blue, grey brown and white—was revealed (Fig. 2). The 
zones of sedimentation, distinctly seen, form no seasonal 
repeat pattern, as do, for example, the annual rings of trees. 
Similar observations were reported for many other lakes by 
Perfiliev’. 

On September 10, 1943, an earthquake was felt along the 
Jordan Valley. Macroseismic evidence placed the epicentre 
at the northern tip of the Dead Sea fault, with an estimated 
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Fig. 2 ‘Spectrum’ of layers of a mud profile of 170 cm long 
obtained from the bottom of the Dead Sea at depth of 100 m. 
Section starts at upper end of a and ends at the lower end of e. 


Richter magnitude of 5. About one week before this event, 
new springs opened up near the shores of the Dead Sea 
and disgorged white material into the Sea, causing pro- 
longed whitish discoloration for about 5 months. Ashbel® 
conjectured that the white layers in the core samples of 
Elazari-Volcani® could have been caused by the sedimenta- 
tion of that white material. He counted 50 white layers in 
the total of 2,000 yearly layers seen in the ‘spectrum’ of 
Elazari-Volcani®. It is therefore tempting to correlate the 


Fig. 3 Dating of white layers of Fig. 2 with the aid of a 
chronological list of earthquakes. 
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time intervals of our chronological list with the length 
intervals of the white layers in Fig. 2. 

Starting with the conspicuous white layer in the upper 
part of a column a (opposite the numbers 2/3) we associate 
it with two earthquakes that occurred during this century 
on the Dead Sea fault (1903, 1906; see ref. 1). The 
next white layer is in the same column opposite 
the numbers 7/8. Assuming that the thickness of the layer is 
proportional to the magnitude, this could correspond to the 
great shock of May 23, 1834 (M=6.25) which is also known 
to have caused a white discoloration of the Dead Sea. This 
permits a ‘calibration’ of the time scale in Fig. 2 (18.5 yr 
per scale unit). Figure 3 shows the correlation between the 
white layers and what I believe to be the corresponding 
seismic events that gave rise to these layers. All in all, 
65% of the white layers could be matched to listed earth- 
quakes. There is an uncertainty of about 10 yr in the 
dating of some layers and there are also white layers for 
which no corresponding event could be found in the avail- 
able lists. One should, however, allow for the possibility 
that some of the listed earthquakes occurred away from the 
fault, such that the white discoloration was faint, and that 
the time scale on the mud profile was not always linear. 

I suggest, therefore, that there is a possible correlation of 
times of earthquake occurrence on the Dead Sea fault arid 
the location of the white layers in the mud profile. There is 
no doubt however that the mud sample represents a period 
of about 2,000 yr and that the white layers in toto were 
definitely caused by earthquakes (or by accelerated pre- 
earthquake creep) on the Dead Sea fault during the past 
two millenia. I therefore predict that deeper mud cores will 
reveal white layers that were caused by earlier seismic 
events. We may be even able to see the white signature of 
the catastrophe of Sodom and Gomorrah. 
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Buena une 





Ordered powder mixing 


UntiL recently, the only accepted theory of powder mixing 
was based on a Statistical randomisation of non-cohesive 
particles’. The introduction of the concept of ordered 
mixing” enables a logical theory to be established for the 
mixing of small cohesive particles to a considerable degree 
of homogeneity. The concept of ordered mixing has 
attracted considerable support**. A basic principle of 
ordered mixing is that fine particles will adhere, especially 
to larger particles. The adhesional forces involved may be 
electrostatic or surface tensional. For a homogeneous system 
to be formed, the weight of fine particles adhering to unit 
surface area of the larger particles should be constant. We 
report here such a condition in the mixing of a fluid energy 
milled closely sized fraction (2.6 um) of salicylic acid with a 
multi-sized distribution of sucrose crystals, in the ratio 
1: 1,000 by weight. 

The powders were mixed in a Revolvo-Cube rotating cube 
mixer for 6h. The sucrose crystals were then classified by 
sieving. The collected fractions were each dissolved in 50% 
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Table 1 Ordered mixing of microfine 


salicylic acid with coarse sucrose crystals 





Weight of salicylic Weight of salicylic 
Mean size fraction Weight of acid/unit weight acid/unit surface Surface area of 
sucrose crystals fraction of sucrose area of sucrose sucrose coated 

(um) (%) (x 10-4) (10-7 g cm~?) (%) 
4.58 5.61 2.04 

462.5 3.34 4.73 5.78 2.10 
4.52 S52 2.01 

7.10 7.31 2.67 

390.0 20.10 6.62 6.80 2.50 
6.41 6.59 2.41 

9.05 7.22 2.63 

302.5 52.43 9.00 7.19 2.62 
8.74 6.98 2.54 

13.1 7.46 2.72 

215.0 21.02 13.8 7.87 2.86 
12.9 7.32 2.67 

17.0 7.39 2.69 

168.0 2.34 18.6 8.10 2.94 
16.9 7.35 2.67 

19.3 7.10 2.56 

137.5 0.78 21.4 7.37 2.84 
19.8 7.20 2.63 





ethanol and assayed for salicylic acid content. The results 
are given in Table 1. 

Over the range of particle size, the weight of salicylic 
acid per unit surface area of sucrose crystals (assuming 
cubic crystals, as observed microscopically) is constant 
within the range of experimental error. From the projected 
area of the fine particles, it is possible to calculate that 
~2.5% of the area of the larger sucrose particles is coated 
with fine particles at this level of mix dilution. 

Segregation was not observed during the classification 
operation, as demonstrated by the lack of material passing 
through the finest sieve used. 

These results demonstrate the possibility of ordered 
mixing processes for producing highly homogeneous 
mixtures of powdered materials. The application of this 
process to a wide number of different industrial uses is 
anticipated. 

Cuee Wat Yip 
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Aluminium-26 in a manganese nodule 


MANGANESE nodules are generally considered to have 
accumulated very slowly. Radiometric studies by **’Th, **'Pa, 
and **U/**5U suggest their growth rates to be a few mm per 
10° yr (refs 1-3). This leads to an enigma: how do they escape 
from burial by associated marine sediments which are accumu- 
lating three orders of magnitude faster than the nodules? 
Though this problem remains open, the postulated slow growth 
rates might permit manganese nodules to accumulate in a 
small volume high concentrations of long lived cosmogenic 
radionuclides Be (t, = 1.5 Myr) and **Al (ty = 0.715 Myr) 
which were formed through the bombardment of atmospheric 
constituents by galactic cosmic rays. Indeed, Somayajulu‘ and 


Krishnaswami et al.* have found that three manganese nodules 
from the Pacific basin concentrate considerable activities of 
Be at their surface (9-68 d.p.m. kg~'). These concentrations 
are several times higher than those found in pelagic sediments. 
We report here on a search for **Al in manganese nodules. 

The TECHNO-1 manganese nodule, obtained by a dredge at 
a depth of 4,020 m at the north of Tuamotu archipelago has a 
crust ~ 1,000 cm* in area and ~ 3 cm thick. This crust covers a 
base of phillipsite. Half of the crust (425 cm*) was provided for 
the present study. The crust was sliced horizontally into four 
sections: section I (0-2.3 mm), section II (2.3-8 mm), section IH 
(8-14 mm), and section IV (14-23 mm). 

For the analysis of **Al, the nodule material was leached 
twice in hot, 6 N HCI. After being isolated by centrifugation, the 
insoluble phases were completely dissolved in HF and the HCI- 
leached fraction and the HF-dissolved fraction were treated 
separately for further purification. Aluminium was precipitated 
with ammonium hydroxide, and iron, manganese and thorium 
were removed by the dissolution of aluminium hydroxide with 
NaOH. This purification process was repeated three more 
times, each time with the addition of a solution of Fe carrier 
which serves as scavenger for Th. The purified Al was finally 
converted to Al,O, and counted. In our study, the HCI fraction 
and the HF fractions were counted together. The chemical yield 
of Al was 65-+5°%. The Al content of the nodule was 2%. 

23A] decays mostly by the emission of a positron followed by 
a 1.83-MeV y ray. The positron thermalises and produces two 
0.511-MeV y rays, enabling the concentration of **Al to be 
measured by the coincident detection of a 0.511-MeV Y ray in 
one counter, and the sum peak of the other two y rays (total 
2.34 MeV) in another. The measurements were carried out with 
a low-level y — y coincidence spectrometer which consists of two 
semi-cylindrical Nal (Tl) scintillators 30x25cm. The same 
spectrometer was previously used for our measurements of 
26Al in marine sediments®. The samples from the manganese 
nodule were counted for 30,000—60,000 min and the background, 
for 60,000 min. The background count rate was 0.0137+ 
0.0005 c.p.m. The counting efficiency for “*Al was 5.3+0.3%. 

23A] was detected in the first section, where its concentration 
of 0.29+0.14 d.p.m. kg~ (a net count rate of 15+7x 10 
c.p.m.) was higher than that found in a Pacific sediment: by 
our measurement, 0.081 +.0.046 d.p.m. kg ` (ref. 6). Therefore 
the postulated concentration of long lived cosmonuclides in 
manganese nodule is also confirmed for **Al. 

The enrichment of “AI in manganese nodule relative to that 
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in sediment is more evident when the specific activities (d.p.m. 
**Al per kg Al) are compared: 15-47 d.p.m. per kg Al in the 
manganese nodule and 0.9+0.5 d.p.m. per kg Al in the sedi- 
ment. This indicates that cosmogenic **Al precipitates from 
seawater for preference with oxides, hydroxides and/or authi- 
genic aluminosilicates rather than with detrital silicate minerals. 

Measurements of **Al and Be in a Pacific sediment’ showed 
that the **Al:!Be ratio in the sediment, 0.109 +-0.012, is in good 
agreement with the theoretical production ratio of 0.013 40.006 
as well as with that measured in Greenland ice by McCorkell 
et al’, 0.017+0.008. From this theoretical ratio and the 
measured **Al activity in the nodule, we estimated the "Be 
activity in the 0-2.3-mm section of TECHNO-1I to be 22+15 
Be d.p.m. kg~'. This estimated activity is compatible to the 
“Be activities measured by Krishnaswami ef al. in three 
manganese nodules; 17, 32, and 89 d.p.m. kg~ (these values 
are calculated for the 0-2.3-mm section from their measure- 
ments of the extrapolated activity at the surface, No, and the 
depth L at which the activity becomes N,/e, by using the 
equation 


Cx = LN, (1—exp(— X/L))/X 


where Cx is the concentration at O—¥ cm section). The agree- 
ment suggests that the **A1:!°Be ratio in manganese nodules is 
of the same order as that in sediments, which is expected from 
the similarity of the geochemical behaviours of the two nuclides 
in seawaters. 

If we assume that the **Al content decreases exponentially as 
a function of depth in the TECHNO-I manganese nodule and 
that the decrease of **A] arises from the postulated slow growth 
rate of nodule material (1-5 mm per 10° yr), then it is possible 
to estimate the Al content in the 2.3-23-mm section from the 
measured content of **Al in the 0-2.3-mm section (0.29 +0.14 
d.p.m. kg~!). Concentrations of 0.004 +0.002, 0.06 +0.03, and 
0.11 +0.05 d.p.m. kg~ are calculated for growth rates of 1, 5 
and 10 mm per 10° yr respectively. The observed net count rate 
of 1(+9)x 10 c.p.m. gives 0.003-+0.024 d.p.m. kg-. The 
upper limit of the observations for the 2.3-23-mm section, 
0.03 d.p.m. kg~, is therefore compatible with growth tates of 
1-5 mm per 10° yr. 

As a solution to the enigma of the non-burial of manganese 
nodules by sediments, Arrhenius* and Lalou and Brichet? 
hypothesised that the radionuclides of interest were not in- 
corporated in the nodule matrix during its growth, but were 
adsorbed later. The present results for **Al are not necessarily 
incompatible with such a hypothesis, because most of the 
%A] is found only in the first few millimetres section, but the 
precision of the present measurements limits further discussions. 

We thank Professor J. Labeyrie and Drs C. Lalou and Teh- 
Lung Ku for their helpful discussion and also Dr D’Ozouville 
of CNEXO for providing the sample of the manganese nodule. 
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Reactions of O(2'D,) with 
chlorofluoromethanes and CCl, 


Upper atmosphere reactions involving chlorofluoromethanes 
are of considerable current interest'**. It has been suggested that 
the diffusion of chlorofluoromethanes, from the troposphere into 
the stratosphere, where photochemical and reaction processes 
produce free chlorine atoms, could lead eventually to a depletion 
of ozone in the upper atmosphere ?, by way of the ClO, cycle 


Cl+0,;—ClO+0, (1) 


clo+0O —-Cl+0O, (2) 
The work presented here was directed towards obtaining a 
more detailed understanding of the primary and secondary 
processes which take place in the photochemically initiated 
reaction between O, and the chlorofluoromethanes. 

The reaction of O(2'D,) with Freons 11-13 (CFCI,, CF,Cl, 
and CF,Cl) is known to give rise to CIO radicals’ 


O('D)+ CF,Cl,-ClO+CF,Cl,_, (3) 


and thus provides a means of direct entry into the ClO, cycle. 
A number of other channels may, however, contribute to the 
overall rate of removal of OCD), including quenching to the 
ground state, O(P). Little is known about the importance of 
these other channels, or of the subsequent reactions of the 
CF,Cl,—, radicals which can in some cases give rise to further 
release of Cl atoms. There is thus a clear need for laboratory 
based studies to establish the mechanism and kinetics of such 
reactions. 

By using flash photolysis coupled to a fast-flow system 
with nozzle beam mass spectrometric sampling (Fig. 1), we 
have obtained direct evidence for a number of transient species 
which are produced in these photochemical systems. The 
formation of ClO by reaction (3) is confirmed and the first 
direct evidence for a competing channel leading to elimination 
of a halogen molecule (reaction (4) below) is presented. 
Secondary production of ClO following reaction between CCl, 
and O, is also reported. 

O(2'D.) atoms were produced by flash photolysing O, in 
the Hartley continuum (200-300 nm). The flash lamp was 
constructed of quartz and was operated with a continuous 
flow of argon at a pressure of ~100 Nm-~*. Flash energies 
of 125-250 J (10uF at 5-7 kV) were found to be adequate 
when signal averaging was used: the half life of the flash at 
260 nm was ~1 ms. Reagents were mixed just before entry 
into the flow tube (typically, flow rates of 10 m s~, with total 
pressures in the range 300-400 N m~? and O,: halocarbon: 
He = 1 : 10 : 40 were used). He +O, mixtures were prepared 
by diverting part of the He flow through a trap containing O, 
adsorbed on silica gel at 195 K. Ozone was prepared by the 
method of Clough and Thrush’ and the concentration in the 
flow system monitored optically by absorption at 260 nm; 
pressures in the range 1-40 N m~? could be conveniently 
monitored with a path length of 10 cm. 

Products of the primary and secondary radical reactions 
were monitored as a function of time with the mass spectro- 
meter (Extranuclear quadrupole) set to sample a preselected 
mass number. The analogue output from the mass spectrometer 
was then digitised and stored in a 200-channel signal averager 
(Datalab, DL102A); in most cases it was necessary to average 
the results of sixteen experiments before adequate signal-to- 
noise ratios were obtained. Little electronic interference from the 
flash was observed, but some variation with mass number was 
found and was thus checked for all experimental runs. 

Helium (99.99%) and Freons 11, 12 and 13 (Matheson) were 
taken directly from cylinders. Carbon tetrachloride vapour 
(laboratory grade) was obtained by pumping on the liquid, and 
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Fig. 1 Schematic representation of the fow tube flash unit and 

nozzle beam mass spectrometric sampling system: FT, flow 

tube; NB, nozzle beam sampling system; QM, quadrupole 

mass spectrometer; FL, flash lamp; CU, charging unit; SG, 

spark gap; PT, photo-trigger; PA, pulse amplifier; VD, visual 
display; SA, signal averager. 


the flow regulated with a needle valve. The purity of all reagents 
was checked before an experimental run by direct sampling 
with the mass spectrometer. 

The extent of photolysis for pure ozone was generally in the 
range 3-10% depending on the flash energies used. In the 
presence of the chlorofluoromethanes the extent of O, de- 
composition was seen to increase significantly as a result of 
secondary reactions. An increase by a factor of 3-8 was 
observed using Freon |1—-13:o0zone ratios around 5. The effect 
was less marked for CCl. 

Formation of ClO was observed (m/e = 51) following the 
photolysis of O, in the presence of Freons 11-13 and CCl, 
(see Fig. 2), supporting previous observations using ultraviolet 
absorption spectroscopy". No signal at m/e — 51 was observed 
when O, was excluded from the flow mixtures under otherwise 


Fig. 2 Formation and decay of CIO following the photolysis of 

Oy in the presence of CCl,. a, Ozone, CCl, and He mixture: 

Po; = 0.05 mmHg, Peci ~ 0.35mmHg, Pue = 2.1SmmHg. b, CCI, 

and He mixture: Peci, — 0.35 mmHg, Pue 2.15 mmHg. Mass 

spectrometer set to sample m/e — SI(CIO*), resolution set at 

4.25; flow velocity 10 m s~}; traces are the result of averaging 
16 experiments 


[C10] (a) 


(b) 
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identical conditions. The yield of ClO was found to increase 
with increasing partial pressure of O, (over the accessible 
range 5-!3Nm~*), as expected from the increase in OCD) 
production. The yield of ClO also increased with the partial 
pressure of CF,Cl, however in the presence of CF,Cl,, which 
is Known to give the highest secondary yield of ClO under the 
conditions used (H. M. Gillespie and, R. J. D., unpublished 
results), the rate of decay of CIO increased with partial 
pressure of CF,Cl, (over the range 40-80 N m-?). As 
CIO is unreactive with closed shell species, this indicates that 
the concentration of free radicals or oxygen atoms increases 
as the partial pressure of CF,Cl, is increased. This could be 
caused by a little photolysis of CF,Cl. and will be examined 
in more detail in future work. The greatest yields of ClO were 
observed with CCl, (Fig. 2). 

Other products observed immediately following photolysis 
of mixtures containing O,, were FCI, CFCIO (both from 
CFCI,) and CF,O from CF,Cl,. Small yields of CCl, and 
CFCI were also observed from direct photolysis of CFCl, and 
CF,Cl, respectively. As these transient species have the same 
charge—mass ratio at CFCIO and CF.O, a small correction to 
yields of the latter species was made. A search was also made 
for the FO radical, however the large background signal at 
m/e = 35 (CI+) made measurements at this mass number very 
insensitive and no firm evidence for the presence of this radical 
was obtained. 

The present work provides further direct evidence for 
reaction (3) and the first direct evidence for the channel 

O('D)+ CFCI, > CCILO + FCI (4) 
(secondary formation of FCI through atom recombination 
would be too slow to account for our observations). Pitts ef al.* 
have observed CF,O and CFCIO as end products from Freons 
12 and 11 respectively and have suggested that reactions 
similar to (4) were responsible, but secondary reactions can 
also lead to these end products. Further work to establish the 
absolute sensitivity of our system for species such as FCI will 
allow the importance of channel (4) to be assessed quantita- 
tively. 

The large yield of ClO from CCl, and the continued growth 
of this radical after the flash (Fig. 2) provides evidence that the 
CCl, radical, formed in the primary reaction between OCD) 
and CCI,, reacts further with O,, yielding CIO. Little is known 
about the mechanism of the secondary reactions involving 
CCl, or CF,Cl,-, radicals with O, or O., but our work 
indicates that the CFCI, radical gives rise to CFCIO, possibly 
by the reactions 


CFCl,+ 0, — CFCI,0t+-0, (5) 


CFC!,0+ — CFCIO+Cl (6) 
where + denotes vibration excitation, with the chlorine atom 
reacting further with O, to yield ClO. 
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Energy analysis of 
wave-power and wind-power systems 


THERE have been several recent suggestions that wave-power 
systems could provide a substantial part of Britain’s energy 
requirements. The development of such systems presents, 
however, some formidable problems. One which has been 
largely overlooked concerns the energy investment required 
in their construction, compared with the predicted rate of 
energy return. The calculations which follow suggest that 
the energy recovery period may be many years. Similar 
calculations for wind-power systems, whose characteristics 
are known with greater precision, indicate a very much 
shorter energy recovery period. Moreover, though the wind 
is often regarded as a diffuse source of power, it is shown 
to offer a power density comparable with that assumed for 
wave-power systems. 

Since no large scale wave-power system has yet been con- 
structed, it is not possible to determine precise energy costs. 
There are, however, enough data available for one proposed 
system, the Salter rocking float'™*, to provide a reasonable 
estimate. Salter’ has shown in laboratory tests that his 
rocking float is a fairly efficient absorber of wave power and 
reports that at Station India in the North Atlantic the 
annual average power in the waves is 77 kW m~”. He there- 
fore suggests that “a few hundred kilometres of installation 
could meet the total present electrical requirements of the 
UK”. Swift-Hook er al? consider the efficiency of the 
rocking float for waves of various periods and state that a 
float 50 m in diameter tuned to a wave period of 10s should 
theoretically absorb at least 50% of the incident wave 
power for wave periods in the range 7-17s. Measured 
efficiencies are somewhat lower than theoretical predic- 
tions, but an overall average efficiency of 50% for a large 
scale rocking float may be feasible, and this would give a 
power output of 38.5kW m™ for a location comparable 
with Station India. A rocking float 50 m in diameter would 
have a displacement of ~ 2,000 tonnes (t) per metre length, 
but if one allows for the connecting structure between floats 
and the addition of a balancing float to counteract the 
torque produced by wave action, as suggested by Denton 
et al’, the displacement will be appreciably higher. Con- 
nected arrays of such rocking floats several hundred metres 
long have been proposed, giving a floating structure com- 
parable in size to modern supertankers. The steel structure 
of such tankers accounts for about one quarter of their 
total displacement. If such a ratio can be maintained for 
wave-power systems, which are appreciably more complex 
mechanically, the power output of 38.5kWm™ would 
require 500t per m of steel structure, that is the expected 
power output would be 77 W per t of steel. The energy 
required to produce 1t of steel is 38.7 GJ (ref. 4) and it 
would therefore be 16 yr before the energy output from this 
wave-power system repaid the energy investment in its con- 
struction. Bearing in mind the severity of the working 
environment, this period is probably comparable with the 
lifetime of the structure. 

The power output per unit displacement may be increased 
by reducing the diameter of the rocking float system. 
Smaller floats are, however, less efficient, and marine 
experience indicates that the ratio of structure weight to 
total displacement increases as the draught decreases. On 
balance it seems probable that reduced draught can give 
some reduction in the energy recovery period, but it is 
difficult at this time to quantify the improvement that is 
possible. Moreover, the energy recovery period of 16yr 
calculated for the 50-m rocking float is based on assump- 
tions which are somewhat optimistic. For example, Station 
India is 700km offshore and well outside the continental 
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shelf. As Denton et al.’ point out, the cost of bringing elec- 
tricity ashore by underground cable would be prohibitive if 
the wave-power systems were > 100 km offshore. Locations 
closer to the shore are therefore necessary and the power 
in the waves will be attenuated as the waves travel over 
relatively shallow water. The degree of attenuation will 
depend on the chosen location, but Salter' provides an 
example of the magnitude of this effect when he quotes the 
power in the waves at Seven Stones, off Lands End. Here 
the annual average wave power is 26kW m™', one third 
that of Station India. There will, in any location, be a 
further loss of efficiency and power output because of the 
lack of alignment between the axis of the wave-power 
system and the incident waves. Allowing for all these factors 
it seems very doubtful whether the energy recovery period 
for a rocking float system can be reduced to much less 
than the estimated 16 yr. Other schemes for extracting 
power from the waves, such as the hinged float system’, 
may possibly have a shorter energy recovery period, but 
there are insufficient data at present in the literature to 
provide a reasonable estimate of this. 

How do wind-power systems compare with proposed 
wave-power systems? Over Great Britain as a whole the 
average power in the wind is at least an order of magnitude 
greater than the average electricity demand of 30 GW. The 
wind is usually considered to be a diffuse source of power 
but in good coastal locations the power flux is comparable 
with the range quoted for wave-power systems. Wind data’ 
for Stornoway, measured at 12 m above ground level (37 m 
above mean sea level) indicates a year round average wind 
speed of 7.4 m s™ and an average power flux of 606 W m7’. 
Up to a height of 50m, which is comparable with the 
draught of proposed wave-power systems, this gives an 
annual average power flux of 30.3kW per metre length of 
wind-power installation. To the east of Britain at Bell Rock, 
which is 20 km offshore and near the Firth of Tay, the cor- 
responding annual average power flux is 32.9kW m™. 
Modern windmills have a peak efficiency of ~ 45% but at 
high wind speeds the efficiency decreases. Over the complete 
operating range of wind speeds an average efficiency of 30% 
can be expected. It has been suggested’ that 10,000 wind- 
mills, each having a rated power output of 1 MW, could 
produce nearly 10%, of our present electricity requirements 
and save 4.6 10°t oil per year. A 1-MW windmill of con- 
ventional design would have a diameter of ~ 50m, and 
past experience’ in the construction of windmills of this 
size and rating indicates that the average power output 
would be ~ 1,090 W per t of steel. This gives an energy 
recovery period of ~ 1.1 yr. Modern vertical axis windmills, 
such as that developed in recent years by Rangi, South and 
Templin™™, promise to give a significantly greater output 
per unit weight and should reduce the energy recovery 
period for windmills to a few months. 

In conclusion, although wave-power systems apparently 
have the potential to provide a substantial proportion of 
Britain’s energy, the energy investment in their construc- 
tion seems large by comparison with their rate of energy 
return, Wind-power systems, however, have a known and 
very much shorter energy recovery period, and their use on 
a moderately large scale could make a real contribution 
towards meeting Britain’s energy requirements. 
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Dinosaurs, endothermy and blood pressure 


THE recent resurgence of speculation about dinosaur physiology 
and behaviour has resulted in two notable and debatable 
interpretations. Bakker! summarises evidence of several 
investigators and concludes that dinosaurs were endothermic. 
Coombs*, among others, suggests that the sauropod dinosaurs 
were mainly terrestrial, only occasionally entering shallow 
water. These hypotheses might well be viewed in the light of 
one line of evidence concerning the relationship between height 
of animals and hydrostatic pressures in the vascular system. 
Size alone can provide important insights into dinosaur 
cardiovascular performance which necessarily relates to the 
questions of endothermy and habitat. This report shows firstly, 
that high arterial blood pressures in large dinosaurs are 
consistent with the proposal that they were endothermic, 
Secondly, I suggest that if the long-necked sauropods were 
aquatic, they thereby avoided tremendous hydrostatic stresses 
on the cardiovascular system. 

High tissue metabolism in endotherms demands high blood 
Pressure and rapid flow in the systemic circuit to provide 
adequate exchange of metabolites. Blood flow must be equally 
rapid in the pulmonary circuit for efficient gas exchange, but the 
pulmonary blood pressure must be comparatively low to 
prevent either fluid filtration through the gas exchange surface? 
or energy waste inherent in excessive precapillary resistance. 
The evolutionary trend among vertebrates proceeds from the 
fishes which perfuse the gas exchanged at higher pressures than 
the other tissues, through amphibians and reptiles with roughly 
comparable pressures in two parallel circuits, to endotherms 
with high systemic and low pulmonary pressures*. A four- 
chambered heart and complete anatomical separation of the 
circuits seem to be required to maintain the large pressure 
difference between the circuits in endotherms. 

Dinosaurs must have had systemic blood pressures high 
enough to move the blood from the heart to the head. The 
terrestrial bipedal ornithopods and theropods, for example, 
must have had central systemic blood pressures equal to at 
least the hydrostatic pressure of the blood column above the 
heart plus the head perfusion pressure. The vertical distances 
between the heart (centre of anterior body cavity) and the head 
in several large dinosaurs (Table 1) indicate that central blood 
Pressures characteristic of living reptiles (about 20-70 mmHg)! 
could not even prevent collapse of the vessels in the head of the 
large dinosaurs much less provide adequate perfusion pressures. 
Because it is reasonable to assume that pulmonary blood 
pressure in dinosaurs was limited by the same constraints as in 
living air breathers, it is likely that at least these large dinosaurs 
had four-chambered hearts capable of producing large differ- 
ences in pulmonary and systemic pressure, 

Bakker’ noted that, among all living vertebrates, only 
endotherms include animals with “fully erect gait” and he 
therefore suggested that dinosaurs were endothermic. By 
“erect”, however, he meant somewhat more than simply a large 
heart-head distance and he was criticised for not showing the 
physiological basis for this correlation between gait and 
endothermy’**. The relationship may be that both endothermy 
and high blood columns require high central systemic blood 
pressure. Thus, sustained high blood pressure inferred from the 
large vertical distance between the heart and the head in some 
dinosaurs supports (but does not prove) the proposition that 
dinosaurs were endotherms. Perhaps the advent of endothermy 
with its concurrent development of high systemic perfusion 
Pressure enabled dinosaurs to become large and erect. The 
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endotherms are the only living terrestrial vertebrates having 
heads more than about 50 cm above the heart. (Some snakes 
have long heart-head distances but they are subject to fainting 
if held in a vertical head-up position’.) Consistently, short 
vertical heart-head distances characterise primitive reptiles 
which are thought to be ectothermic on the grounds of bone 
histology (see ref. 11 for literature) and predator-prey ratios in 
fossil bone deposits". 

The sauropods present another interesting haemodynamic 
problem because of the extreme length of their necks. A 
specimen of Brachiosaurus in the Berlin Museum, for example, 
showed a vertical blood column of about 6.5 m above the heart: 
this would require a ventricular pressure of over 500 mmHg just 
to support the column'*. The hearts of other large sauropods 
also must have had to develop high pressures if these dinosaurs 
held the head continuously erect and were terrestrial (Table 1). 
On the other hand, if the sauropods were aquatic, the blood 
pressure would be more or less equalised by the external 
hydrostatic pressure, thus placing less strain on the heart 
muscle. 

It can be shown that vertebrate cardiac muscle operates 
within a limited range of ventricular wall stress. When the stress 
increases owing to pressure, the myocardium thickens, tending 
to normalise the stress. Not only does this adaptation occur 
within individual hearts, it also appears in phylogenetic 
comparisons. Both mean blood pressure and heart weight are 
generally 30-40%, higher in birds than in mammals*?? for 
example. Giraffes, which have the highest blood pressure 
among mammals", are said to have hypertrophied hearts!. 

To estimate the degree of hypertrophy in sauropod hearts, 
I calculated the ventricular wall stresses in ten species of birds 
and mammals for which appropriate data are available (mouse, 
rat, dog, man, horse, cow, hen, turkey, and two ducks). The 
spherical model used is not precise but it is useful in a com- 
parative way. According to the model, the mean stress averages 
about 1.0 10° dyne cm~? (+0.3= 10°, the 99°% confidence 
interval) in the species examined. If the heart of a 50-tonne 
sauropod was the same weight as that of a similarly sized whale 
(~ 200 kg)", it could have sustained pressures within the living 
vertebrate range. Under the assumptions that it operated within 
the range of stress indicated above, and it had to withstand 
pressures gieater than 500 mmHg, it is evident that the heart 
would have been at least eight times heavier than the whale’s 
heart but with the same internal ventricular volume. The 
spherical model increasingly underestimates stress in real hearts 
as the wall thickness: ventricular volume ratio increases with 
higher blood pressure’. Therefore the estimate of a 1.6-tonne 
heart is conservative. Such a thick-walled ventricle would be 
mechanically inefficient and its rate of oxygen consumption 
would be high. These potential disadvantages of extremely 
high blood pressure, as well as others listed by Hohnke??. 
provide evidence favouring aquatic habits in sauropods. 
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Table 1 Estimated vertical distances between the head and heart in 
some large dinosaurs* and the associated hydrostatic pressure of the 

blood column 
ee ee a 
Vertical distance Hydrostatic pressure 


(cm) (mmHg) 

Ornithopoda 

Hadrosaurus 100-150 77-116 

Anatosaurus 200 155 
Theropoda 

Ceratosaurus 90-150 70-116 

Antrodemus 100 77 

Tyrannosaurus 200-240 155-185 
Sauropoda 

Apatosaurus 201 156 

Brachiosaurus 655 508 

Diplodocus 650 502 

Camarasaurus 550 425 


* Estimates from refs 12, 18 and 19. 


Nevertheless, the possibilities remain that the sauropods 
achieved terrestrial life by possessing extremely hypertrophied 
hearts or an unusually strong myocardium. Alternatively, they 
simply might not have raised their heads high, or if they did, 
they endured a temporary cessation of blood flow to the brain. 
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Acetylene reduction by 
legume root nodule protoplasts 


NITROGEN-FIXING protoplasts are of obvious importance in 
physiological studies of the assimilation of atmospheric nitrogen; 
in investigations of nodule development; in cloning trials for 
experimental and agricultural purposes; and in somatic cell 
hybridisation**. Production of such protoplasts has proved 
elusive, however. Davey et al.* introduced a technique for the 
isolation of protoplasts from nodules. Protoplasts prepared by 
their procedure were incapable of nitrogenase (EC 1.7.99.2)- 
dependent acetylene reduction’, presumably as a result of the 
extensive loss of leghaemoglobin during the isolation process’. 
By modifying the original procedure*, we have obtained naked 
protoplasts which reduce acetylene after a lag period of about 
2 d, and continue to do so for at least 11 d. 

Protoplasts were isolated in a medium containing the 
following: 1% (w/v) Rhozyme HP 150 (Rohm and Haas); 
0.5% (w/v) pectin lyase (EC 4.2.2.3 (ref. 8), Kikkoman Shoyu, 
Chiba-ken, Japan); 1% (w/v) cellulase (EC 3.2.1.4) (Onozuka 
R-10, Kinki Yakult Co., Tokyo); 1% (w/v) bovine serum 
albumin (Sigma) and a wash medium consisting of 0.6 M 
sorbitol ;0.05 M HEPES;0,3 % (w/v) potassium dextran sulphate 
(to inhibit protoplast fusion)’; 0.2 mM KH,PO,; 0.1 mM 
MgSO,; 0.1 mM CaCl.; 1.0 uM KI; 0.1 uM CuSO,; with or 
without | mM KNO,,. The pH of the entire medium was ad- 
justed to 5.8. Protoplasts were prepared from freshly harvested 
nodules of garden grown Vigna unguiculata (L.) Walp plants 
as previously described’. After collection, cells were separated 
from contaminating rhizobia by decantation in sterile wash 
medium. Settling of protoplasts was aided by gentle centri- 
fugation (10g for 1 min), fresh wash medium was added and 
the process was repeated 10-15 times to give a final dilution 
of any extraneous rhizobia of 10'°-10'* times. The protoplasts 
(about 5 x 10° per ml) were incubated in 1.5 ml of wash medium 
at 25°C, and acetylene reduction was assayed as described 
elsewhere". 

Protoplasts obtained in this manner were intact as judged by 
light microscopy, possessed most of the original leghaemoglobin 
content’, and began to reduce substantial amounts of acetylene 
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after a lag period of between 24 and 48 h (Fig. la). Further 
evidence for the structural integrity of the protoplasts was 
deduced from the observation that when they were plated out 
on agar suitable for the growth of soyabean callus", rhizobial 
colonies were not formed, yet rhizobia from within the proto- 
plasts (UMKL 76) were capable of good growth on this medium 
when cultured separately. The extent of the lag period could be 
reduced by removing NO,~ from the wash medium used for 
incubation, but the presence of NO,~ seemed to be essential 
during protoplast isolation. Represession of nitrogenase 
activity by NO,~ is well known!?, and it is possible that NO,~ 
levels must decrease to non-inhibitory concentrations before 
acetylene can be reduced. 

Various substances were added to the incubation medium 
to test their effect on acetylene reduction. For example, 20 pmol 
of ATP stimulated it about sixfold (Fig. 15). Other nucleotides 
had a similar effect. Similarly, phospho(enol)pyruvate and 
succinate enhanced acetylene-reduction activity, and the effect 
in the early stages of treatment was even greater than with 
ATP (Table 1). Addition of V. unguiculata leghaemoglobin to 
the medium (10-20 pmol) completely inhibited development 
of acetylene reduction activity. Most of these effects are similar 
to those seen in cell-free extracts of nitrogenase, and with nitro- 
genase in bacteroid preparations. 

Holsten et al.'* demonstrated that rhizobia could enter 
cultured soyabean callus cells. Under the microscope, the 
rhizobia could be seen within vesicles inside the host cells, and 


Fig. 1 a, Rate of acetylene reduction by protoplasts isolated 
from legume root nodules. Yields were within the range 30-50 
mg dry weight of protoplasts extracted from | g fresh weight of 
nodules. Acetylene reduction was assayed in serum bottles of 
29.5 ml capacity as described elsewhere’. Endogenous ethylene 
production was negligible (<0.0!1 nmol at the end of the 
experiment). Each point is the mean +1 s.d. of four replicates. b, 
Rate of acetylene reduction by protoplasts incubated with 
various amounts of ATP (amounts shown in pmol). Protoplasts 
were isolated from | g fresh weight of nodules and yielded 
30-50 mg dry weight of material. A,+20 pmol; W, + 10 pmol; 
O, + 5 umol; @, control. 


Total C,H, evolved (umol x 103) 
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Table 1 Effect of phospho (enol)pyruvate and succinate on acetylene 
reduction by root nodule protoplasts of V. unguiculata 


Acetylene reduction (nmol C,H,/mg dry weight/h) 


Age of Protoplasts+ phospho Protoplasts+ 
protoplasts Protoplasts (enol)pyruvate succinate 

(d) (40 umol) (40 pmol) 

3 0.10+0.01 0.52 +0.06 0.17+0.01 

4 0.11 +0.01 1.98 +0.20 1.44 +0.09 

5 0.09 +0.03 3.28 +0.91 2.59+0.62 

6 1.08 +0.04 6.14 +0.80 6.20+1.22 

7 2.13+0.15 9,.42+1.72 6.87+1.70 

8 2.04+0.36 8.05+2.04 7.2141.79 

9 3.76 +0.32 11.06+3.17 9.25+1.80 

11 3.45 +0.81 12.57 +2.73 13.09 +2.46 


Each value is the mean (+1 s.d.) of three replicates. Protoplast 
dry weights were determined at the end of the experiment after oven 
drying at 80 °C until constant weight. 


in this condition reduced acetylene to ethylene. Later work 
demonstrated acetylene reduction by rhizobia in the presence of 
plant callus cultures™*~?¢, although there was no direct contact 
between bacteria and plant. Then in late 1975 many authors 
showed that the rhizobia themselves could fix nitrogen in the 
absence of legumes™-%, For these reasons it was imperative 
toshow that the acetylene reductionreported above occurs within 
the plant membrane of the isolated protoplasts. As discussed, 
the protoplasts did not release rhizobia when cultured on an 
agar medium. Also, protoplasts which were actively reducing 
acetylene could be filtered on to nylon mesh (pore size 40 um), 
washed extensively, and still retain the nitrogenase activity 
even in the semi-dry state. Furthermore, the wash-medium 
did not support acetylene reduction by the free-living UMKL 
76, even with numbers as high as 4 x 10" rhizobia per ml. 

Thus the acetylene reduction observed in these experiments 
occurred within the cytoplasm of intact protoplasts. Maximum 
rates of reduction approximated 2-5°% of that observed in 
fresh nodules (and this does not take into account the yield of 
protoplasts). In other experiments, rates of reduction of 
12-13 nmol C,H, produced per mg dry weight per hour 
were observed, which compares favourably with the reported 
values of about 46 nmol C,H, produced per mg dry 
weight rhizobia per h (ref. 21). 

We thank Mr R. Jesinger, Rohm and Haas Co, and Dr S. 
Ishii, Kikkoman Shoyu Co., for enzymes. Financial assistance 
was provided by the International Foundation for Science 
(Stockholm) and the University of Malaya. 


W. J. BROUGHTON 
K. C. Woor 
C. H. Hox 
Department of Genetics and Cellular Biology, 
University of Malaya, 
Kuala Lumpur, Malaysia 


Received March 23; accepted May 18, 1976. 


1 Nickell, L. G., and Torrey, J. G., Science, 166, 1068-1069 (1969). 
2 Cocking, E. C., A. Rev. PI. Physiol., 23, 29-50 (1972). 
3 Carlson, P. S., Proc. natn. Acad. Sci. U.S.A., 701, 598-602 (1973). 
4 Gamborg, O. L., and Miller, R. A., Can. J. Bot., S1, 1795-1799 (1973). 
5 Handmaker, S. D., A. Rev. Microbiol., 27, 189-204 (1973). 
6 Davey, M. R., Cocking, E. C., and Bush, E., Nature, 244, 460-461 (1973). 
7 Hoh, C. H., and Broughton, W. J., in Proc. natn. Tissue Culture Symp. 1975, 42-50 
(Rubber Research Institute of Malaysia, Kuala Lumpur, 1975). 
§ Ishii, S., and Yokotsuka, T., Agric. biol. Chem., 39, 313-321 (1975). 
° Bremerskov, V., Nature new Biol., 246, 174 (1972). 
10 Williams, W. M., and Broughton, W. J. in Soil Microbiology and Plant Nutrition 
(University of Malaya Press, Kuala Lumpur, in the press). 
11 Constabel, F. in Plant Tissue Culture Methods 11-21 (National Research Councilof 
Canada, Saskatoon, 1975). 
12 Sorger, G. J., J. Bact., 98, 56-61 (1969). 
13 Holsten, R. D., Burns, R. C., Hardy, R. W. F., and Hebert, R. R., Nature, 232, 
173-176 (1971). 
4 Child, J. J., Nature, 253, 350-351 (1975). 
15 Scowroft, W. R., and Gibson, A. H., Nature, 253, 351-352 (1975). 
16 Reporter, M., and Hermina, N., Biochem. biophys. Res. Commun., 64, 1126-1133, 


1975). 
7 Payis, }; D., Child, J. J., Scowcroft, W. R., and Gibson, A. H., Nature, 256 
7 (1975) 


18 Kurz, W. G., and La Rue, T. A., Nature, 256, 407—408 (1975). 

19 McComb, J. A., Elliot, J., and Dilworth, M. J., Nature, 256, 409-410 (1975). 

20 Keister, D. L., J. Bact., 123, 1265-1268 (1975). 

2 Teens, J., and Evans, H. J., Biochem. biophys. Res. Commun., 65, 625-628 





Inhibition by acetylene of conventional 
hydrogenase in nitrogen-fixing bacteria 


One of the earliest observations associated with nitrogen 
fixation was that all nitrogen-fixing organisms contained 
hydrogenase and nitrogenase’. We show here that acetylene, 
which is widely used as a substrate for nitrogenase, inhibits 
conventional hydrogenase activity and thus prevents the 
uptake of H: formed by nitrogenase in the presence of CO. 
Our evidence also suggests that azotobacter nitrogenase 
forms H: in vivo and that hydrogenase reoxidises this H; to 
provide reducing power for metabolism. 

Hydrogenase can be classified into two major types: first, 
the ATP-dependent hydrogen-evolving capacity of nitro- 
genase, which accounts, in part, for the above correlation, 
and second, the hydrogenase which is not dependent on 
ATP. This second type can be subdivided into the reversible 
hydrogenases, common in anaerobic bacteria and presum- 
ably used as an electron sink to maintain a constant level 
of oxidised ferredoxin (or equivalent electron carrier), and 
the unidirectional, hydrogen-oxidising type found in 
azotobacter’* and some nitrogen-fixing bacteroids’, Dixon® 
suggested three possible functions for this unidirectional 
hydrogenase: (1) as an oxygen scavenger to supplement 
respiratory protection of nitrogenase; (2) to prevent the He 
evolved by nitrogenase from inhibiting the enzyme, and (3) 
enhancing the efficiency of nitrogenase by recycling the 
evolved H:. There was little supportive evidence for these 
possibilities and the failure to observe H: evolution by 
nitrggen-fixing azotobacter under CO and argon, conditions 
favourable for any such evolution, led Postgate* to suggest 
that the nitrogenase site was anhydrous in vivo and that 
the hydrogen ion was unable to reach it. Brotonegoro’, 
however, observed that nitrogen-fixing A. chroococcum 
evolved H: in the presence of CO if C,H» was also present. 
We have investigated this observation, 

The organisms used in this study were Azotobacter 
chroococcum (N.C.1.B. 8003) and Klebsiella pneumoniae 
MSAI. The growth, harvesting and preparation of crude 
supernatant extracts from these organisms have been 
described elsewhere™*. Whole cells of A. chroococcum 
were obtained from batch cultures (100-ml volumes shaken 
in 250-ml conical flasks under air at 30°C) and the 
K. pneumoniae cells were from a glucose-limited chemostat 
culture repressed for nitrogen fixation’. 

For the enzyme assays, the nitrogenase activity in crude 
supernatants’ or whole cells® of A. chroococcum was 
measured by acetylene reduction or H: evolution’. Hydro- 
genase activity in both A. chroococcum and K. pneumoniae 
was determined manometrically’’”’. 

Table 1 shows clearly that acetylene inhibited the ATP- 
independent H:-evolving capacity of the reversible hydro- 
genase of K. pneumoniae and the Hroxidising capacity of 
the unidirectional hydrogenase of A. chroococcum, but that 
it did not inhibit the ATP-dependent H:-evolving capacity 
of nitrogenase. C,H: seemed to be a more effective inhibitor 
of hydrogenase than CO, particularly with whole cells of 
A. chroococcum. 

Table 2 shows the effect of CO and C,H, on hydrogen 
evolution by whole cells of A. chroococcum. The effect of 
the inhibitors varied with different batches of cells but 5% 
CO consistently inhibited acetylene reduction by > 95% 
and the rate of Hy evolution was always greater in the 
presence of both CO and C:H: than with either gas alone. 
NH:-grown cells, repressed for nitrogenase activity, did 
not evolve Ha; this strongly suggests that the enzyme res- 
ponsible in N:-grown cells is nitrogenase. 

We have confirmed the observation made by Brotonegoro® 
and extended it to show inhibition of conventional hydro- 
genase by acetylene. The evolution of H: which occurs 
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Table 1 Inhibition by acetylene and carbon monoxide of hydrogenase activity 


Concentration of inhibitor 
(% C,H, in gas phase) Reversible hydrogenase 


from K. pneumoniae 


Whole Crude 
cells supernatant 
3.7 67 
6.5 82 
5.0 45 
10.0 85 
20.0 


ATP-independent hydrogenase 
Unidi 


Inhibition % 
ATP-dependent hydrogenase 
Crude preparation 


rectional (H, uptake) 
of nitrogenase from 


hydrogenase from A. chroococcum 


Whole Crude A. chroococcum* 
cells supernatant 
51(7)t 51(36) 0(0) 
75 83 0 
96 95 0 





K. pneumoniae hydrogenase was measured in NH,-grown cells and supernatants which contained no nitrogenase activity: H,-evolving 
activity of whole cells (2.3 ml, 0.6 mg of protein) with added glucose (46 mM) was measured manometrically at 30 °C under argon. Crude 
supernatants (2.4 mg of protein) were also assayed manometrically under argon at 30 °C in 70-mM HEPES buffer, pH 7.2, Na,S.O, (20 mM) 
and methyl viologen (2 mM) in a final volume of 2.3 ml. The reactions were started by tipping either glucose or Na,S,O, from the side 
arm. A. chroococcum hydrogenase was measured manometrically at 30 °C by following H, uptake in 100-mM phosphate buffer pH 8.0, containing 
washed cells (0.5 mg (dry weight)) or crude supernatants (3.4 mg protein) with potassium ferricyanide (24 mM) as the electron acceptor. The 
atmosphere contained H, (80%), C,H, as indicated with argon as the normalising gas. 

Acetylene also failed to inhibit the H,-evolving capacity of nitrogenase from K. pneumoniae in the presence of CO (Dr B. E. Smith, 


personal communication). 


*The ATP-dependent H,-evolving capacity of nitrogenase in crude supernatants of A. chroococcum was measured in the presence of 20% 
CO to prevent competition for electrons between the acetylene-reducing site and the H,-evolving site. Otherwise, the assay conditions were 


as described by Yates and Planqué’. 
+The figures in parentheses show % inhibition by 5% CO. 


when A. chroococcum is treated with both CO and C:He 
can now be interpreted simply; CO blocks all but the hydro- 
gen-evolving function of nitrogenase’? and CO plus C:Hh, 
but mainly C:Hə, blocks the conventional unidirectional 
hydrogenase which would otherwise reoxidise the hydrogen 
formed by nitrogenase. In experiments not reported here, 
the aerobe Mycobacterium flavum 301 shows a similar 
pattern of responses to CO and C:H:. 





Table 2 H, evolution and acetylene reduction by N,-fixing 
A. chroococcum 


Amount of gas added C,H, reduced H, evolved 
to the atmosphere (nmol h~) (nmol h7?) 
none 0 0 
10% C,H, 780 20 
5% CO 0 440 
10% C,H,+5% CO 5 760 





The nitrogenase activity of A. chroococcum was measured in 10 ml 
suspensions of whole cells (0.25 mg dry weight ml ~+) in 25-ml conical 
flasks at 30°C under a PO, of 0.05 atm. 


These results given a clear indication that Hə is formed 
by azotobacter nitrogenase in vivo but, instead of being 
evolved, it is normally reoxidised by hydrogenase to provide 
additional reducing power for metabolism. This recycling 
of H: formed by ATP-dependent nitrogenase activity 
coupled with the ability of H: to support oxidative phos- 
phorylation in azotobacter? may partly explain the ap- 
parently greater efficiency of nitrogenase in azotobacter 
compared with C. pasteurianum’’; ATP-independent hydro- 
genase evolves H: during growth of C. pasteurianum. Thus, 
the evidence suggests that possessing hydrogenase improves 
the economy of N,-fixing aerobes, so the correlation be- 
tween hydrogenase and nitrogenase’ now has a rational 
basis. 
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Linear relationship between phytochrome 
photoequilibrium and growth in 
plants under simulated natural radiation 


DEVELOPMENT in higher plants is highly responsive to environ- 
mental factors, the most important, in natural conditions, being 
light. Perception of light quality involves at least two photo- 
receptors, of which phytochrome is the better understood’. 
Most work on its function, however, has been carried out with 
etiolated (that is dark grown) seedlings irradiated from relatively 
narrow wave band sources. There is no direct evidence on the 
function of phytochrome in the natural environment*. Using 
simulated natural radiation conditions, we have now found 
evidence to support the hypothesis that phytochrome acts to 
detect mutual shading through the changed quality of natural 
radiation, and to redirect development appropriately”. 
Phytochrome is a photochromic protein existing in two 
interconvertible forms; P,, which absorbs maximally at 660 nm; 
and Pr, absorbing maximally at 730 nm (ref. 1). Thus, in contin- 
uous irradiation with broad-band sources absorbed by both P, 
and P;,, a photodynamic equilibrium is achieved characterised by 
the steady-state proportions of P, and P;,. This photo- 
equilibrium is usually determined as P;,/Protars and is known 
as ọ. We have recently shown that @ can be quantitatively 
related to the ratios of the quantum flux densities at 660 nm 
and 730 nm (known as Ẹ) using a range of natural and artificial 
radiation sources*. In addition, certain parameters of develop- 
ment were shown to be related, through, to &, in a predictable, 
although non-quantitative, manner*. We report here a direct 
linear relationship between a growth parameter (the logarithmic 
stem extension rate) and apparent phytochrome photo- 
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equilibrium (@) as estimated from quantum flux density 
ratios (&). 

In this work seeds of fat hen (Chenopodium album L.), a 
common weed of arable land, were collected from the field, 
germinated and grown to the third leaf stage in a controlled 
environment room (16 h, 20°C day: 8 h, 15 °C night) under 
radiation from a bank of 80-W Warm White fluorescent tubes 
providing a quantum flux density of 180 pE m~? s~! of photo- 
synthetically active radiation (PAR) as defined by McCree*. 
Seedlings selected for uniformity were then transferred to the 
light treatment chambers using the photo- and thermoperiod 
conditions described above. 

The experimental light sources were designed to provide 
equivalent amounts of PAR using 6x2 foot 40-W Colour 
Matching 55 fluorescent tubes. To vary the phytochrome 
photoequilibrium while maintaining constant PAR, additional 
far red (>660 nm) radiation was provided from 60-W unfiltered 
tungsten bulbs, or from a bank of water-cooled 150-W clear 
tungsten filament lamps filtered through a red and a green 
sheet of Perspex. The PAR in all treatments was adjusted to 
100 pE m~* s~'. The added far red radiation allowed a range 
of estimated phytochrome photoequilibria between ọ = 0.71 
and@ = 0.29. The spectral energy distribution of each radiation 
source was measured and the apparent phytochrome photo- 
equilibria estimated from the & values as described previously*. 

Figure 1 shows the appearance of two originally identical 
seedlings after treatment with radiation of equal photosynthetic 
effectiveness but different — values for 21 d. The lower phyto- 
chrome photoequilibrium established in the plants given added 
far red radiation has led to extreme modification of develop- 


Fig. 1 Photograph of Chenopodium album seedlings grown for 
21 d under radiation sources providing equal quantum flux 
densities in the photosynthetically active regions (100 pE m~? s~*) 
but with different amounts of far red radiation establishing 
different phytochrome photoequilibria. The estimated photo- 
equilibria under the two sources are a, 0.71; b, 0.38. 


a b 
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0.08 


0.06 


0.04 





Logarithmic stem extension rate 


b= -0.145 + 0.021 





0.00 0.20 0.50 0.60 0.80 
¢ 


Fig. 2 The relationship between phytochrome photoequilibrium 

(@) and the logarithmic rate constant of stem extension for 

Chenopodium album seedlings growing under equal amounts of 

PAR. The line has been fitted by regression analysis, and the 
correlation coefficient is —0.924. 


mental pattern. In particular, stem elongation, branching, 
flowering, and leaf pigmentation are modified. 

During the early period of growth, Chenopodium album 
seedlings grow exponentially with respect to overall height. 
When plants were grown under radiation sources providing 
equivalent PAR but different phytochrome photoequilibria, 
the logarithmic rate constants of stem elongation were found 
to be directly, and linearly, related to the estimated phytochrome 
photoequilibria (Fig. 2). Other parameters of development are 
also related to, but the linear relationship with the logarithmic 
stem extension rate is the most clearcut response noted, Many 
workers have previously shown that a modification of ọ at the 
end of the daily light period has substantial effects on growth®"". 
In more detailed experiments to be published elsewhere, we have 
demonstrated that the phytochrome photoequilibrium 
established during the light period is responsible for at least 
80% of the change observed in stem extension rate, and 
end-of-day effects, although important, are quantitatively much 
smaller, although again linearly related to ọ, as first shown by 
Vince-Prue*. We have also shown that the linear relationship 
presented in Fig. 2 is not merely a quirk of Chenopodium album; 
it has been seen in other species including the stinging nettle 
(Urtica dioica) and rose-bay willow-herb (Chamaenerion 
angustifolium). A survey of sun- and shade-plants is 
being undertaken to search for systematic variation in 
responsivity to light quality. 

These data strongly support the hypothesis we previously 
proposed that the principal function of phytochrome is to 
detect the quality of light in the red and far red wavelength 
regions, and thus to perceive mutual shading®?. For plants 
adapted to an herbaceous (that is non-phanerophytic) habit, 
competition for light is extremely important, and a sensitive 
mechanism for response to mutual shading is clearly of great 
adaptive value. 

The authors are grateful to the Natural Environment 
Research Council for financial support of this work. 
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Hydromechanical adaptation in the 
solitary free-living coral Fungia scutaria 


THE scleractinian coral Fungia scutaria produces a dense, 
diskoid skeleton that is adapted for stability and abrasion 
resistance in turbulent water. Water motion rights skeletons at 
velocities lower than needed to disturb upright corals. Flow of 
water over the coral is controlled largely by passive hydro- 
mechanical adaptations. Previous reports'~* suggest that 
muscular activity is the main mechanism enabling free-living 
solitary corals to follow their peculiar way of life. Our work 
indicates that passive hydromechanical adaptations can be a 
more important factor in shallow turbulent waters. Several 
species of free-living corals are known to migrate, avoid burial, 
and right themselves by action of their polyp™? or by symbiotic 
activity of sipunculid worms*. Most other Indo-Pacific solitary 
corals such as F. scutaria are inactive, yet remain upright in 
turbulent waters. Dead skeletons of F. scutaria are generally 
found with the oral surface upward, and seem to resist erosion 
far better than other corals. We overturned dead skeletons in 
one area; they were righted during the next period of heavy 
waves, suggesting unique hydraulic and structural properties of 
the skeleton. 

Fungia stability was tested on an intertidal bench subjected 
to wave-induced unidirectional flow of 30-50 cm s~. Occasional 
swells swept across the bench and accelerated flow. Between 
surges Fungia skeletons were set out, either upright or inverted. 
In the wake of the surge, the resting position of each skeleton 
was noted. Inverted skeletons were righted by single surges of 
1-2 m s*. Overturned skeletons exposed to a single surge were 
righted 40 out of 50 times, whereas upright corals remained 
undisturbed in 49 out of 50 trials. The skeletons generally came 
to rest with their long axis parallel to the direction of current 
flow, reducing the cross-sectional area presented to the current 
and increasing stability. 

About 70% of Fungia found on a reef flat in Kaneohe Bay, 
Hawaii, rested upright with their long axis aligned within 30° of 
the local set of storm waves. The hydraulic response of Fungia 
is similar to that of concavo--convex structures such as pelecypod 
valves in shallow marine environments"; in the case of Fungia, 
this response has adaptive significance. 

Water flow over the coral surface was observed in a flume. 
Dye injected from a syringe was used to trace flow. In moving 
water, dye in contact with living or dead corals moves slowly 
towards the stomodaeum. The rough surface creates frictional 
drag and decreases water velocity at the boundary. For example, 
in a current of 30 cm s* (Fig. 1d) water moved at 0.3 cm s> on 
the downstream portion of the coral directly against the current 
and at 1 cm s* on the upstream portion of the disk. The radial 
exert septae have a major role in directing and reducing flow. 
Dead skeletons and living corals with contracted polyps direct 
flow into the stomodaeum (Fig. Id); corals with expanded 
polyps or dead skeletons smoothed with cement (Fig. le) do not 
so direct the flow. In cross section Fungia resembles an airfoil, 
and a moving fluid induces a low pressure area over the 
stomodaeum. Reduction in current velocity at the coral surface 
permits flow into this area of low pressure and probably 
fascilitates ciliary control of the surface film® in all current 
conditions. 

The ability of the living polyp to right the skeleton on various 
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substrata and the role of burrowing crabs in the process were 
tested in continuous flow aquaria. Live corals and dead skeletons 
in a graded series of 10-100 g wet weight were placed upside 
down on the substrata (Table 1). Substrata used were sand, 
gravel and hard bottom. One experimental series included 
approximately 15 xanthid crabs (carapace width3cm). The other 
series excluded crabs. Although many of the live Fungia 
eventually righted themselves on the rubble substratum, the 
process took several days (compared with minutes for more 
active species'**), Corals on sand and hard substratum did not 
right themselves. Crabs had a minor role in righting the corals, 
overturning two dead skeletons. 

Ability to migrate to the surface was tested by burying ten 
living Fungia under | cm of sand. No coral reached the surface; 
all were dead at the end of 7 d. Strong currents and wave motion 
in the typical shallow water F. scutaria habitat causes erosion; 
the coral must avoid abrasion by moving rubble, overturning, 
and physical removal rather than in situ burial. Unlike its 
relatives which inhabit calm deep water (where sediments 
eventually come to rest), this species does not ordinarily 
encounter thick deposits of fine sediment. 

Resistance to abrasion was tested for the four most abundant 
coral species in the area (Table 2). Live corals were tagged and 
the skeletal weight measured using the buoyant weighing 
technique’. The corals were placed in a cement mixer containing 
screened carbonate gravel of 2 cm diameter and flowing sea- 
water. The drum of the mixer was then rotated 20 times in 1 min. 
The corals and abraded fragments were returned to a continuous 
flow aquarium and reweighed. The test fragmented the branched 


Fig. 1 F. scutaria in unstable overturned position will begin 


rolling when subjected to strong current surge (a), presenting a 

larger cross section to water flow. This rights the coral (b, c) and 

leaves it in a stable position (d). Flow patterns over the surface of 

a living coral with a contracted polyp (d) are compared with that 
of the coral with an expanded polyp (e). 
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Table 1 Ability of F. scutaria to right themselves 
Position after 7 d 


Live corals Dead coral 
skeletons 
Inverted Upright Inverted Upright 

Hard bottom with crabs 9 I 10 0 
Hard bottom with crabs 9 1 10 0 
Hard bottom without crabs 9 1 10 0 
Hard bottom without crabs , 10 0 10 0 
Rubble with crabs 4 6 9 1 
Rubble without crabs 3 7 10 0 
Sand with crabs 10 0 9 1 
Sand without crabs 10 0 10 0 





colonial species and removed all tissue on exposed surfaces. 
Fungia remained intact and lost only a small amount of tissue 
and skeletal material on the septal margins and costal spines. 
The septocostal ornamentation fends off the abrasive rubble and 
protects exposed tissue. 

Fungia lost only 1% of its skeleton compared with 40-80% 
Joss for the other species (Table 2). Only the bases of the colonial 
species remained intact. Tissue regeneration in Fungia was 
complete in 5 d. Colonial corals and abraded fragments lost 
most of their tissues and died within a few days. Porites and 
Montipora eventually showed slight regeneration on the 
damaged bases, but approximately 90% of the original tissue 
area was killed. 





Table 2 Abrasion resistance, density and cross sectional area/weight 
ratio of common Kaneohe Bay corals (five corals of each species) 


% Lossin Dry skeletal Cross- 
: abrasion density sectional 
Species test (g cm73) area/ 

buoyant 
weight ratio 

(cm? g) 

Mean s.d Mean s.d. Mean sd. 

F. scutaria ; 14 06 1.86 0.06 0.25 0.03 
Montipora verrucosa 38.8 9.5 1.47 0.12 1.36 0.16 
Porites compressa 474 17.1 1.53 0.06 059 0.12 
Pocillopora damicornis 79.6 68 1.70 O17 0.64 0.16 





Fungia has the highest skeletal density of the species tested. It 
also shows a very low cross sectional area per unit buoyant 
weight, producing a stable low drag profile in moving water 
(Table 2). Specimens weighing as much as 3 kg have a centre of 
gravity within 2 cm of the substratum. Branched species of 
similar mass have a centre of gravity at least 5 cm above the 
substratum, leading to instability and a need for attachment. 
The high density of Fungia and its low surface-to-volume ratio® 
enhance abrasion resistance. 

Thus, in addition to use of muscular activity, hydromechan- 
ical adaptation is a significant factor in many species of solitary 
free-living corals. F. scutaria is typical of solitary shallow water 
fungiids which have evolved hydrodynamically stable abrasion 
resistant skeletons. These corals passively use the surrounding 
energy field of moving water to their advantage, eliminating the 
need for a strong, muscular, active polyp. 

This work was supported in part by the USNSF. 
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Reshedding of Toxoplasma 
oocysts by chronically infected cats 


INFECTION with Toxoplasma gondii is prevalent in man and 
animals, It can be acquired congenitally by the foetus from an 
infected mother?, but also throughout life by eating under- 
cooked meat? or by contact with contaminated faeces of cats?. 
All forms of Toxoplasma lose their infectivity quickly when 
exposed to the environment, with the exception of oocysts shed 
in feline faeces. These are remarkably resistant to ordinary 
environmental influences and can survive in most soil for several 
months’. In the acute phase of infection cats may shed several 
million oocysts in 1-2 weeks. It has been assumed that after the 
acute phase, chronically infected cats are safe as pets® since 
they have acquired immunity and oocysts seldom pass in the 
faeces®—8, I report here the reshedding of T. gondii oocysts by 
chronically infected cats in the absence of exogenous reinfection. 

Twelve cats (four litters) were raised by their mothers from 
birth in my laboratory. Daily faecal examinations from birth 
did not reveal coccidian oocysts. Cats were weaned and bled 
for antibody determination at 83-106d of age. Antibody to 
Toxoplasma was not detected in the sera of weaned cats by the 
Sabin—Feldman dye test. After weaning, all 12 cats were housed 
individually in stainless steel cages. Ten cats (nos 3-12) were 
fed 10} cysts of the M-7741 strain of T. gondii on day 0. Cats 
1 and 2 were not fed Toxoplasma and served as controls. The 
faeces of all cats were examined daily for coccidian oocysts®. 
All 10 inoculated cats shed millions of T. gondii oocysts be- 
tween 4 and 20d after infection with Toxoplasma (Table 1). 
One cat (no. 7) reshed oocysts on day 28 after infection (Table 
1). Three littermate cats (nos 9, 10, 12) spontaneously shed 
Isospora felis oocysts (Table 1). The remaining cats did not 
shed I. felis oocysts. The source of J. felis infection remained 
unknown. 

To investigate interrelationships between T. gondii and other 
feline coccidia the animals were divided on day 30 after in- 
fection with Toxoplasma into two groups of six (A and B). 
Cats in group A (nos 1, 4, 6, 8, 10 and 11) were fed 104 sporu- 
lated oocysts of J. rivolta on day 30 after infection with Toxo- 
plasma and 104 I. felis 13 d later. The effect of superinfection 
with I. felis and T. rivolta on established Toxoplasma infection 
seemed of particular significance in the light of Chessum’s?® 
report that a cat infected with T. gondii for 3 months started 
reshedding Toxoplasma oocysts 10d after it was fed J. felis 
oocysts. 7. felis and JI. rivolta infections are asymptomatic 
in cats? 

Both J. rivolta and I. felis caused patent infections in the 
inoculated cats. I. rivolta oocysts were shed between 6 and 12 d 
after J. rivolta was fed to the cats and I. felis were shed between 
8 and 25 d after J. felis was fed to them. The cats in group B 
did not receive T. felis or I. rivolta and did not shed these 
organisms during this period. Four of five Toxoplasma-infected 
cats in group A reshed T. gondii oocysts beginning on day 10 
after feeding with 7. felis (or day 53 after infection with Toxo- 
plasma); none reshed J. rivolta. Only one cat (no. 9) from 
group B reshed T. gendii oocysts during this period (Table 1). 

On day 61 after infection with Toxoplasma cats in group B 
(nos 2, 3, 5, 7, 9 and 12) were fed 10° I. felis oocysts. All five 
Toxoplasma-infected cats (nos 3, 5, 7, 9 and 12) reshed T. 
gondii oocysts starting 9-14 d after feeding 7. felis (Table 1). 
Cats 9 and 12 that were spontaneously infected with I. felis 
shed fewer Toxoplasma oocysts than did cats 3, 5 and 7 that 
were not previously infected with J. felis. 

Overall, 9 of 10 cats reshed Toxoplasma oocysts. The reshed 
oocysts were identified as T. gondii by mouse to mouse passage. 
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Primary Toxoplasma infection I. rivolta 


Age of Days No. of fed 

cats oocysts oocysts PTID 
Cat no. Group (d) shed shed 30 
1* A 89 None Yes 
2* B 89 None No 
3 B 99 5-18 108 1° No 
4 A 99 417 107 38 Yes 
5 B 99 5-18 10? 27 No 
6 A 106 4-15 10? 5° Yes 
7 B 106 5-16 ' 107-86 No 
8 A 106 5-20 108-18 Yes 
9f B 83 4-11 10 44 . No 
10t A 83 5-16 108 18 Yes 
11 A 83 4-14 107-48 Yes 
12+ B 83 4-15 107 % No 


Table 1 Shedding of Toxoplasma oocysts by cats with or without J. rivolta and I felis fection 





Reshedding of Reshedding of 
I. felis | Toxoplasma oocysts T. felis Toxoplasma oocysts 
fed PTID No. of fed PTID 
PTID oocysts oocysts PTID oocysts oocysts 
43 shed shed 61 shed shed 
Yes None No None 
No None Yes None 
No None Yes 72-84 107 #2 
Yes 53-68 10857 No None 
No None Yes 70-85 107!" 
Yes 53-63 10° 24 No None 
No 28 10°} Yes 70-75 10° 88 
Yes 53-65 108-34 No None 
No 31-33,50 10¢t Yes 75-76 10*f 
Yes None No None 
Yes 53-64 10°17 No None 
No None Yes 72-77 105 22 


ee ee eee 


PTID, post-Toxoplasma infection day All cats except nos. 1 and 2 were fed 10° cysts of the M-7741 strain of T. gondii on day 0. Faeces of 
cats in group A were examined for 1-74 PTID and of group B for 1-85 PTID. Littermates are bracketed together. 

*Cats 1 and 2 remaimed free of Toxoplasma infection throughout the experiment. 

{Spontaneously infected with J. felis (cat 9 shed I. felis on days 2, 3; cat 10 shed 25-34, cat 12 shed 2—4, 9-20 PTID). 

tEstimated number of oocysts in daily sample. Only one or few oocysts seen in faecal-float preparation. 


Reshedding of T. gondii oocysts by 9 of 10 cats within a short 
time (9-14 d) after feeding Z. felis suggests a reactivation of 
latent Toxoplasma infection, probably by ‘interfering with 
immunity to toxoplasmosis in the feline intestine. 

Between 20 and 64% of cats in several surveys contained 
antibody to T. gondii}, indicative of exposure to the organism. 
Many of these cats are presumably permanent carriers of 
Toxoplasma. As I. felis is also a common parasite of cats the 
present findings may have a public health significance, especially 
in homes with pregnant women. It is sound advice for pregnant 
women to handle cat faeces with care irrespective of the Toxo- 
plasma infection status of the catë. 

This work was supported by a research grant from Central 
Ohio Heart Chapter. 
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Inheritance of susceptibility 
to Trypanosoma cruzi 
infection in Rhodnius prolixus 


MILLIONS of cases of Chagas’ disease exist in Central and 
South America’. Apart from being virtually incurable, a 
major problem in this disease is symptomless carriers 
harbour trypanosomes all their lives but it is often 
difficult to demonstrate the parasite’. At present, the 
simplest and most sensitive method of diagnosis’ is to feed 
uninfected triatomine bugs on the suspected case and sub- 
sequently to examine a faecal sample from the bug for 
the presence of trypanosomes There is, however, great 
variation both within and between species of Triatominae, 
in their susceptibility to infection with Trypanosoma cruzi 
(see, for example, refs 4 and 5), and though a genetic basis 
for this variation in susceptibility has been suggested‘, it 


has not been verified. Obviously, the production of a highly 
susceptible strain of triatomine bug that would provide a 
quick and accurate diagnosis of chronic Chagas’ disease 
would be a distinct advantage. I report here on the selection 
of both susceptible and refractory lines of Rhodnius 
prolixus, and the results of this selection programme are 
related to the genetic control of susceptibility to infection 
with T. cruzi. 

Two strains of T.cruzi were chosen for their differing 
characteristics. The Peru strain was originally isolated in 
1963 and after passage in mice was stabilated by cryopre- 
servation’. This highly virulent strain has a prepatent period 
of 8-14 d in mice, and is lethal at 25-30 d following inocula- 
tion of more than 100 organisms’. In contrast, strain 7, 
isolated in Brazil in 1965 and stabilated after passage in 
mice, is of low virulence. This strain also has a pre-patent 
period of 8d, but, unlike the Peru strain, parasitaemia 
declines about 30 d after inoculation, and the mice generally 
recover. 

To study the effect of selection’ on susceptibility in 
R.prolixus over successive generations, a standard system 
was used to infect the bugs and, later, to measure the in- 
fection. TO mice were first used to provide a non-infecting 
feed, given 28d before the infecting blood meal. Six- to 
eight-week-old male mice of the same strain were then 
infected with one or other strain of T.cruzi and used to feed 
the bugs which had moulted to fifth instar larvae. Feeding 
took place either 14d after infection of the mice with the 
virulent Peru strain or 21d after infection with the less 
virulent T.cruzi strain 7. In both cases the mice were 
checked for patent parasitaemia before feeding commenced. 
Bugs were kept individually in glass tubes and maintained 
in incubators at 28 °C and 70% relative humidity. Thirty 
five days after infection, adult bugs were again fed 
on clean mice, and faeces produced by the bugs within 1h 
of feeding were collected in 0.2 ml Hanks solution. Bugs 
which did not feed were removed from the experiment. 
The number of trypanosomes excreted in a 20 ul sample of 
the mixed faecal-Hanks suspension was counted by system- 
atically scanning 100 fields (X 450). In the absence of detect- 
able parasites, the bug was given a further clean feed 14d 
later, and the second faecal sample was examined. If this 
was again negative, the remaining faecal suspension was 
injected intraperitoneally into a non-infected mouse, and 
blood samples examined 14 and 21 d later. 

Where trypanosomes were seen at the first examination 
of faeces, the score represented the number counted in 100 
fields If a bug showed no evidence of infection on all tests 
it was scored as zero, whereas if positive at either the 
second (faecal) or third (blood) test it was assigned an 
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arbitrary score of 1. In all, 1,725 bugs were reared, given an 
infecting feed, and scored in this way. 

Selection was subsequently made from the two parental 
populations of bugs on the basis of individual faecal try- 
panosome scores. A single-pair full-sib mating system was 
followed for both groups of bugs, resulting in 19 F; families 
in the Peru strain group, while in the strain 7 group selec- 
tion was carried one generation further to produce 17 F; 
families. i 

Results showed that selection did not significantly increase 
the proportion of refractory (score zero) bugs in lines 
selected for refractoriness. This suggests that refractoriness 
to infection with T.cruzi is not controlled by alleles at a 
single locus in R prolixus. By ‘contrast, a quantitative 
analysis of faecal scores (transformed to a log (n+1) scale), 
revealed that the intensity of infection sustained by indivi- 
dual bugs is a heritable characteristic. First, significant 
difference (P<0.001) were found between bugs of the 
same generation infected with the two different strains of 
T.cruzi Bugs fed on strain 7 infected mice were found to 
have a mean faecal score almost twice as thigh as that of 
bugs infected with the more virulent Peru strain. Clearly, 
strain differences affect the intensity of infection of indivi- 
dual bugs as well as affecting susceptibility rates** (that is, 
proportions of infected bugs in a population). 

Further analysis of F, and F; families. of R.prolixus 
‘infected with different strains of trypanosome showed 
significant differences in faecal scores between sexes 
(P<0 001), when tested against the considerable variation 
between families. The same was true of F; families infected 
with strain 7. Control weighing experiments to determine 
any possible effect of variation in the size of blood meal or 
faecal sample were negative. There was no significant dif- 


Fig. 1 ` Response to two-way selection for intensity of infection 
with T. cruzi strain 7 1n R prolixus. Cumulated selection differen- 
tials for each generation (weighted according -to the number 
of progeny scored) are plotted against the response to selec- 
tion derived from faecal scores transformed to log (n+ 1) scale, 
sexes averaged Regressions, calculated from 4 high and 5 low 
selection lines, show the’ realised heritability to be 3 6+1.1% 
for increases in intensity of infection and, for reductions in 
intensity of infection, 7.3 +0.9%. This asymmetric response is a 
common feature of two-way selection programmes“ @, F, 
family means; A, F, family means; W, F, family means. 4, 
b = 0.0368+0 0115, B, b = —0.0731 +.0.0091. 
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ference in blood-meal size between male and female fifth 
instar larvae, although it was interesting. to note that adult 
females took significantly larger blood meals than males 
and also excreted a significantly greater proportion of their 
meals within 1h of feeding. Thus, it might be anticipated 
that adult females would have higher scores than males, but 
that is not the’case In fact, male scores were significantly 
greater than female scores in all generations tested. Miles 
et al. failed to detect such a sex-difference, but their con- 
clusion was based on tests with a small number of bugs. 
Significant differences in faecal scores were also found be- 
tween families of all generations infected with either strain 
of trypanosome, reflecting a resemblance between the 
intensity of infection of related bugs—one of the basic 
characteristics of metric traits’. 

Figure 1 shows that selection for high and low levels of 
intensity of infection was successful. Analysis of F; family’ 
scores showed that differences between the selection lines 
were highly significant for both sexes (P<0.001) when 
tested against the variation between families within lines. 
The realised heritability of intensity of infection in 
R.prolixus was calculated from the regression of response 
(r) on selection differential (s)°. The regressions of both 
selection ‘lines being highly significant (P<0 001), the 
divergence of the two slopes provided an estimate of 5.5% 
for the heritability of this character. This low value 
relates to this laboratory colony and could differ for a 
natural population’. : 

Knowledge of genetic mechanisms controlling the sus- 
ceptibility of insect vectors to infection has so far been 
limited to mosquitoes and their malarial and filarial para- 
sites, where to date only major gene control mechanisms have 
been demonstrated”. There have been attempts to 
quantify mosquito susceptibility to Plasmodium gallinaceum 
by counting oocysts*, but significant parént-offspring re- 
gressions could not be shown. The present work has clearly 
shown that intensity of infection with T.cruzi in R prolixus 
is a metric character of low heritability, which is sex 
linked or at least sex limited. For the purposes of aiding the 
diagnosis of chronic Chagas’ disease, it would be desirable 
to breed a colony of bugs that are highly susceptible to the 
multiplication of the few trypanosomes ingested from such 
patients. The present results indicate that’ using-only male 
bugs of a susceptible stock for xenodiagnosis should enhance 
the sensitivity of this diagnostic test for chronic Chagas’ 
disease.: - - 

I thank C. Constantinou for assistance, Dr D. S. 
Ketteridge for supply of trypanosomes and Professor D. S. 
Bertram for his encouragement. This work was financed 
by the Overseas Development Ministry. 
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Functional inactivation of suppressor 
T cells by heat-killed macrophages 


WE have shown that peritoneal exudate macrophages, killed 
by heating at 56 °C for 30 min, can markedly suppress the 
antibody response to heterologous erythrocytes in primary 
Mishell-Dutton cultures’. This heat treatment does not 
destroy the ability of the macrophages to form rosettes 
with sheep red ‘blood cells (SRBCs) in the presence of 
cytophilic antibody, suggesting that some membrane sur- 
faces remain undamaged. The heat treatment, however, 
does prevent the macrophages from excluding Trypan blue 
dye, indicating that the cells are no longer viable. Treat- 
ment of the macrophages at higher temperatures or with 
0.1% glutaraldehyde destroys both their ability to form 
` rosettes and to suppress Mishell—-Dutton cultures. Macro- 
phage membranes, semi-purified by separation on sucrose 
gradients, can act similarly—that is, suppress primary 
Mishell-Dutton cultures and form rosettes with SRBCs in 
the presence of cytophilic antibody (W.P. and R.K.G., un- 
published). The heat-killed macrophages do not diminish 
the viability of the cell cultures even when they are maxi- 
mally suppressive We have interpreted these results to indi- 
cate that the dead macrophages suppress the immune res- 
ponse in culture by absorbing out, and thus rendering 
inoperative, some factors which are necessary for the cell 
interactions which result in the generation of plaque-form- 
ing cells. This contention is supported by the ability of the 
heat-killed macrophages to absorb out the helper activity 
found in the supernatants of mixed lymphocyte reactions 
(W.P. and R.K.G., unpublished). We reasoned that, if 
macrophages could absorb interaction factors, they might 
be able to absorb suppressive factors if they were added to 
a culture in which suppression was occurring and thus 
augment the response of suppressed but not normal cul- 
tures. 

We used a newly described in vitro technique to generate 
educated spleen cells with the capacity to specifically sup- 
press the in vitro response to SRBCs (ref. 2), The suppres- 
sion is mediated by T cells and is antigen-specific when less 
„than 10° educated cells are added to spleen cell cultures. 
We cultured 10° BDF, spleen cells with 210° SRBCs 
according to the Mishell-Dutton technique. Four days later 
we retrieved the educated cells from culture and added 
different doses of them to new primary Mishell-Dutton 
cultures along with 210° SRBCs. Varying numbers of 
heat-killed macrophages were included in the second cul- 
tures which were incubated for a further 4d before assay 
for plaque-forming cells. The results of one such experiment 
are presented in Fig. 1. The horizontal line represents the 
response of normal cultures without educated cells or 
macrophages. Addition of 10° educated cells to 10’ normal 
spleen cells markedly suppressed the anti-SRBC response, 
whereas addition of 10‘ educated cells had no effect and 
served as a contro] for the effect of adding educated cells. 
The addition of 10‘ or 3x10‘ heat-killed macrophages to 
the suppressed cultures produced a moderate augmentation 
of the response, whereas it had no effect on the non- 
suppressed culture The addition of 6X10‘ or 10° macro- 
phages to the suppressed cultures brought their response 
back to approximately normal levels Again this number of 
heat-killed macrophages had no effect on the non-suppressed 
response. Adding 310°, 6X10*° or 10° heat-killed macro- 
phages suppressed the response in all cultures. Interestingly, 
increasing the macrophage dose beyond 3X10° or 6X10° 
cells did not increase the amount of suppression. This 
plateau effect is commonly seen (ref. 1 and W.P. and 
R.K.G., unpublished) and indicates that there is a base 
level of the immune response which the heat-killed macro- 
phages cannot suppress; on the other hand, live macro- 
phages can suppress the response to a 0 Jevel 
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Thus, there seems to be a differential susceptibility of 
suppression and help to the effect of heat-killed macro- 
phages. Low numbers of macrophages can preferentially 
abrogate suppression but cannot bring the response signi- 
ficantly higher than the normal response level. When the 
number of macrophages is high enough to suppress the 
control cultures, they also suppress the cultures which con- 
tain the suppressor cells, probably acting in the latter situa- 
tion by interfering with help rather than by augmenting 
suppression. Whether these differential effects are due to 
different sensitivities of suppressor and helper factors, dif- 
ferences in their affinities for macrophage receptors or 
different numbers or types of receptors and/or macrophages 
is at present under investigation. 

Since ‘heat-killed peritoneal exudate macrophages do not 
augment primary Mishell-Dutton cultures at any dose, and 
can reverse suppression when known suppressor cells are 
added to the culture, as we have shown here, our results 
suggest that some mediators of suppression may have affinity 
for macrophage surfaces Heat-killed macrophages may 
prevent their interacting with their target cells by absorbing 
them from the culture. Of course, the vast body work of 
Feldmann? documenting the importance of the macro- 
phage membrane as a site for lymphocyte interaction sup- 
ports this contention. 

Independent of the exact explanation for the phenomenon 
we have described, the results we have presented have 
practical as well as theoretical significance. They indicate 
that one can use this in vitro technique to determine 
whether a poor response is due to a Jack of stimulation or 
to suppression. One can titrate in heat-killed macrophages 
and if these cells result in an increase of the response, one 
can be reasonably certain that the response of the test cells 
is due to alleviation of suppression. The heat-killed macro- 
phages have no inherent augmentory capacity of their own. 
Note also that the failure of macrophages to augment a 
response cannot be taken as evidence that suppression is 
not present. We do not know whether, in other systems, 
one would find the differential susceptibility of suppression 
and help that we found in this system. We have found, 
however, that heat-killed macrophages can augment the 
generation of cytotoxic killer cells to syngeneic tumour 


Fig. 1 Functional inactivation of suppressor cells by heat-killed 
macrophages. Educated cells were ae by culture of spleen 
cells in vitro with 2x10® SRBCs. The normal response to 
SRBCs of the assay cultures (horizontal line) was suppressed 
by 10° educated cells (hatched columns), whereas 10‘ educated 
cells (open columns) induced no suppression and served as the 
control. Increasing numbers of heat-killed macrophages were 
added to the suppressed or control cultures. 
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cells in vitro (C. Metzler, W.P. and R K.G., unpublished), 
suggesting that the generation of suppressor cells is one 
of the factors contributing to the difficulty in getting a good 
killer-cell response against tumour cells in vitro. In any 
case, the ability to use heat-killed macrophages in in vitro 
responses to document the presence of suppression in the 
cultures should be of help in dissecting out some of the 
complicated interactions between subpopulations of lym- 
phocytes which control the immune response. 
This work was supported by the NCI of the USPHS. 
D D.E. is a recipient of a postdoctoral fellowship from the 
NCI. W.P. was supported by a research grant from the 
WHO 
RICHARD K. GERSHON 
DIANE D. EARDLEY 
WLODZIMIERZ PTAK* 

Department of Pathology, 

Yale University School of Medicine, 

New Haven, Connecticut 06510 


Received March 29, accepted April 27, 1976 


* Present address‘ Department of Clinical and Experimental Immunology, School of 
Medicine, Cracow, Poland 


1 Ptak, W., and Gershon, R K ,J Immun , 155, 1346-1350 (1975) 
2 Eardley, D D , and Gershon, R K ,J Zmmun (in the press) 
3 Feldmann, M , Transplant Rev , 13, 3-34 (1972) 





Onset of acetylcholine 
sensitivity and endplate activity in 
developing myotome muscles of Xenopus 


Tue distribution of acetylcholine receptors and the onset of 
functional innervation at the neuromuscular junction during 
development have been much investigated’°, as have the 
events during regeneration and reinnervation of muscle‘. 
Although the first appearance of acetylcholine (ACh) sensi- 
tivity of the membrane has been charted in chick and mouse 
myoblasts differentiating in tissue culture*, previous studies 
in vivo have either not tested for the initial appearance of 
ACh sensitivity’, or found the muscle membrane to be 
already sensitive to externally applied ACh’. In the present 
study on Xenopus embryos we have followed the initial 
appearance of membrane depolarisation in response to 
applied ACh and the onset of functional innervation in dif- 
ferentiating myotome muscle in vivo. 

Myotome formation from the presumptive mesoderm be- 
gins before the neural tube Closes (stage 17)°, and continues 
up to late swimming stages Figure 1 shows the arrangement 
of cells in the presumptive mesoderm and the fully formed 
myotomes described by Hamilton’; a new myotome is 
formed about every 20 min. The myotomes are innervated 
segmentally by cells in the ventrolateral part of the neural 
tube’’®. Innervation, like myotome formation, begins at the 
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head end and proceeds tailwards. Flexions of the body first 
occurred between stages 21 (8 somites) and 24 (12-15 
somites), the precise time varying between clutches of eggs. 

Membrane potentials were recorded with microelectrodes 
filled with 0.8 M potassium citrate (resistance >100 M; tip 
potential <—8 mV). Embryos (stages 19 to 25) were pinned 
out in a small bath and superfused with Ringer solution 
(NaCl, 120 mM; KCI, 2.5mM; CaCl, 2mM; Tris, 2 mM; 
pH 7.4). The ectoderm was peeled away and the dermatome 
layer of the mesoderm left intact above the myotomes. The 
microelectrode was pushed through the dermatome into the 
muscle cells. Because cells in the myotome have membrane 
potentials 40 mV greater than those of the dermatome” and 
because the two cell layers are not electrically coupled to 
each other", the position of the microelectrode was never 
in doubt. 

Figure 2 shows records taken in 1 of 37 experiments to 
test for acetylcholine sensitivity of the muscle membrane. 
The microelectrode was inserted while an embryo at stage 
21 was superfused with Ringer solution. At 10-min intervals 
the bathing fluid was changed to Ringer containing 
10~™* g ml“’ ACh, which should produce a maximal response; 
if no depolarisation had resulted after several minutes, 
Ringer solution was readmitted. Figure 2a illustrates the 
last test in which ACh was without effect, suggesting that 
the membrane did not yet contain functional ACh receptors. 
Figure 2b shows the prompt and rapid depolarisation of 
44 mV produced by admission of ACh 9 min later. Subse- 
quent tests gave depolarisations of similar time course and 
magnitude. The results of this and eight other experiments 
with test intervals af between 10 and 30 min suggest that 
ACh receptors become functional relatively quickly. On all 
occasions the first depolarisation produced by ACh was as 
great as that produced by subsequent tests, suggesting that 
the response is immediately established at its maximum 
level. In 23 other experiments ACh sensitivity was already 
present when testing began. 

The depolarisation in response to bath-applied ACh was 
always relatively prompt and brought the membrane poten- 
tial to between —12 and —5mV, close to the value 
recorded in adult amphibian muscle, suggesting that the 
reversal potential, and therefore the underlying permeability 
changes, are the same as in adult muscle”. 

After the appearance of ACh receptors, random deflec- 
tions of the membrane potential were recorded, indicating 
that spontaneous liberation of ACh from innervating motor 
nerves had begun. The interval between these two events 
was variable, ranging from 15 min to about 1h; once end- 
plate activity could be recorded, bath application of ACh 
always produced depolarisation. The initial potentials were 
small, possibly miniature endplate potentials produced by 
spontaneous release of ACh without electrical activity in 
the nerve. A period when extremely large spontaneous 
depolarisations (up to 60 mV) were recorded invariably fol- 
lowed. Figure 2c shows a pen record of such activity to- 
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gether with the depolarisation produced by superfusion with 
ACh. A high gain oscilloscope record (Fig. 2d) shows these 
large depolarisations to take the form of summated endplate 
potentials. This activity seems most likely to be the conse- 
quence of action potentials in the motor nerve since very 
large miniature endplate potentials are not normally seen in 
developing neuromuscular junctions’, and the input resist- 
ance of the electrically coupled muscle fibres is not particu- 
larly high. Both the spontaneous activity and the response 
to ACh were blocked by curare. Because electrical coupling 
between the muscle fibres is good”, it was not possible to 


distinguish how many motor nerves contributed to the. 


recorded spontaneous activity. Direct nerve stimulation is 
not possible in this preparation. Mn”* abolished the endplate 
potentials, but not the response to perfusion with ACh. 
Figure 2e illustrates the ACh depolarisation in a prepara- 
tion made silent by the addition of 2mMMn?* to the 
bathing fluid. f 3 
Muscle action potentials were sometimes recorded before 
any visible endplate activity, although they usually appeared 
after spontaneous liberation of acetylcholine from the 
nerve had begun. In spite of high resting membrane poten- 
tial, the earliest action potentials did not initiate muscle 
contraction, which was never seen before spontaneous end- 
plate activity could be recorded. These findings make the 
suggestion that early flexions Xenopus embryos are 
myogenic in origin® extremely unlikely. It seems more prob- 
able that early movements are initiated by discharge from 
the motor nerves and achieved by transmission of the 
depolarisation from one myotome to the next along the low 
resistance intercellular pathway, as described by Blackshaw 
and Warner”. i i z 
These experiments show that formation of the first func- 
tional neuromuscular junctions in Xenopus takes place be- 
tween segmentation of the fourth and fifteenth myotome. 
The sequence of events is summarised in Fig. 3, where the 


appearance of functional ACh receptors has been put at, 


stage 214, with flexions beginning at stage 24 (about 2h 
later). The onset of this sequence varied from clutch to 


Fig. 2 Membrane potential records taken during tests for 
acetylcholine sensitivity of myotome muscle membrane. a, 
Embryo stage 21: 10-4 g ml-? ACh has no effect on the resting 
potential of a myotome muscle cell. E,, = —70mV b, Same 
embryo 9 min later: 10-4g ml-! ACh now produces large de- 
polarisation. c, Embryo stage 24: spontaneous depolarising 
activity in muscle cell together with response to 10-‘ g mi~ ACh. 
Em = —715 mV. d, Oscilloscope record to show spontaneous 
activity takes the form of summated endplate potentials. Note 
two miniature e p.p.s on rest of trace. Stage 23: e, Depolarisation 
produced by 10-g mi~ ACh in preparation made silent by 
addition of 2 mM Mn?* to the bathing fluid. 
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Fig. 3 Diagram to show sequence of events during differen- 

tration of functional neuromuscular junctions in myotome muscle 

of Xenopus. Action potential generation in the muscle membrane 
may appear anywhere between stages 19 and 23. 


clutch so that receptor appearance could occur as early as 
stage 19 with flexions following 2h later at stage 21. On 
occasion however, the whole sequence from the appearance 
of ACh sensitivity was compressed into as little as 0.5h. 
Thus both the timing of the initial insertion of ACh 
receptors and the length of time taken to establish func- 
tionally innervated, contracting muscle showed consider- 
able variation from ‘embryo to embryo. This implies that 
the development programme does not specify a precisely 
interrelated timing schedule for this sequence, suggesting 
that each event is to some extent independent. 

The abrupt initial appearance of functional ACh recep- 
tors and the speed of subsequent events culminating in the 
establishment of the first neuromuscular junction, seems, 
at first sight, surprising. The overall speed of development 
of Xenopus, however, which moves from fertilised egg to 
flexing tadpole in only 27h, makes a fast rate of this, and 
all other developmental sequences, inevitable. 

The appearance of spontaneous endplate potentials could 
mark the time when the nerve ending first makes contact 
with the muscle. On that view acetylcholine sensitivity in 
the muscle membrane is established some time before the 
arrival of the nerve ending and could, therefore, serve in 
some way to guide the nerve to its final destination. The 
results are equally compatible with the view that the release 
of ACh does not begin until some time after the arrival 
of the nerve, functional connection being a relatively late 
event in the formation of the neuromuscular junction. De- 
tailed anatomical studies, correlated with electrophysio- 
logical studies of the kind described here, might, enable this 
point to be resolved. 

We thank the MRC for support. 
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Differential circadian rhythms in pineal 
and hypothalamic 5-HT induced by 
artificial photoperiods or melatonin 


CHANGES in daylength are principally responsible for synchro- 
nising breeding with time of year in mammals and birds?: for 
example, ferrets begin to breed in spring and oestrus ends in 
autumn. Oestrus can be provoked by exposure to long photo- 
periods (such as 14h light: 10h dark, LD 14 : 10) during 
winter? and can be terminated prematurely if short photo- 
periods (LD 8 : 16) are given during summer®. The pineal is 
essential for both effects, which are prevented by removal of 
the gland*4 or its autonomic nerve supply® from the superior 
cervical ganglia (C.A.Y. unpublished results). The pineal 
contains large concentrations of the transmitter 5-hydroxy- 
tryptamine (5-HT), which has been implicated in the neural 
control of circadian rhythms, which themselves may be related 
to the genesis of annual rhythms?. In the pineal of the rat 
concentrations of 5-HT vary in phase with photoperiod, and 
this rhythm is prevented by ganglionectomy*. Inhibition of 


Fig. 1 Circadian rhythms in 5-HT concentrations in various 
areas of brain, from ferrets kept for 8 weeks ın either short 
(LD 8 : 16) (a-d), or long (LD 14 : 10) (e-f) days. a, e, Pineal 
gland; b, f, hypothalamus; c, g, midbrain; d, h, cerebral cortex. 
Levels in the hippocampus (not shown) were similar to those in 
the cerebral cortex. Five or six animals were killed by decapita- 
tion 30 min, 6, 11, 14 and 18h after the lights came on 5-HT 
levels in the pineal, whole hypothalamus, midbrain and in 
samples from ventral hippocampus and dorsal cerebral cortex 
were measured fluorometrically?*. Each point 1s the mean +s.d 
In ng per mg wet tissue, except in the pineal (ng per gland) which 
weighs about 1 mg The hatched areas signify the dark part of 
the photoperiod. The figure in parentheses ıs the F ratio of the 
mteraction (light treatment x time of day) derived from a 
two-way analysis of variance. *P <0 001; {Not significant. 
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cerebral 5-HT synthesis prevents circadian rhythms in concen- 
trations of both plasma adrenal corticosteroids’ and luteinising 
hormone®. Lesions of the suprachiasmatic nuclei, which contain 
large concentrations of 5-HT®°, abolish circadian rhythms in 
eating and diinking*?, in running)? and in concentrations of 
pineal n-acetyltransferase’*, which is the rate limiting enzyme ın 
the synthesis of melatonin, a putative pineal hormone. The 
pineal must transmit information about photoperiod to neural 
structures regulating the pituitary, but the nature of the link 
is unknown. We report here that exposure of ferrets to either 
long or short photoperiods induces differential 5-HT rhythms 
in the pineal and hypothalamus, which are abolished by auto- 
nomic denervation, and that melatonin induces 5-HT rhythms 
characteristic of animals kept in short photoperiods. 

In the first experiment, mature female ferrets were exposed 
to either long (LD 14: 10) or short (LD 8 : 16) photoperiods 
for 8 weeks, the interval required to activate or inhibit oestrus?" 
The ovaries were removed to prevent long days from selectively 
inducing oestrogen secretion. Illumination was from fluorescent 
tubes with a spectral output similar to that of daylight; feeding 
times and temperature fluctuations were similar under long 
and short photoperiods. 

Figure 1 (a-d) shows that the circadian rhythm in 5-HT was 
similar in each brain area examined from animals kept in 
short photoperiods in spite of considerable differences 
between them in absolute values. Levels declined during the 
first 6 h of the photoperiod, rising again during the early part 
of the dark phase. In long photoperiods, however, the rhythm 
was different ın the pineal and the hypothalamus (Fig. le and f). 
The rhythm in the pineal was attenuated, and this apparent 
difference was confirmed by a significant interaction between 
light treatment and time of day. There was also a striking 
difference: in the 5-HT rhythms in the hypothalamus, levels 
rising during the first 6 h of the long photoperiod, the opposite 
of the situation observed during short days. 

Circadian changes in 5-HT in midbrain, cerebral cortex and 
hippocampus appeared to be similar in long and short photo- 
periods (Fig. lg and A) and there was no significant effect 
attributable to the interaction between the light regimes and 
time of day in these areas. Thus, two structures (pineal and 
hypothalamus) known to be concerned with the initiation 
of oestrus by long photoperiods show distinctive rhythms of 
5-HT concentration in this condition, whereas the other areas 
examined do not. 

In the second experiment, the preganglionic fibres to the 
superior cervical ganglia were severed (decentralised) 5-6 d 
before the animals were exposed to long or short photoperiods 
as in the first experiment. Figure 2 shows that circadian 5-HT 
levels were now similar in both photoperiods, and that those in 
either the pineal or the hypothalamus no longer exhibited a 
significant interaction between light treatment and time of day 
(Fig. 2c and d). The midbrain, cerebral cortex or hippocampus 
again showed no differential effects of light, as in the first 
experiment. The standard deviations of each point in Fig. 2 
are conspicuously larger than those in Fig 1, suggesting that 
the 5-HT rhythms of decentralised animals might have been 
“free running”, though this conclusion cannot be substantiated 
on the evidence presented here. Thus, a procedure which 
prevents the reproductive system of the ferret from responding 
to either long or short days also prevents the differential effects 
of the two photoperiods on 5-HT levels in the pineal and the 
hypothalamus. 

Melatonin has been shown to affect cerebral 5-HT levels in 
rats. Injected 8 h after the onset of a photoperiod (LD 14 : 10), 
it abolished the circadian rhythm in pineal 5-HT, whereas 
treatment at 14h was ineffective’. It may also increase hypo- 
thalamic and midbrain 5-HT levels'®. Melatonin also replicates 
at least three of the effects of short photoperiods on the ferret’s 
reproductive system, since it terminates the breeding season 
prematurely*, antagonises the effects of long photoperiods on 
the initiation of oestrus?* and restores photosensitivity to ferrets 
made photorefractory by prolonged exposure to long days*. In 
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Fig. 2 Levels of 5-HT in the pineal (a, c) and hypothalamus (6, d) 

of ferrets kept in short (a, 6) or long (c, d) photoperiods, after 

bilateral ‘‘decentralisation” of the superior cervical ganglia 
See Fig. 1 for further details. 


the third experiment, therefore, two groups of ovariectomised 
ferrets were exposed to long photoperiods. The first received 
melatonin (1 mg d-) dissolved in arachis oil for 8 weeks, the 
second, control injections of oil. Injections were given 8 h after 
the onset of light, a time corresponding to the start of the dark 
phase in the short daylight regime used in the previous two 
experiments. Melatonin synthesis, in rats at least!”, seems to be 
accelerated during this dark phase. Figure 3a and b shows that 
melatonin given in this way to animals exposed to long photo- 
periods caused 5-HT rhythms in both pineal and hypothalamus 
characteristic of ferrets kept in short-days in the first experiment. 
Control injected animals (Fig. 3c and d) showed the rhythms 
expected for long-day conditions. Thus, a treatment which 
replicates some of the actions of short days on reproduction in 
ferrets also reconstitutes the short-day 5-HT rhythms in the 
pineal and the hypothalamus. The site at which melatonin acts 
to produce such effects in the ferret cannot be determined from 
these experiments. 

We do not know whether the 5-HT rhythms reported here 
are directly concerned with reproduction, although 5-HT 
infused into the cerebral ventricles can alter gonadotropin 


Fig. 3 Levels of 5-HT in the pineal gland (a, c) and hypothalamus 

(b, d) of ferrets kept in long photoperiods, given either 1 mg d~! 

of melatonin (a, b) or arachis oil (c, d) 8 h after the start of the 

photoperiod (the time of injection is shown by arrows). See 
Fig. 1 for further details. 
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secretion in rats!® and sheep™. If they are, they might represent 
the neural basis for a variation on the Bunning hypothesis2° 
which suggests that different photoperiods could shift the 
circadian photosensitive phase?!. It seems equally possible that 
localised 5-HT rhythms may reflect part of the process which 
promotes or inhibits hypothalamic mechanisms concerned with 
gonadotropin secretion in appropriate environmental condi- 
tions. The latter interpretation receives some support from 
other (unpublished) experiments by us showing that oestrogen 
treatment, which presumably activates negative feedback 
mechanisms on the pituitary, attenuates 5-HT rhythms in both 
pineal and hypothalamus in either long or short day conditions. 
Whatever the interpretation, differential 5-HT rhythms in the 
pineal and hypothalamus could allow the animal’s neuro- 
endocrine system to discriminate between photoperiods which 
have the greatest significance for its reproductive function. 

This work is supported by a grant from the ARC, and by an 
SRC Studentship to C.A.Y. We thank Mr D. Walters for 
Statistical advice. 
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Muscarinic agonists 
provide a new class of acaricide 


THE resistance of ticks to chemical methods of control is 
an increasingly serious problem'~, and new classes of com- 
pounds with high acaricidal activity and low mammalian 
toxicity are needed urgently. In the search for novel 
acaricides the nervous system is a prime target, and, in spite 
of evidence about the role of y-aminobutyrate and gluta- 
mate in arthropod nervous transmission, acetylcholine is 
the only well established neurotransmitter**. So far only 
acetylcholinesterases have achieved an important role in 
the disruption of cholinergic neurotransmission. Anti- 
cholinergics, such as atropine, are ineffective, and cholino- 
mimetics other than nicotine have been little investigated. 
We now report that certain muscarinic agonists are potent 
acaricides. 

Known muscarinic agonists were tested for activity 
against the tick Boophilus microplus, using a strain resistant 
to organophosphorous insecticides (Biarra), and a susceptible 
strain (Yeerongpilly). Engorged females (2x6) were dipped 
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in a solution of the test compound in methanol-acetone 
(1:1), dried on filter paper, and stored in vials for 4 weeks 
at 25°C and 85% relative humidity. The concentration of 
compound required to prevent the production of viable 
eggs was taken to be the LCi. The results are shown in 
Table 1, along with those for nicotine and the organo- 
phosphorous insecticide pyrimithate (Diothyl, ICI) as 
references. No significant differences were observed between 
results for Yeerongpilly and Biarra strains for the cholino- 
mimetics, but pyrimithate was inactive against the latter. 
The ixodicidal activity of the muscarinic agonists 
examined parallels to a large extent the activity observed in 
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vertebrate systems. Thus arecoline and pilocarpine have a 
similar level of activity (on a weight basis) and are con- 
siderably less potent than oxotremorine’®’. Similarly com- 
pound 7, which has 10-20% of the activity of oxotremorine 
in vertebrate systems’, is about 20% as active against 
ticks. Quaternisation of the nitrogen atom generally caused 
a marked decrease in ixodicidal activity, possibly due to 
poorer penetration, since compound 8, for example, is more 
active than the tertiary-amino compound {7) in ver- 
tebrates"'**, although the methiodides of arecoline and 
oxotremorine are reported to be less active than the tertiary 
amines’. Tremorine, which is oxidised in vivo to oxotre- 


Table 1 The toxicity of muscarinic agonists to Boophilus microplus (Yeerongpilly strain) 


Compound no Name 


1 Arecoline 


2 Arecoline methiodide 
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3 Pilocarpine 


4 Oxotremorine 


5 Oxotremorine methiodide 
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morine by mammals“, showed only slight activity against 
ticks. 

It is interesting that oxotremorine is considerably more 
potent than both nicotine and the reference organophos- 
phorous compound. The cholinomimetics also showed 
activity against mites, but were completely inactive against 
Musca domestica (adults), Aedes aegypti (larvae), and 
Lucilia pericata (larvae). Further work is required to 
determine whether this difference between Insecta and 
Acarina is morphological or biochemical in origin. 

In conclusion, the muscarinic agonists examined are 
acaricidal, and in some cases are highly potent. We suggest 
that this unexploited biochemical lesion may provide a 
useful starting point for the design of new acaricides. 

We thank Dr F. S. Downing for the routine screening of 
compounds. 
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Transmission without spikes between 
locust interneurones and motoneurones 


Many neurones, particularly in sensory systems of both 
vertebrates and invertebrates, do not produce action poten- 
tials’*. In motor pathways within the central nervous 
system of arthropods there are interneurones whose slow 
changes in membrane potential can affect the frequency of 
action potentials in motoneurones**, Some of these inter- 
neurones normally produce spikes“, but others apparently do 
not“. We have studied the properties of synaptic transmis- 
sion between these non-spiking interneurones and moto- 
neurones in the locust, Schistocera gregaria, in the course 
of investigating the integrative mechanisms underlying the 
generation of motor patterns’. 

Intracellular recordings were made in the metathoracic 
ganglion* from dorsally located somata of hindwing and 
hindleg motoneurones, identified physiologically by simul- 
taneous extracellular recordings from appropriate muscles. 
Each motoneurone was individually identified so that intra- 
cellular recordings could be made from the same neurone in 
different locusts. Non-spiking neurones were penetrated 
intracellularly in the dorsal neuropile close to the neuro- 
pilar processes of the motoneurones. Most recordings were 
made with electrodes filled with potassium acetate but some 
were made with electrodes filled with cobaltous chloride? 
to allow the subsequent staining of the motoneurones and 
non-spiking neurones (Fig. 1). The non-spiking neurones 
have profuse arborisations within the metathoracic gang- 
lion, but have no projections to other ganglia, nor any 
Processes emerging in peripheral nerves; hence they are 
intraganglionic interneurones. 

In a quiescent locust these interneurones are modulated 
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Flexor motoneurone 


Fig. 1 Drawings of an interneurone and a motoneurone stained 
by intracellular injection of cobalt as viewed dorsally in a whole 
mount preparation of the metathoracic ganglion. The neurones 
were filled on the same side in different locusts but for clarity are 
drawn on opposite sides of the same ganglion. Left, the lateral 
fast flexor motoneurone of the left hind tibia whose soma 1s on 
the dorsal surface of the ganglion; right, an interneurone whose 
soma is ventral, which when depolarised resulted in a depolaris- 
ation of this flexor motoneurone. The extensive arborisations of 
` the two neurones overlap in all three dimensions. 


Interneurone 












Interneurone 


5 mV 
Motoneurone 
4 mV 


200 ms 


Fig. 2 Spontaneous and evoked sequences of synaptic potentials 
in a fast motoneurone innervating the flexor tibiae of the hind leg 
(lower traces) and in a presynaptic non-spiking interneurone 
(upper traces). a, In a quiescent locust both the interneurone and 
the motoneurone are modulated by a steady stream of synaptic 
potentials. b, Imposed extensions of the tibia of the hind leg, 
beginning at the upward arrows, result in a depolarisation of the 
motoneurone and a hyperpolarisation of the interneurone. 
c, Flexions of the tibia evoked by touching the head are accom- 
panied by a depolarisation of the interneurone. Potentials of the 
flexor tibiae muscle are monitored extracellularly on the third 
trace. 
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by a steady stream of synaptic potentials, but do not spike 
(Fig. 2a). Imposed or evoked movements of the joint whose 
motor units they affect result in changes’ in the membrane 
potential of the interneurone (Fig. 2b and c). The inter- 
neurones do not spike, either as a result of synaptically 
driven depolarisations, or in response to an injected 
depolarising current as high as 50 nA. This current strength 
is at least ten times that needed to evoke spikes when 
injected into the neuropilar segment of a motoneurone. 
Currents as low as 2nA injected into an interneurone result 
in a change in the membrane potential of motoneurones. ' 

We have observed three effects on motoneurones of pass- 
ing current into interneurones: first, an applied depolaris- 
ation of an interneurone results in the depolarisation of a 
motoneurone (Fig. 3a, i-iv); second, a depolarisation results 
in the hyperpolarisation of a motoneurone (Fig. 3b, i-iii); 
third, in some interneurones that produce the second effect, 
hyperpolarisation results in the depolarisation of the moto- 
neurone (Fig. 3, iv). Single interneurones have postsynaptic 
effects upon more than one motoneurone, as revealed by 
changes in the frequency of extracellularly recorded poten- 
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tials in muscles innervated by other motoneurones (Fig. 35). 

The following analysis is concerned with the properties of 
transmission between interneurones and motoneurones when 
an interneurone is depolarised. Transmission is graded. A 
pulse of curent lasting a few hundred ms injected into an 
interneurone results in a slow change in the membrane 
potential of the motoneurone. There is no effect on the 
motoneurone if the same amount of current is passed when 
the electrode is just outside the interneurone. With intra- 
cellular stimulation of the interneurone, the amplitude of 
the slow change is linearly related to the magnitude of the 
depolarising current over the range tested (Fig. 3c). At 
higher current strengths the postsynaptic depolarisations 
can be large enough to evoke action potentials in the moto- 
neurones. Brief pulses injected into an interneurone result 
in changes in the membrane potential of the motoneurone, 
which vary continuously with the strength of the applied 
current (Fig. 3d) At no time during brief stimulation of 
the interneurone does the membrane potential of the moto- 
neurone change abruptly as would be expected if the inter- 
neurone itself, or an intervening interneurone, had spiked. 


Fig. 3 Effects of non-spiking interneurones (first traces) upon a fast motoneurone (second traces) innervating a bifunctional muscle, the 
tergotrochanteral. This muscle elevates the hind wing in flight and depresses the trochanter of the hind leg in walking. a, iiy, An inter- 
neurone which when depolarised results in a graded depolarisation of the motoneurone in a ganglion with all peripheral nerves cut. Current 
(third traces) was injected through the high resistance recording electrodes by means of a bridge circuit which was out of balance except at 
the lowest current strengths. b, A second interneurone in another locust affecting the same tergotrochanteral motoneurone: i-iii, depolari- 
sation results in a graded hyperpolarisation of the motoneurone; iy, hyperpolarisation of the interneurone results in a slight depolarisation 
of the motoneurone which presumably indicates a decreased rate of release of transmitter. The third traces monitor the extracellular 
potentials of some coxal muscles of the hind leg whose motoneurones are also affected by this interneurone; the downward deflections are 
from the anterior adductor of the coxa, whose potentials are reduced in frequency when the interneurone is depolarised; the upward 
deflections are from another coxal muscle that is excited when the interneurone is hyperpolarised. The fourth traces monitor current. 
c, The graded nature of the transmission between the interneurones and the tergotrochanteral motoneurone is indicated by the relationship 
between presynaptic current and the change in postsynaptic voltage. Triangles are measurements taken from records of the interneurone- 
motoneurone pair shown in a; circles are from the pair shown in b. The voltage of the motoneurone was measured 300 ms after the onset 
of the stimulus. d, 1.5-ms current pulses of increasing strengths injected into the interneurone shown in b result in graded changes in voltage 
in the motoneurone. Calibration—Voltage: a, motoneurone 3.8 mV, interneurone 20 mV; b, motoneurone 7.7 mV, interneurone 20 mV; 
d, motoneurone 1.5 mV; interneurone 15 mV: current: a, 33 nA; b, 17 nA; c, 75 nA. Horizontal: a, b, 400 ms; d, 14.5 ms. 
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The most economical interpretation of the graded effect ‘is 
‘that the interneurones synapse directly upon the moto- 
neurones. The synaptic delay cannot be measured accurately 
because transmission is graded. Pulses (1 ms) of current 
injected into an interneurone are followed within 1 ms by 
a voltage change in the motoneurone, a delay similar to 
that observed between spiking interneurones and leg moto- 
neurones of the locust. The gross anatomy is consistent with 
a monosynaptic connection because there is considerable 
spatial overlap in the neuropile of the fine branches of an 
interneurone and a motoneurone upon which it exerts an 
effect (Fig. 1). 

The connections between the interneurones and moto- 
neurones that we have encountered so far, seem to be 
chemically and not electrically mediated, for the following 
reasons. First, current of either polarity injected into a 
motoneurone has no effect upon the membrane potential 
of the presynaptic interneurone. Spikes in the motoneurone 
are not reflected in the interneurone. Second, a brief square 
wave depolarising pulse injected into an interneurone decays 
rapidly, but evokes a potential in the motoneurone that can 
persist for 45 ms (Fig. 3d). This prolonged effect is probably 
the result of transmitter release from the interneurone. It 
is not the result of passively charging the motoneurone 
through an electrical synapse, because the postsynaptic 
potential reaches its peak some 10 ms after the end of the 
stimulus, and is asymmetrical. Third, in those interneurones 
where depolarisation results in the hyperpolarisation of a 
motoneurone, the reversal of sign is most easily explained 
by supposing that the depolarisation increases the rate of 


release of a transmitter substance that has an inhibitory, 


effect upon the motoneurone. Fourth, there is often a pro- 
gressive increase in the transmembrane voltage fluctuations 
recorded in a motoneurone as it is depolarised by increasing 
amounts of current injected into an interneurone (Fig. 3a). 
Increased ‘fluctuations of voltage have not been observed 
when a motoneurone is hyperpolarised by depolarisation of 
an interneurone. This is a consistent observation but we 
have no evidence which would favour one of many possible 
explanations. Current injected directly into the moto- 
neurone, causing a similar shift of its membrane potential, 
does not give rise to an increase in the fluctuations of the 
transmembrane potential. The increased fluctuations in 
voltage on depolarisation can therefore be attributed to 
synaptic transmission. They are not caused by spikes in 
sensory feedback loops, as they are still recorded in a gang- 
lion with all its peripheral nerves cut. There remain two 
possible explanations as to their origin. First, the inter- 
neurone has a direct connection with the motoneurone, but 
also excites spiking interneurones that in turn synapse on 
the motoneurone. This possibility of parallel pathways can- 
not yet be eliminated. Second, the voltage fluctuations 
could result from the release of transmitter from the inter- 
neurone directly on the motoneurone. This may be the 
only mechanism or it may operate in conjunction with the 
first mechanism. The effect is similar to that seen in a frog 
muscle fibre when the terminals of its motoneurone are 
depolarised by pulses of current which do not evoke action 
potentials. At the frog neuromuscular junction the voltage 
fluctuations result from the random release of transmitter 
substance and a similar explanation may be appropriate for 
the non-spiking interneurones of the locust. We conclude 
that the non-spiking intraganglionic interneurones modulate 
the membrane potential of motoneurones by graded release 
of transmitter through monosynaptic pathways. 

This work was supported by a grant from the Nuffield 
Foundation. M.B is the Balfour Student. 

M. Burrows 
M. V. S. STEGLER 

Department of Zoology, 
University of Cambridge, 
Cambridge CB2 3EJ, UK 


Nature Vol. 262 July 15 1976 


Received March 15; accepted May 26, 1976. 


1 Ripley, S. H., Bush, B. M. H , and Roberts, A , Nature, 218, 1170-1171 (1968). 
2 Werblin, F. S , and Dowling, J. E., J. Neurophysiol , 32, 339-355 (1969). 

3 Shaw, S R,J Physiol., Lond , 220, 145-175 (1972). 

4 Mendelson, M , Science, 171, 1170-1173 (1971) i 

5 Pearson, K_G., and Fourtner, C. R , J. Neurophysiol., 38, 33-52 (1975). 

6 Maynard, D M., and Walton, K D , J comp. Physiol., 97, 215-243 (1975). 

7 Burrows, M., J exp. Biol , 63, 713-733 (1975) 

8 Hoyle, G., and Burrows, M., J. Neurobiol., 4, 3-41 (1973). 

? Pitman, R. M., Tweedle, C. D , and Cohen, M J., Sctence, 176, 412-414 (1972). 
10 del Castillo, J., and Katz, B., J. Physiol., Lond , 124, 586-604 (1954). 


A a Ea EP ES 





Microelectrode measurement of the 
intracellular pH of mammalian heart cells 


RECESSED-TIP pH-sensitive microelectrodes! can be made sharp 
enough to be used on mammalian muscle cells. They permit not 
only the direct measurement of the intracellular pH (pH;), but 
also the continuous recording of changes in pH, during experi- 
ments lasting for several hours. We report here the first measure- 
ments of the pH; of mammalian cardiac tissue made with this 
type of pH-sensitive microelectrode. Apart from one report of 
experiments with an open-tipped microelectrode?, the only 
previous determinations of cardiac pH, have been made by the 
CO, or DMO methods?, which are indirect and can detect 
only very slow changes. Earlier designs of pH-sensitive glass 
microelectrodes have been of little use because of their large 
size. The recessed-tip design (Fig. 1) lacks this drawback, as 
only its extreme tip, which can be as small as 0.5 um in diameter, 
needs to be inside the cell. We have used these electrodes 
successfully in ventricular muscle preparations from several 
animals, but the results described here are confined to those 
obtained with sheep heart Purkinje fibres. 

Our experimental arrangement is illustrated in Fig. 1. Free- 
running single Purkinje fibres were cut from sheep ventricles. A 
little side wall material was left attached to pin the fibre in the 
perfusion chamber where it was superfused at 35 °C. A record- 
ing from an experiment with this tissue is shown in Fig. 2. The 
pH-sensitive microelectrode recorded the membrane potential 
of a Purkinje fibre cell, minus an offset voltage proportional to 
PH, while a neighbouring cell was impaled with the KCl 
microelectrode. The KC] microelectrode output voltage was 
subtracted electronically from that of the pH electrode so that 
when both electrodes were intracellular, a pH; recording could 


Fig. 1 Diagrammatic illustration of the preparation pinned into 
the experimental chamber. It was superfused continuously, and 
impaled with a conventional, KCI-filled microelectrode (left), 
and the pH-sensitive microelectrode (right). A diagram (not to 
scale) of ~ 02 mm of the trp of the latter is shown at the top. 


pH-sensitive glass 


insulating 
micropipette 


ae pH = 


—_ 





Nature Vol. 262 July 15 1976 


be obtained (Fig. 2, lower trace) which was independent of any 
changes in membrane potential. (Ideally both electrodes should 
be in the same cell. This is theoretically possible, but in practice 
it was found difficult to obtain good penetrations with both 
electrodes when the interelectrode distance was < 100 um.) In 
this experiment, the preparation was perfused initially with 
saline equilibrated with 5% CO, 95% O.. External CO, 
was then removed by changing the perfusion solution to 
one equilibrated with 100% O. This produced a transient 
increase in pH, followed by a partial recovery to a level higher 
than in the absence of CO,. On return to 5% CO, there 
was a transient pH, decrease followed by a return to the control 
level. Essentially similar recoveries from changes in pH, when 


10 min 
items | 


Jop PH 
ama 
4 
a | 
7.6 pH 6.4 


100 yA O; 


Fig.2 Pen recording of an experiment to measure pH; and the 
response to removal and replacement of external CO,. The 
membrane potential was recorded by a conventional micro- 
electrode (top trace) and the pH; obtained when the pH-sensitive 
electrode is also intracellular (bottom trace). The pH-sensitivity 
of the electrode was tested (right) by a reduction of the solution 
pH to 6.40 (both electrodes extracellular). The pre tions 
were perfused with a bicarbonate-buffered modified Tyrode 
solution composed of 140 mM Na*,4mM K+, 2mM Ca?*, 1 mM 
Mg?*,2mM pyruvate, 10 mM glucose, chloride and bicarbonate 
(reciprocally varied) to give a pH of 7.40 at 35°C. The bicarbonate 
required was determined experimentally by titration. CO, levels 
were determined by a CO, gas analyser. These varied in nomin- 
ally 95 % O,: 5 % CO, gas cylinders from 4.25 to 4.79 % CO, 
(mean 4.61). Thus the bicarbonate concentration ranged from 
17.5 to 22 mM. In the absence of CO, and bicarbonate, solutions 
contained 10mM HEPES (N-2-hydroxyethyl piperazine-N-2- 
ethanesulphonic acid) buffer (also at pH 7.40). The changes in 
the pHi when CO, was removed were not altered when Tris- 
maleate buffer was substituted for HEPES. 


CO, was changed have been observed in crab muscle‘, squid 
axon? and snail neurones. 

The results from a total of 14 experiments are summarised in 
Table 1. The mean pH, in the absence of CO, is close to 7.2 and 
is significantly higher than when CO, is present. In general, our 
values for pH, are somewhat higher than those obtained 
previously using the DMO technique in dog heart: 6.77 (ref. 7), 
6.86 (ref. 8), and 7.01 (ref. 9) although Benson ef al.” have 
reported similar values to those we have found. Lavellée* used 





Table 1 Intracellular pH and membrane potential 


Equilibration gas pHi Em (mV) 
100 % O, 7.20 + 0.05 71.8 + 3.7 
95 %03:5 %CO, 7.02 + 0.04 78.1 + 2.5 





Results are means + s.e.m.; n = 14. Those from preparations with a 
membrane potential in 5 % CO, of < 60 mV were rejected. 
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Fig. 3 Change in membrane potential (top) and pHi (bottom) 

when the external CO, level was changed from 4.7 % to the 

levels indicated. The bicarbonate concentration (20.5 mM) was 

maintained constant so that the external pH varied from 7.40 in 

the control solution to 7.70 and 7.19 respectively in the two test 

solutions. The potassium “ee in this experiment was 
mM 


open-tipped pH-selective microelectrodes and found a pH; of 
6.9 in rat atrial fibres (stimulated at a rate of 200 min). 

From experiments of the type illustrated in Fig. 1 it is clear 
that pH, is greatly influenced by CO, in the equilibration gas. 
We have used different CO,:O, mixtures to see how pH, varies 
with alteration of the external pH, and the results of an experi- 
ment of this type are illustrated in Fig. 3. All solutions contained 
the same bicarbonate concentration and were equilibrated 
with the CO, levels indicated. (The pH of these mixtures being 
measured for each experiment.) Alteration of the CO, content 
produced a change in pH; to a new steady level within ~ 10 
min, presumably by the reaction 


CO, + H:O = H;CO, = H+ + HCO,- 


A linear relationship was found between pH, and the external 
pH, but the pH, change was only ~ 40 per cent of the change in 
external pH. This difference is caused by intracellular buffering. 

These responses differ from those observed when the bicar- 
bonate concentration is altered as well as the CO, content to 
maintain a constant external pH. In this case, the responses are 
similar to those shown in Fig. 1, that is, a large transient initial 
pH, change followed by a partial recovery to a level nearer that 
of the control. 

Direct measurement of pH, with recessed-tip pH sensitive 
microelectrodes thus enables continuous recording of previously 
undetectable transient changes. The results show that alteration 
of CO, levels produces rapid changes in pH. The partial recovery 
of these changes when external pH is unchanged suggests the 
presence of some sort of H* pump in the cell membrane. 

We are grateful to the MRC for support. 
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Origin of plasma a,HS-glycoprotein 
and its accumulation in bone 


We have shown previously that a glycoprotein constituent 
of calcified cortical bone matrix is immunochemically 
identical to a component of blood plasma™?. In bone and 
dentine this specific a-glycoprotein is concentrated in 
amounts relative to plasma albumin but is not present at 
greater concentrations than in plasma in various other 
tissues. This material, although mainly present in extra- 
vascular sites in bone, could originate from the plasma 
because it represents a substantial proportion of the radio- 
activity in bone tissue 12 d after injection of “C-total plasma 
glycoprotein’. Rabbit bone a-glycoprotein is analogous to 
human @HS-glycoprotein®, which is located in mineralising 
areas in normal human bone matrix’. To our knowledge 
direct conclusive proof of the tissue origin of the plasma 
a@HS-glycoprotein is lacking although most of the serum 
glycoproteins seem to be synthesised by the liver®’. Never- 
theless, its increased concentration in calcified tissues 
suggests that its presence in plasma could be a result of 
synthesis and release by bone tissue. We now report that 
the aHS-glycoprotein is synthesised by the liver and a 


Fig. 1 Total radioactivity in liver perfusion medium (solid 
line), and the proportion precipitable by TCA (dashed line), with 
time after introduction of “C-glucosamine into the perfusate. 
The perfusion medium consisted of 2.6 g % (w/v) bovine plasma 
albumin in bicarbonate buffer’ with bicarbonate added to 25 mM 
concentration and the addition of human erythrocytes to give 
2.5% (w/v) haemoglobin. Blood contained in the liver was 
washed out with 30 ml perfusion medium before addition of 
20 Ci p-I-“C-glucosamine (The Radiochemical Centre, 
Amersham) to the perfusate. Perfusion was with a total of 50 mi 
of this medium at a flow rate of 27 ml min ~. Samples (0.5-1 ml) 
of perfusate were taken at various time intervals up to 4h after 
the addition of p-1-"C-glucosamine and centrifuged at 2,000g 
for 30 min at 4°C to remove erythrocytes. Portions (10 ul) of 
the supernatants were dissolved in 0.5 ml soluene (Packard) and 
5 ml scintillation fluid’® was added for assay of radioactivity by 
liquid scintillation. Samples (0.1 ml) of the supernatants were 

ded to 1 ml 12% (w/v) aqueous TCA and allowed to stand 
overnight at 4°C. The TCA precipitates were collected by 
centrifugation at 4 °C at 2,000g for 15 min and washed three times 
with | ml 12% (w/v) aqueous TCA containing | mg glucosamine 
ml “1, The washed precipitates and individual supernatants were 
dissolved in soluene (1 ml) and their radioactive contents 
determined. All radioactivity determinations were corrected for 

quenching by internal standardisation. 
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Fig. 2 Immunoelectrophoresis in 1% (w/v) agar gel in sodium 
barbitone buffer, pH 8.6, of rabbit liver perfusion medium and 
rabbit plasma against antiserum to rabbit plasma and antiserum 
to rabbit bone a-glycoprotein (A) and its autoradiograph (8). 
Electrophoresis was for 2 h at 100 V and autoradiography was by 
exposure to Kodirex X-ray plates (Kodak) for 10 d. Well (1), 
Perfusion medium 4 h after adding p-Il-"C-glucosamine. Well 
(2), Rabbit plasma to which an amount of p-1-"C-glucosamine 
was added which was equivalent to the radioactivity present in 
well (1). Well (3), Rabbit plasma, non-radioactive. Troughs (a) 
and (c), Anti-rabbit plasma antiserum. Trough (b), Anti-rabbit 
bone a-glycoprotein antiserum. 


proportion is subsequently accumulated in bone tissue. 

Livers of 300-350 g Dutch rabbits were perfused in situ 
with medium containing p-1-''C-glucosamine by a modifica- 
tion of the method of Hems et al.*. Total perfusion medium 
radioactivity fell rapidly to about the 1 h time point as the 
perfused liver removed radioactive precursor. This value 
then increased for the rest of the perfusion period (Fig. 1). 
With time of perfusion the radioactivity which was pre- 
cipitable by trichloroacetic acid (TCA) increased from 5% 
at 20min to 77% at 4h. Column chromatography on 
BioGel P30 confirmed that TCA precipitability represented 
macromolecular radioactivity as similar results were 
obtained by both methods. Macromolecular radioactivity 
first appeared in the medium 10-20 min after addition of 
labelled precursor and this indicates the time required for 
uptake, synthesis and secretion of the glycoproteins by the 
liver". 7% (w/v) polyacrylamide disk gel electrophoresis of 
the perfusion medium showed that a large proportion of the 
radioactively-labelled material had a-electrophoretic mobility 
(not shown). 

Agar gel immunoelectrophoresis followed by autoradio- 
graphy (Fig. 2) indicated that the liver perfusate contained 
numerous proteins reactive against polyvalent anti-rabbit 
plasma antiserum and their synthesis during perfusion is 
demonstrated by the autoradiogram. Antiserum against 
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purified rabbit bone a@-glycoprotein was produced as 
described previously’ and Fig. 2 shows that liver synthesised 
a component showing immunological identity with this 
glycoprotein. No interaction between the immunoprecipi- 
tates and p-1-''C-glucosamine during the washing and stain- 
ing procedure was observed (Fig. 2). These results show that 
the liver is capable of synthesising the a-glycoprotein which 
has been found to make up approximately 4% of the rabbit 
cortical bone non-collagenous organic matrix’. 

To test whether bone tissue could also synthesise this 
component, eight rabbit half-calvaria (25d gestation) were 
cultured, each in 1.5 ml medium for 48 h in the presence of 
7.5 uCi 1-C-glucosamine, by the method of Reynolds”. 
After culture the embryonic bones were individually pooled 
and the non-collagenous proteins prepared by the method 
of Herring et al.”. 

The culture medium at 48h contained very little radio- 
activity in macromolecular components (0.6% of total 
medium radioactivity) as assessed by chromatography on 
BioGel P30. DEAE-cellulose chromatography of macro- 
molecular radioactivity from cultured bone collagenase 
digests showed that only 17% of the total radioactivity 
applied was eluted in the position of the particular a- 
glycoprotein under investigation™?. This contrasts with the 
situation in vivo after p-1-''C-glucosamine injection where 
a greater proportion is eluted in this less acidic fraction’. 

Immunoelectrophoresis of the less acidic fractions of 





Fig. 3. Bone non-collagenous proteins prepared by the method 
of Herring et al.” were chromatographed on DEAE-cellulose 
as described previously **. The peak of radioactivity correspond- 
ing to the 0-0.2 M NaCl eluate was pooled, dialysed exhaustively 
against distilled water and freeze dried. The freeze-dried material 
was dissolved in 0.05 M Tris-HCl buffer pH 7.2 (0.2 ml) and 
samples (10 ul) of the solution used for immunoelectrophoresis 
in agar gel (1 % w/v in sodium barbitone buffer pH 8.6). Stained 
with 1 °% amido black in 7% acetic acid. Well (1), 0-0.2 M NaCl 
eluate-+ normal rabbit plasma. Well (2), 0-0.2 M NaCl eluate. 
Troughs (a) and (c), Anti-rabbit plasma antiserum (40 ul). Trough 
(b), Anti-rabbit bone a-glycoprotein antiserum (40 pl). 


cultured bone collagenase digests, which contained 
appreciable amounts of radioactivity, showed detectable 
amounts of a-glycoprotein (Fig. 3). But neither this 
immunoprecipitate nor any serum protein precipitated by 
polyvalent anti-rabbit plasma antiserum (Fig. 3) contained 
radioactivity as assessed by autoradiography on Kodirex 
X-ray plates for up to 60d. Therefore embryonic bone 
tissue cannot synthesise this particular a-glycoprotein, even 
though it is present in foetal plasma (our unpublished 
observations). 

The present results confirm our previous suggestion’ that 
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the rabbit a-glycoprotein analogous to human aHS- 
glycoprotein, which is concentrated in bone tissue relative 
to plasma albumin, is synthesised by the liver. These results 
are also the first direct demonstration that the aHS- 
glycoprotein is made by the liver, as implied by the work of 
Miller®’’. 

The accumulation of this a-glycoprotein in calcified matrix 
could be a result of its affinity for adsorption sites on bone 
mineral and our current work’ confirms that this concentra- 
tion effect occurs during the precipitation of calcium 
phosphates in vitro. This suggests a relatively high affinity 
of this plasma protein for calcium and the concentration in 
bone matrix could represent an aspect of a more basic 
involvement in calcium metabolism. 

Certain serum fractions have been shown to delay the 
rate of transformation in vitro of an amorphous calcium 
phosphate to a more crystalline hydroxyapatite. Whether 
the binding of the a-glycoprotein has any specific influence 
upon the rate of formation or on the nature of the bone 
mineral phase in vivo is not known. Whatever the physio- 
logical function of the particular affinity of the oHS- 
glycoprotein for bone matrix, our demonstration that this 
material is synthesised by the liver but not by bone tissue 
has interesting implications for bone physiology. 

We thank Professor Sir Hans Krebs for helpful advice 
and Mr Philip Gregory of Professor Krebs’ laboratory, 
Oxford for technical help with the liver perfusions. J.T.T. 
and M.E.O. are members of MRC External Scientific Staff. 
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Hybrid molecules and the 
superiority of the heterozygote 


POPULATION geneticists have never agreed on the extent to 
which overdominance of fitness—that is, the situation in 
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Table 1 Comparisons of heterozygosities at monomeric and multimeric enzyme loci of four animal and two plant species* 


No. of No. of Normal 
Species monomeric multimeric deviate P Source 
enzymes enzymes 
Homo sapiens 20 35 — 1.369 0.085 Table 2 
Peromyscus polionotust 4 15 —2.160 0.015 21 
Astyanax mexicanust 5 11 —2.553 0.005 22 
Drosophila willistoni§ 15 — 1.622 0.052 23 
Stephanomeria exiqua ssp. carotifera™ 3 5 —2.007 0.018 24 


Lupinus texensistt 4 3 — 1.591 0.056 25 


*For Homo sapiens heterozygosities (H) were obtained directly from the source; for the other species they were calculated as H = 1—Ep:? 
where ps is the frequency of the electrophoretic allele weighted over populations. Heterozygosities at the two classes of enzymes were compared 
by applying the Wilcoxon two-sample rank test corrected for ties and discontinuity’. Symbolism of enzymes as in source. 

tMonomers: Est-1 and 2, PGM-I and 3; multimers: Est-3 and 4, PGI-1, LDH-1, LDH-2, LDH-3, MDH-1, MDH-2, MDH-3, a-GPDH-1, 
6-PGDH-1, GOT-1, GOT-2, IDH-1, IDH-2. Amount of variation or degree of polymerisation unknown for the other enzyme loci listed in 


Selander et al.?", 


tMonomers: Pep-1, PGM-1, Est-1, 2 and 3; multimers: aGPD-1, GPGD-1, PGI-1, PGI-2, GOT-1, GOT-2, MDH-1, MDH-2, IDH-2, 


LDH-!, LDH-2, 


§Monomers: Lap-5, Est-2, 3, 4, 5 and 7, ALD-I and 2, G6PDH, ME-2, PGM-1, ADK-I and 2, HK-1, 2 and 3; multimers: ACPH-1, ADH, 
MDH-2, aGPDH, Fum, GOT, HBDH, IDH, ODH-1, ME-1, XDH, AO-1, AO-2, TO, TPI-2. 

Monomers: Est-2 and 3, APH-I; multimers: GOT-1, 2 and 3, PGI, TO-1. 

ttMonomers: Est-1, Lap-1, PGM-1, ACPH-1: multimers: PGI-1, GOT-1 and 2. 


—— 
Table 2 Heterozygosities (H) at 50 human enzyme loci* 


Multimers H Source 

Phosphohexose isomerase 0.0006 7 
Lactate DH A 0.0020 7 
Lactate DH B 0 7 
NADH-isocitric DHt (soluble) 0.0056 7 
NADH-isocitric DH (mitochondrial) 0 7 
NAD-malate DH (soluble) 0.0019 7 
Phosphogluconate DH 0.0372 7 
Alcohol DH 1 0 7 
Alcohol DH 2 0.0582 7 
Alcohol DH 3 0.4824 7 
Superoxide dismutase A 0.0006 7 
Glutamate oxaloacetate transaminase 

(soluble) 0.0017 7 
Glutamate oxaloacetate transaminase 

(mitochondrial) 0.0334 7 
Glutamic-pyruvic transaminase (soluble) 0.4950 7 
Nucleoside phosphorylase 0.0013 7 
Acid phosphatase 2 0 7 
Acid phosphatase 3 0.0011 7 
Pyrophosphatase 0 7 
Alkaline phosphatase (placental) 0.5020 7 
Peptidase A 0.0009 7 
Peptidase D 0.0140 7 
Esterase D 0.1752 7 
Glycerol-3-phosphate DH 2 0.0014 9 
Malic enzyme (mitochondrial) 0.3000 8 
Malic enzyme (soluble) 0 8 
Glutathione peroxidase 0.0077 10 
Phosphoglyceric acid mutase 0.0019 11 
Glyoxalase I (red cells) 0.4771 12 
NAD-malate DH (mitochondrial) 0.0004 13 
2-3-Diphospho-glycerate mutase 0 8 
Sorbitol DH 0 8 
Cytidine deaminase 0.4545 14 

Monomers H Source 

Phosphoglucomutase | 0.3664 7 
Phosphoglucomutase 2 0.0007 7 
Phosphoglucomutase 3 0.3828 a 
NADH diaphorase 0.0101 7 
Adenylate kinase 0.0768 7 
Adenosine diaminase 0.1004 7 
Acid phosphatase 1 0.5190 7 
Peptidase B 0.0021 7 
Peptidase C 0.0062 7 
Fucosidase 0.3720 15 
Hexokinase III 0.0303 16 
Aconitase (soluble) 0.0159 17 
Aconitase (mitochondrial) 0 17 
Carbonic anydrase CA; 0 18 
Amylase (pancreatic) 0.0825 19 
Amylase (salivary) 0.0141 20 
Acetylesterase 0 8 


*Data refer to caucasians only. No variants were detected at other 
enzyme loci listed in Harris ef al.7 and in Harris and Hopkinson’, 
or there is no direct information as to whether they are monomers or 
multimers. In loci with very low heterozygosities observed differences 
in H may be of no significance. Loci with an H less than 0.01 may be 
characterised as monomorphic. Using this criterion 22 out of 33 
multimers and 6 out of 17 monomers are monomorphic (%? = 4.48, 
d.f—1, P=0.034). tDH, dehydrogenase. 


which the fitness of the heterozygote exceeds the fitness of 
both homozygotes—is responsible for the maintenance of 
genetic variability in populations’. It has been proposed?‘ 
that heteromultimers formed by random association of 
enzyme subunits coded by two different alleles provide a 
molecular basis for overdominance. This hypothesis stems 
from the observation that heteromultimers often differ from 
homomultimers in a number of aspects’, sometimes restoring 
enzymatic activity when both homozygotes lacked such 
activity’, Clearly, the crucial step towards associating (or 
disassociating) observations of this type with overdominance 
of fitness must be taken if we were to test the hypothesis 
that heteromultimers per se are responsible for the high 
amounts of variation observed in populations. I argue here 
that the enormous amounts of electrophoretic data now 
available exclude this hypothesis. 

In Table 1 the amounts of electrophoretic variability of 
loci coding for multimeric enzymes are compared with 
those of loci coding for monomeric enzymes in four animal 
and two plant species. In all cases heterozygosities at 
multimers are lower than heterozygosities at monomers. 
The species in Table | were selected either because a reason- 
ably large number of both types of enzyme loci were studied 
and because the number of assayed individuals is quite 
high to allow one to ignore errors in gene frequency 
estimates, or because they represent broad taxonomic units 
embracing, practically, all diploid organisms. Data from 
other species of mammals, lizards, fish, fruit flies, and snails 
could be cited, the great majority of which seem to support 
this conclusion (for data on human enzyme loci see Table 2). 

It has been argued that enzymes with multiple substrates”* 
and enzymes regulating the flux through a pathway” are 
more variable than enzymes with single substrates or non- 
regulatory enzymes. The class of non-regulatory enzymes 
contains more multimers than monomers so it can be argued 
that the difference in amounts of variation is ultimately 
related to function rather than to presence or absence of 
hybrid bands. The validity of these hypotheses is in doubt 
as there is a growing list of enzymes with multiple substrate 
and with regulatory properties which, nevertheless, are 
exceptionally conservative®. But the argument that the 
difference in amount of polymorphism indicated here is 
ultimately related to function rather than to degree of 
polymerisation can be dealt with in a more direct way. In 
Table 3 I have listed amounts of electrophoretic variability 
of monomeric and multimeric enzymes of same in vitro 
biochemical function. Out of 27 pair-wise comparisons that 
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Table 3 Heterozygosities at monomeric and multimeric enzymes 
having the same in vitro function 





Species Monomer Multimer Source 
D. subobscura Est-3 0.448 Est-7 0.168 29 
Est-5 0.549 
D. mojavenis B Est-2 0.081 Est-4 0.551 30 

Est-5 0.565 
D. arizonensis Est-2 0.403 Est-4 0.573 30 
Est-5 0.723 
D. mulleri Est-2 0.654 Est-4 0.505 30 
D. aldrichi Est-2 0.575 Est-4 0.781 30 
D. virilis Est-a 0.763 Est-B 0.402 31 
D. williston ME-2 0.300 ME-1 0.039 23 
D. tropicalis ME-2 0.169 ME-1 0.045 23 
D. equinoxialis ME 2 0.186 ME-1 0.033 23 
D. paulistorum ME-2 0403 ME-1 0.010 23 
Dacus oleae Est-A 0.762 Est-B 0.583 32 
Littorina obtusata Est-1 0.510 Est-3 0.426 33 
Peromyscus polionotus Est-1 0.343 Est-3 0.144 21 
: Est-2 0.313 Est-4 0.047 
Peromyscus floridanus Est-1 0.488  Est-4 0.252 34 
Est-2 0.502 
H. sapiens ACP, 0.519 ACP, 0 7 
ACP, 0.001 
H. sapiens Pep-B 0.002 Pep-A 0.001 7 
Pep-C 0.006 Pep-D 0.014 
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are possible from Table 3, monomers have a higher amount 
of heterozygosity in 20. Evidently, within a given species Or 
population monomeric enzymes are more polymorphic than 
multimeric enzymes of similar function. 

After the demonstration’ that populations do indeed 
contain alleles of same electrophoretic mobility one is not 
allowed to directly translate electrophoretic variability to 
actual variability. If polymerisation interferes with the 
electrophoretic expression of charge changes, then it is 
possible that amino acid substitutions result in changes in 
electrophoretic mobility more often in monomers than in 
multimers. There is evidence, however, that the number 
of different electrophoretic states that multimeric enzymes 
can assume is as high as, if not higher than, in monomeric 
enzymes. Some enzymes with the highest observed numbers 
of electrophoretic alleles are multimers: esterase B of 
Dacus oleae? (12 electrophoretic alleles), esterase 5 of 
Drosophila pseudoobscura” (12); acetaldehyde oxidase and 
xanthine dehydrogenase of Drosophila willistoni? (11 and 
10, respectively); esterase E of Colias eurytheme™ (13); 
esterase d of Hemiagrus isola” (18). In humans the enzyme 
with the highest observed number of electrophoretic alleles, 
18 in all, is the dimeric placental alkaline phosphatase“. 

Lewontin (ref. 1, p. 71) has stressed the point that small 
amounts of unconditional overdominance will quickly lead 
to high degrees of heterozygosity. If heterozygotes for multi- 
meric enzymes are endowed with high fitness and hetero- 
zygotes for monomeric enzymes are not, then we would 
expect multimeric enzymes to possess higher amounts of 
variation than monomeric enzymes. The opposite is true. 
Unless one assumes that the variation in multimers is 
maintained by overdominance, whereas the much higher 
variation in monomers is neutral or is maintained by some 
other form of balancing selection, it becomes difficult to 
adhere to the hypothesis that heteromolecules provide a 
basis for overdominance of fitness. 

The evidence presented here renders the hypothesis of 
widespread unconditional overdominance less attractive, but 
it does not exclude the possibility that other forms of 
heterozygote superiority, such as marginal overdominance”, 
are of importance in evolution Gillespie and Langley” have 
shown, however, that if selection coefficients fluctuate 
greatly as a result of change in the environment, then 
heterozygote intermediacy can often result in stable poly- 
morphism. Their review of the literature shows that very 
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rarely, if ever, do heterozygotes assume values above or 
below the range specified by the two homozygotes. 
Heterozygote intermediacy is also a concomitant of 
frequency dependent selection”. It seems very possible that, 
whatever fraction of the genetic variation is selectively 
maintained, the type of selection involved is one of 
fluctuations in selection coefficients with no intrinsic 
heterozygote superiority. 
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Genetic transformation in 
Drosophila by microinjection of DNA 


Tueexperiments described here provide new evidence for DNA- 
induced gene-specific alterations ın Drosophila. Host embryos 
homozygous for recessive alleles of several genes were treated 
with wild-type DNA by embryo microinjection. Several of the 
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adults which developed from these injected embryos exhibited 
phenotypic alterations whereas none of the controls treated with 
host-type DNA showed any altered phenotype. In addition, the 
alterations were in two cases transmitted to the progeny of the 
injected flies, so that altered stocks could be established. If this 
represents genetic transformation and if it can be made to work 
routinely in eukaryotes, it promises to be equally or more useful 
than the corresponding process in prokaryotes, since it could 
be used to bioassay specific parts of the genome which are 
currently being isolated by various techniques. ‘ y 

Ten years ago Fox and Yoon! reported that Drosophila 
embryos soaked in solutions of DNA showed somatic changes 
in the emerging adults, and subsequently germinal changes?, 
that were specific to the DNA used. In addition to Drosophila, 
the uptake, expression and transmission of exogenous DNA 
has been reported in both Neurospora and mammalian cells 
in vitro, as well as in a number of organisms less suited to further 
genetic analysis**’. The fungal transformation phenomenon was 
observed after addition of wild-type DNA (or poly(A)-rich 
RNA) to the growth medium of a fragmented mutant cul- 
ture®-1°, The change observed in most studies was an alteration 
of the organism’s dependence on inositol in the culture medium. 
The frequency of transformation was significantly greater than 
the observed reversion frequency, either spontaneous or induced, 
for the mutation. The treatment of cultured mammalian cells 
with metaphase chromosomes from different species and the 
subsequent detection of donor enzyme activity in clones derived 
from the treated cells-13 demonstrates further that higher 
eukaryotes can incorporate and utilise exogenous genetic 
material. 

In Drosophila, somatic as well as germ-line alterations have 
been observed after soaking embryos in solutions of DNA 
extracted from genetically different animals. The process used 
to obtain eggs permeable to DNA is not, however, completely 
satisfactory. It involves inducing animals to lay premature eggs 
and has been found difficult as well as largely ineffective (less 
than 2% of the eggs were shown by autoradiography to take up 
the DNA)". In an effort to streamline the transformation 
experiments (by eliminating the scoring of untreated animals) 
and to enable some quantification of the treatment, we have 
adapted an egg microinjection method" for this procedure. 
Although this process limits the number of embryos which can 
be treated, because of the low survival rate, it allows precision 
in the delivery of exogenous DNA and serves to increase the 
chance that a treated egg will be altered genetically. 

The genetic outline of our experiment was basically the same 
as that used by Fox and Yoon®. Eggs collected from flies 
homozygous for the mutations vermilion, v, and brown, bw, were 
used as hosts for DNA extracted from wild-type adults. 
Vermilion and brown represent mutations in the ommochrome 
and pteridine biosynthetic pathways, respectively, and in 
combination result in the absence of pigment from the adult 
eyes. Furthermore, vermilion is non-autonomous in its expres- 
sion so that a small patch of non-mutant tissue in the body of 
the animal can allow the eyes to develop the wild-type pheno- 
type (brown pigmentation) ın an otherwise mutant animal. This 
system, previously exploited by Fox, allows a “magnification” 
in the detection of first generation alterations, since transfor- 
mation of tissues other than the eye can be detected by its effect 
on eye pigmentation. In addition, all hosts were homozygous 
for yellow (a cuticle marker) and most were homozygous for 
forked (a bristle mutation) and maroon-like (a mutation which 
can be detected by lack of staining for aldehyde oxidase in the 
internal organs). Embryos were injected during the nuclear 
multiplication stage. During this stage of embryogenesis the 
nuclei are dividing rapidly (13 divisions at 10-min intervals at 
25 °C) and the embryo is a syncytium, that is, no cell membranes 
separate the nuclei. Injection at this stage should maximise the 
potential interaction between nuclei and exogenous DNA. 

The results of these injections with respect to alterations of 
vermilion expression are summarised in Table 1. A significant 
number of adults developing from treated embryos had pig- 
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Table 1 Eye pigmentation in adults developing from embryos 
injected with DNA 





Adults with Adults with 
Adults pigmented Fertile pigmented 
Treatment emerged eyes adults* progeny 
vt DNA 138 8 100 2 
vy DNA 87 Ot 61 0 





DNA was extracted from whole adults by a procedure similar to 
that‘ of Tartof?’. A nuclear preparation was deproteinised using a 
mixture of chloroform-isoamyl] alcohol (24:1) and phenol. The DNA 
was precipitated, resuspended and treated successively with RNase, 
Pronase, and phenol. The resulting preparation was dialysed ex- 
tensively against SSC (0.15 M NaCl, 0.015 M sodium citrate) and 
then a modified insect Ringer’s solution!®. The DNA was then frozen 
in 100-ul aliquots at —70 °C. The concentration of DNA injected 
varied and the results above represent the animals surviving treatment 
with 44-100 pg ml-?. Preblastoderm embryos 30-60 min old were 
injected with 10-4] DNA through glass needles 10-13 um inner 
diameter. The injected embryos were maintained until hatching at 
18-20 °C and the larvae were subsequently raised in yeast paste at 
25 °C. The emerging adults were coded, scored, and then allowed to 
breed for at least 10 d with animals of the host stock. All F, progeny 
were scored for eye colour and 10 pairs of F, from each adult were 
maintained. F, and F, were stmilarly scored for deviations from 
expected eye colour. 

*Adults whose progeny were scored at least three generations. 

$0.01 <P <0.025. 


mented eyes. One of these flies also transmitted the pigmen- 
tation to one of his progeny forming a stable transformed line. 
Another stable line was established from the recovery of 
pigmented F, from an unpigmented injected animal. Genetic 
analysis of the two transformed lines demonstrated that the 
alterations were both linked to the X chromosome, which 
carries the vermilion locus. The alteration in one line is dominant 
and maps near v (133.2), whereas the other is semi-dominant 
and maps to the distal end of the chromosome (1~0.01). These 
results are similar to those of Fox et al.® and to the pre- 
liminary observations made by Limbourg-Bouchon using 
microinjection (B. Limbourg-Bouchon, personal communi- 
cation). Neither of these lines showed any instability in the 
expression of the pigmentation after the first pigmented flies 
were isolated, nor has there been any reversion in the stocks. 
This contrasts with the behaviour of stocks produced by other 
workers where phenotypic instability (interpreted as somatic 
mosaicism of expression) and reversion are quite common”, 
suggesting that there may be qualitatively different events 
induced by the DNA treatment. Adults were also examined for 
alterations in the expression of y, bw, f, and mal, but no altera- 
tion was observed (y and bw, 138 cases; f and mal, 88 cases). 
The detection of altered expression in these autonomous genes 
may be significantly less likely than for non-autonomous genes 
such as vermilion. It is also likely, however, that the transfor- 
mation rate will be characteristic for each gene and that these 
other genes might simply transform at a lower frequency. 

Our results indicate that the phenomenon observed by Fox 
and Yoon? can be duplicated using egg microinjection. In 
addition, the frequency of altered expression is significantly 
greater than that observed by soaking eggs (5% first generation 
transformants as opposed to 0.8°%)®. Preliminary results from 
other laboratories using this technique indicate that an even 
higher rate may be attainable (B. Limbourg-Bouchon, personal 
communication; C.P. Liu, and A. S. Fox, personal communi- 
cation). Microinjection allows precision in delivery, circumvents 
the uptake phenomenon which may be selective, and allows 
precise staging of each embryo. Experiments are now under way 
to transform loci whose genetic fine structure will allow an 
analysis of the mechanisms underlying this apparent genetic 
transformation. 
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Integrator gene in Aspergillus nidulans 


One of the most intriguing problems in genetics is how the 
regulation of a particular structural gene can be programmed in 
such a way that its expression can be elicited in a variety of 
different contexts. Stated differently, how can the concomitant 
expression of two or more non-contiguous structural genes 
capable of independent expression be achieved? Britten and 
Davidson!~* have proposed a model for gene regulation which 
gives considerable insight into this problem. One feature of 
their model is the existence of positively acting regulatory genes, 
designated integrator genes, whose role ts to achieve precisely 
this concomitant expression of non-contiguous structural genes. 
Although the model was developed to account for cell differ- 
entiation in higher eukaryotes, a similar, although possibly less 
elaborate, form of regulatory machinery might be applicable in 
lower eukaryotes. In the fungus Aspergillus nidulans, as in higher 
eukaryotes, functionally related genes are seldom clustered‘. 
Given the considerable metabolic versatility of this organism, 
instances of inducible enzymes participating in more than one 
metabolic pathway should not be unduly rare. Evidence for the 
existence of integrator genes could come from the study of 
regulatory mutations affecting such enzymes. The model also 
requires the existence of receptor sites for integrator gene 
products, a not implausible requirement for A. nidulans, where 
several cis-acting regulatory mutations tightly linked to struc- 
tural genes under their control have been identified (refs 5-8 and 
unpublished results of C. R. Bailey and H. N. A.). Here I report 
that the intA gene of A. nidulans, previously designated amd R and 
shown by Hynes and coworkers®™ to be a positive regulatory 
gene in linkage group II involved in acetamidase synthesis, is an 
integrator gene of the type described by Britten and Davidson. 
Moreover, intA is possibly especially interesting because one of 
the compounds whose metabolism it controls is y-amino-n- 
butyric acid (GABA), whose metabolism has been extensively 
investigated in a wide variety of organisms because of its role in 
the regulation of neuronal activity. 
Three probable structural genes are under ‘intA control: 

amdS, the structural gene for acetamidase in linkage group 
UI?"; gatA in linkage group VII where recessive mutations 
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eliminate GABA transaminase which also participates in the 
catabolism of B-alanine, 5-amino-n-valerate, and several other 
@-amino acids (H. A. Penfold and H. N. A., unpublished); and 
gabA in linkage group VI where recessive mutations result in loss 
of a GABA-specific permease (H. A. Penfold and H. N. A., 
unpublished). amdA, another regulatory gene probably specifi- 
cally controlling amdS, is located 5.3+1.8 cM from gatA. But 
there is no interaction in double mutants and no reason to 
suppose that this linkage has any special significance. 

intA mutations can affect expression of one or more of the 
structural genes. Partially dominant infA° mutations can lead to 
high, constitutive levels of acetamidase*4 whereas recessive 
intA- mutations halve acetamidase levels®. intA mutations do 
not affect the structure of acetamidase’®. In vivo effects of intA 
mutations are given in Tables 1 and 2. intA°—2, — 300, —302, 
and —304 enhance to varying extents utilisation of acrylamide 
and acetamide as nitrogen sources and acetamide as carbon 
source (Table 1). This enhancement is closely correlated with 
their abilities to suppress areA‘ mutations for utilisation of 
acetamide as nitrogen source (Table 2). areA‘ mutants lack a 
positively acting regulatory substance necessary for the synthesis 
of ammonium-repressible enzymes and consequently are unable 
to utilise nitrogen sources other than ammonium in glucose- 
minimal medium’?2. intA~ mutations somewhat reduce util- 
isation of acetamide. amdA‘ mutations enhance acetamide but 
not acrylamide utilisation and suppress areA* mutations on 
acetamide. Expression of the intA° and amdA* phenotypes on 
acrylamide and acetamide media requires a functional allele of 
the amdS but not gabA and gatA genes. The strict additivity of 
inth-—101 and the partially dominant amdA‘*— 301 in strains 
carrying both mutations (Tables 1 and 2) suggests that, as 
predicted by Britten and Davidson?, intA and amdA might be 
regulating amdS in a parallel, positive fashion. As intA~ mu- 
tations do not abolish amide inducibility of acetamidase®, this 
form of regulation might involve amdA. Selection of amdA~ 
alleles and a biochemical study of the effects of amdA mutations 
on acetamidase regulation are intended. 

Effects of intA mutations on expression of the gatA gene are 
seen in Tables 1 and 3. intA~ mutations prevent utilisation of 
GABA, f-alanine, and 8-amino-n-valerate as nitrogen sources 
and GABA as carbon source (Table 1). intAs—2, —300, — 302, 
— 304, and — 305 slightly enhance §-amino-n-valerate utilisation. 
Mutants defective in the ornB gene in linkage group VIII are 
blocked before L-ornithine in the biosynthesis of L-arginine and 
require either ornithine or arginine*?*. GABA and B-alanine 
but not 5-amino-n-valerate can supplement ornB~ strains (Table 
3) but not the arginine/ornithine auxotrophies*?* of ornA—4, 
ornC—31, and ornD—10 strains or the arginine auxotrophies*** 
of argA—1, argB—2, andargC—3 strains. GABA and B-alanine, 
however, cannot supplement ornB~ strains also carrying an 
intA~ or gatA~ mutation. intAS—2, —300, —302, —304, and 
—305 exert, to varying degrees, locus-specific suppression of 
ornB- auxotrophies (Table 3) although not suppressing ornA —4, 
ornC—31, ornD—10, argA—1, argB—2, and argC—3. This 
physiological suppression requires that the gatA gene but not 
the amdS and gabA genes be functional: intA® gatA~ ornB— 
triple mutants require arginine or ornithine and do not respond 
to GABA or B-alanine. ornB~ mutations probably abolish the 
transaminase which normally converts N-acetyl-L-glutamic 
y-semialdehyde to N*-acetyl-L-ornithine. When induced by 
GABA or B-alanine or rendered constitutive by an intA® 
mutation, the GABA transaminase can apparently catalyse 
this conversion. 

Expression of the gabA permease in intA mutants can be 
followed in Tables 1 and 2. GABA is extremely toxic to gatA~ 
mutants. gabA- and intA~ mutations ‘relieve this toxicity by 
reducing GABA uptake (H. A. Penfold and H. N. A., un- 
published) so that gabA-~ gatA~ and intA` gatA~ double 
mutants but not gatA~ single mutants can grow on GABA plus 
another nitrogen source such as nitrate (Table 1). Given their 
lack of gatA expression, the very growth of intA~ mutants on 
GABA plus nitrate also illustrates lack of gabA expression. The 
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Table 1 Growth responses of wild-type and mutant strains 


Growth on media containing 


Relevant Acrylamide Acetamide Acetamide GABA GABA+NO,- GABA ß-Alanine 6-Amino-n-valerate 
genotype asN asN as C asN as N asC as N as N 
Wild type — 3+ 3+ 5+ 5+ 5+ 5+ 4+ 
intAS-2 4+ 5+ 5+ 5+ 5+ 5+ 5+ 5+ 
intAS-300 a 2+ 5+ 5+ 5+ 5+ 5+ 5+ 5+ 
intA°-302 3+ 5+ 5+ 5+ 5+ 5+ 5+ 5+ 
intA’-304 2+ 5+ 5+ 5+ 5+ 5+ 5+ 5+ 
intA°-305 — 3+ 3+ 5+ 5+ 5+ 5+ 5+ 
amdA$-301, -303 — 5+ 5+ 5+ 5+ 5+ 5+ 4+ 
intA°-2 amdA?-301 4+ 5+ 5+ 5+ 5+ 5+ 5+ 5+ 
intA°-304 amdA‘-301 3+ 5+ 5+ SF 5+ 5+ 5+ 5+ 
intA~—44,-100,-101,-105,-106,-107 — 2+ + — 5+ — — 

intA ——500 an 2+ + 3+ 5+ 3+ — 44 
amdA‘-301 intA~-101 — 3+ 3+ — 5+ — — + 
amdS-17 = = ~= 5+ 5+ 5+ 5+ 44 
gabA-2, -6 — 3+ 3+ 2+ 5+ + 5+ 4+ 
gatA-1, -2 + 4+ 4+ = — — — — 
gabA-2 gatA-1, -2 + 4+ 4+ = 3+ eis = = 
intA~-101 gabA-2 — 2+ F — 5+ — = + 
intA~~101 gat-1, 2 — 2+ + 2 3+ = = me 
intA~-500 gabA-2 — 2+ + 2+ 5+ $ = 44 
intA~-5S00 gatA-1 = 2+ + = 2+ — — ae 
intA°-2 amaS-17 — — = 54 5+ 54+ 5+ 5+ 
intA*®-2 gabA-2 4+ 5+ 5+ 2+ 5+ + 5+ 5+ 
intA°-2 gatA-1, -2 4+ 5+ 5+ — — = = 2 
amdAʻ-301 amdS-17 — = — 5+ 5+ 5+ 54 44 
amdA$-301 gatA-1 + 54 54 = pa a — S 





—, No growth; +, very slight growth; + up to 5+, increasıng levels of growth. Growth scores on different media are not necessarily equiva- 
lent, but 5+ represents the maximum growth observed on any medium. 7 
Growth tests were carried out at 37 °C on appropriately supplemented minimal medium?* as described previously’*. At least several different 
strains of each relevant genotype were tested. Nitrogen sources were added to 1% p-glucose-containing media at 10 mM (acrylamide, acetamide, 
sodium nitrate) or 5 mM (f-alanine, GABA, 5-amino-n-valerate). Carbon sources were added to a final concentration of 50 mM to glucose- 
free media. Growth scores on different media are not necessarily equivalent. All strains listed above utilise L-glutamate and L-aspartate normally 
as nitrogen or carbon sources. i i, 
intAS-2 (formerly amdR°-2), intA--44 (formerly amdR--44), and amdS-17 were provided by Dr M. J. Hynes, who has described their 
selection’, intA°-300, amdA*-301, and intA‘-302 (formerly designated amd*-300, -301, and ~302) were obtained as suppressors of areA™-1 
on acetamide as described previously!®. intA°-304, amdA‘%-303, and intA°-305 were obtained after N-methy!—N’—nitro—N-nitrosoguanidine 
(NTG) mutagenesis” of a strain of genotype biA-I areA'-2 fwA-I (biotin-requiring, unable to utilise nitrogen sources other than ammonium, 
fawn conidial colour) as suppressing areA™-2 on acetamide, acetamide, and GABA as nitrogen sources, respectively. intA~—100 and -101 were 
obtained as spontaneous mutations in strains of genotype pabaA-1 intA°-2 mauA-2 (p-aminobenzoate-requiring, mtA°—2 phenotype as de- 
scribed herein, lacking monoamine oxidase) and puA-2 intA‘-300 (putrescine-requiring, intA°-300 phenotype as described herein), respectively, 
resulting in resistance to 4 mg mi~ 2-fluoroacetamide (Fluka, Buchs, Switzerland) on medium containing 72 mM acetate (pH 6.5) as sole 
carbon source and 5 mM urea as sole nitrogen source. gabA-2 and —6 were selected as unable to utilise 5 mM GABA as nitrogen source after 
NTG mutagenesis of a strain of genotype b/A-1 puA-2 fw-A-I using the putrescine starvation selection technique*®. intA 105, -106, -107, and 
-500 and gatA-1 were selected after ultraviolet mutagenesis of a strain of genotype pabaA-l, using replica plating!®, as able to utilise 5 mM 
L-proline but not 5 mM B-alanine as nitrogen source. gatA-2 was selected by Mr K. N. Rand. It was obtained after ultraviolet mutagenesis 
of a strain of genotype pabaA-1 areA'-120 as allowing utilisation of 10 mM acrylamide as nitrogen source in the presence of 1 % (v/v) glycerol 
as sole carbon source. This weak suppression is presumably associated with the slight enhancement of acetamide and acrylamide utilisation 
by gatA~ mutations (which will nevertheless not suppress the more stringent areA! alleles on acetamide or acrylamide) as seen above. A likely 
explanation is that gafA~ mutations enhance the accumulation of an endogenous inducer such as B-alanine which can activate the intA product, 
as no such enhancement occurs in strains also carrying an intA ~ mutation. A ee P 
Allelism has been demonstrated both by tight linkage (generally less than 0.5 cM) and, for recessive mutations resulting in loss of function, 
by a lack of complementation in diploids. The leakıest intA~ allele, intA--500, does not complement with int 44, -100, -101, -105, -106, 
or -107. The intA~ mutations are recessive to intA* on the media listed above whilst intA°-2 1s partially dominant to both intA* and intA~-101. 


ability of the five intA° mutations to suppress areA‘ for util- 
isation of GABA as nitrogen source (Table2) probably primarily 
reflects enhanced levels of the gabA permease because sup- 
pression of areA' on GABA can also be achieved by a cis- 
dominant regulatory mutation tightly linked to gabA (un- 
published results C. R. Bailey and H. N. A.). Suppression of 
areA‘ on GABA requires functional alleles of both gabA and 
gatA but not amdS. The selection of mutations able to suppress 
areA‘ mutations on two or more nitrogen sources metabolised 
by different pathways is probably a general method for obtaining 
derepressed alleles of integrator genes, provided synthesis of the 
necessary enzymes and permeases does not have an absolute 
requirement for a functional areA product (K. N. Rand and 
H. N. A., unpublished). 

The probable route of GABA catabolism is shown in Fig. 1. 
Although intA controls both GABA uptake and transamination, 
it apparently does not regulate succinic semialdehyde dehydro- 
genase because infA~ strains utilise y-hydroxy-n-butyrate as a 
carbon source. ssuA—1 strains can utilise neither GABA nor 
y-hydroxy-n-butyrate as carbon sources (C. R. Bailey and 
H. N. A., unpublished). 


As well as controlling three structural genes, the intA product 
must respond to at least two effectors, GABA and ß-alanine or 
their derivatives, as shown by their ability to supplement ornB- 
auxotrophies. If the intA product be directly involved in re- 
gulating amdS, gatA, and gabA, mutations affecting the 
specificity of the intA product might fall into one or both of 
two categories: (1) those having a differential effect on the 
expression of the three structural genes; and (2) those affecting 
response to one of the effectors more than the other. intA~— 500 
is probably of the latter type since it affects responses to 
B-alanine much more drastically than responses to GABA or 
$-amino-n-valerate (Tables 1 and 3). The lack of additivity of 
intA~—500 and gabA—2 in double mutants and the relative 
resistance of intA~—500 gatA—1 double mutants to GABA 
supports this conclusion. The fully intA~ phenotype of intA~ 
—500 on acetamide (Table 1) plus its resistance to acetamidase- 
catalysed, lethal hydrolysis of 2-fluoroacetamide* might indicate 
that intA-—‘500 also falls into the first specificity category, 
stringently affecting amdS. It is more likely, however, that the 
mutant responses of intA ~ strains to acetamide and its analogues 
are dependent on a small amount of endogenous effector 
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Table 2 Suppression of areA’ mutations 





6-Amino-n-valerate 


Relevant or 
genotype B-alanine 
or 
NO,- 
Wild type (areA*) 5+ 
areA‘-1, -2, -19 — 


intA®-2 areA'-—1,-2,-19 
intA°—300 areA‘-1 

intAS—302 areAT-1 

intAS-304 areA'—2 

intA®-305 areA‘-2 

amdA‘~301 areA'~1, -2, -19 
amdA$-303 areAt-2 
intA°-304 amdA°—301 areAt—2 
intAS-2 amdS-17 areA‘-1 
intA’—2 gabA-2 areA'—2 
intAS—2 gatA-2 areA'-2 
amdA9-301 amdS-17 areA‘-1 
amdA®-301 intA--101 areA'-2 
intA~-101 areA'-1, -2 
amdS-17 areA"-1 

gabA-2 areA'-2 

gatA-2 areA‘-1, -2 


It | 


pred trd rt ESE id 


Nitrogen source 


Acetamide GABA NH, 
5+ 5+ 5+ 
— — 5+ 
4+ 3+ 5+ 
3+ 2+ 5+ 
3+ + 5+ 
3+ + 5+ 
— 3+ 5+ 
3+ — 5+ 
3+ — 5+ 
4+ + 5+ 
— 3+ 5+ 
4+ — 5+ 
4+ — 5+ 
= — 5+ 
+ — 5+ 
= = 5+ 
= — 5+ 
— — 5+ 
= - 5+ 


EEE 


See legend to Table 1 for most details. Ammonium was added at 10 mM as the'(+)-tartrate areA'-1, -2, and -19 (forrherly amdT-19) have 
been described previously}? and lead to inability to utilise nitrogen sources other than ammonium. Growth scores on different media are not 
necessarily equivalent. When tested in diploids homozygous for areA'-2, intA°-2 and amdA*-301 are partially dominant. None of the intA® 
or amdAʻ mutations suppress areA‘ mutations on L-glutamate or L-aspartate as nitrogen sources 


interacting with the intA product in intA + strains. The behaviour 
of intA-— 500 might therefore suggest that B-alanine, an essential 
metabolite for synthesis of coenzyme A, is that effector. Its 
concentration must be sufficiently low for ornB~ mutations to 
result in complete auxotrophy. Low levels of B-alanine and 
GABA have been detected in Neurospora crassa". 

intAS—305 and —304 are probably specificity mutations of 
the first category. intA°—305 strongly affects gabA expression 


but has little effect on expression of amdS and gatA. The 
opposite is true of intA°—304. This indicates that the gabA 
receptor site for the intA product differs from those of the amdS 
and gatA genes. A diversity of receptor sites for the areA 
product has already been postulated’. The existence of such 
opposite phenotypes among intA alleles is only compatible with 
direct regulatory involvement of the intA product. Indirect 
involvement could only lead to a hierarchy of structural gene 


aeee e EE 


Table 3 Supplementation and suppression of ornB~ mutations 


L-Arginine 
Relevant or 

genotype L-ornithine 
Wild type (ornB*) 5+ 
ornB-7, —8, —9, —20, -300 5+ 
intA°-2 ornB-7, -8, -9, -20, -300 5+ 
intA‘®-300 ornB-7 5+ 
intAS—302 ornB-7 5+ 
intAS—304 ornB-7 5+ 
intA%-305 ornB-7 5+ 
amdA$-—301 ornB-7 5+ 
intA’-2 amdS-17 ornB-7 5+ 
intA°—2 gabA-2 ornB-7 5+ 
intA‘-2 gatA-|, -2 ornB-7 5+ 
» amdS—17 ornB-7 5+ 
gabA-2 ornB-7 5+ 
gatA-1, —2 ornB-7 5+ 
intA--101 ornB-7 5+ 
intA~-500 ornB-7 5+ 


Supplement 
B-Alanine GABA None 

5+ 5+ 5+ 
4+ 3+ = 
5+ 5+ 5+ 
5+ 5+ 2+ 
5+ 5+ 4+ 
5+ 5+ 3+ 
5+ 5+ E 
44 3+ ag 
5+ 5+ 4+ 
5+ 5+ 4+ 
4+ 3+ — 
4+ 3+ — 

=) + cana 


See legends to Tables 1 and 2 for most details. Supplementation by L-arginine and L-ornithine (as the monohydrochlorides) was tested at 
5 mM with or without another nitrogen source. Unsupplemented medium contained 10 mM ammonium as nitrogen source. B-alanine and 
GABA were added with or without uric acid (100g ml~) although they definitely supplement more efficiently in the absence of another nitro- 
gen source. GABA supplementation of ornB~ strains 1s considerably improved by using strains also carrying a mutation relieving ammonium 
repression such as meaA-8*® 2 or areA*-102 (formerly amdT-102)!? or by using glucose-free medium with 50 mM GABA as sole carbon source. 
Presumably, self nitrogen metabolite repression?? limits GABA supplementation of ornB~ single mutants growing on GABA as sole nitrogen 
source. Neither L-glutamate nor L-aspartate supplements ornB~ auxotrophies. i i 

The arginine/ornithine auxotrophies ornB-7, -8, -9, and —20 are markers in standard use*. ornB-300 was selected after ultraviolet mutagenesis 
of a strain of genotype yA-2 alX—4 pantoB-100 (yellow conidial colour, lacking allantoinase, requiring pantothenic acid), using replica plating, 
as able to grow ona medium containing 5 mM GABA but not 5 mM L-proline as nitrogen source. ornB-300 is temperature sensitive, resulting in 
auxotrophy at 37 °C but not at 25 °C It is tightly linked to ornB-7, and they do not complement ın diploids. 


When diploids homozygous for ornB-7 are tested on the above media, int. 


A®-2 is partially dominant whereas intA 101 1s recessive. 
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NH,* 
NAD-Iinked glutamate 
dehydrogenase 
a-ketoglutarate L-glutamate 
gah ssuA 
Succinic Succinate 
ea GABA semialdehyde _Succinic 
transaminase semialdehyde 
° dehydrogenase’ 
gabA |GABA 
permease 
Exogenous ;-hydroxy-n- 
-GABA butyrate 


Fig. 1 The pathway of GABA catabolism in A nidulans, shown 
above, is probably very similar to that in Escherichia coli?. As 
expected**~*5 for compounds whose nitrogen is metabolised by 
way of L-glutamate before ammonium, GABA, B-alanine, and 
5-amino-n-valerate supplement gdhA~ mutants lacking the ana- 
bolic NADP-linked glutamate, dehydrogenase, but are not 
utilised by gdhB~ mutants lacking the catabolic NAD-lnked 
glutamate dehydrogenase. GABA can also supplement pycA~ 
mutants** lacking pyruvate carboxylase and consequently 
requiring a source of a four-carbon dicarboxylic acid The 
utilisation of GABA is subject to both nitrogen metabolite?2 
and carbon catabolite?” repression (H. A. Penfold, C. R. Bailey, 
and H. N. A.). 


expression. This type of evidence has also shown direct re- 
gulatory involvement of the areA gene product??2, 

A full biochemical and genetical analysis of w-amino acid 
catabolism and effects on acetamidase synthesis is in progress 
(H. A. Penfold, C. R. Bailey, and H. N. A., unpublished). We 
are particularly interested in seeing whether, as implied by 
results presented here, the binding of different effectors to the 
intA* product alters the relative efficiencies of expression of the 
three structural genes. 

In conclusion, intA is a positive regulatory gene whose 
product directly affects the expression of three unlinked 
structural genes which can participate in different catabolic 
pathways. The structural genes code for an acetamidase, a 
GABA transaminase, and a GABA permease. At least the 
acetamidase is subject to an alternative, parallel] mechanism of 
induction, involving the specific regulatory gene amdA, in 
addition to the induction mediated by the intA product. 
Therefore intA can be described as an integrator gene. The 
ability of (mostly point) mutations in intA to affect expression 
of any one or two or all three of the structural genes controlled 
by intA argues that intA is a single gene, not a battery of 
coordinately controlled contiguous genes. Of the alternative 
regulatory circuits offered by Britten and Davidson, intA 
therefore fits into the redundancy of receptor sites model 
rather than the redundancy of integrator genes model. 

I thank Claudio Scazzocchio, Hugh Penfold, Keith Rand, 
Chris Bailey and especially Dick LePage for useful discussions 
and Bridget Pritchard and Mick Pierson for technical assistance, 
and the Royal Society for the Smithson Research Fellowship. 
This work was partially supported by a grant from the SRC to 
Professor J. M. Thoday. 

Note added in proof: Confirming a crucial prediction, 
B-alanine and GABA induce acetamidase in wild-type but 
not in intaA~-101 strains. B-alanine induces to a con- 
siderably higher level than acetamide, but simultaneous 
addition of -alanine and acetamide results in only an inter- 
mediate, not an additive, level of induction. This probably 
indicates competition between the intA product (activated 
by B-alanine) and the amdA product (activated by aceta- 
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mide) in the induction of acetamidase. Such competition 
could result from a partial or complete overlap of receptor 
sites. 
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X-ray study of the rubidium salt of ADP 


ENZYMATIC reactions involving ATP and ADP require various 
metal ions as cofactors for catalytic activation. To understand 
the molecular mechanisms involved ın these reactions it is 
important to know both the detailed geometry of these mole- 
cules and the way in which they bind to metal ions. Although 
numerous physical and chemical studies have been undertaken, 
particularly of divalent metal complexes in solution, the 
conformational and electronic aspects of these complexes are 
not fully understood. In the solid state, crystallographic studies 
have led to deductions on the conformations of ATP and ADP 
when bound to enzymes (refs 1-3 and H. C. Watson, personal 
communication) but the only crystal structures so far determined 
to atomic resolution are of the disodium salt of ATP‘ and the 
monorubidium salt of ADP®. The latter structure has so far 
only been published in part although some of its molecular 
features were reviewed recently®. 

The work reported here is on a different hydrate of mono- 
rubidium ADP containing one water molecule per nucleotide 
instead of three as in the earlier study. The Rb-ATP and ADP 
complexes are of biochemical importance as many enzyme 
systems associated with phosphate transfer require, in addition 
to divalent metal ions, univalent cations for activation (for 
example, K+, Rb+, NH,+)’. As part of our study of phosphate 
coenzymes we have attempted the preparation of single crystals 
of other mono- and divalent salts of ADP but so far without 
much success. 

The monorubidium salt of ADP was crystallised as needles 
from water—alcohol solutions containing ADP free acid and 
RbBr (1:1). The solution was kept at 5 °C and pH 5.5 using 
Tris buffer. The space group (P2,2,2) and cell dimensions 
(a = 28.516(3) A, b = 10.594(3) A, c = 6.315(2)A) agreed 
with those reported for the trihydrated rubidium salt by Muller 
and Deluke®. The measured density (Dm = 1.86 gcm~3, 
D, = 1.84 gcm~, Z = 4) indicated, however, the presence of 
only one water molecule per ADP molecule and this was later 
confirmed by the structure analysis. 

A total of 1,440 unique reflections were collected on a 
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` Fig. 1 View of the ADP molecule perpendicular to the base. 
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Fig. 2 Interactions involving the base atoms. 
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Fig. 3 Crystal packing viewed down the 

c axis showing the Rb* coordination and the 

hydrogen bonding with water molecules. 

(The dotted lines refer to contacts with 
+ molecules. related by c translation.) ae 
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Syntex P2, diffractometer of which 1,200 were significant on 
the basis of F>3o (F). The data were of moderate accuracy 
due to the poor quality of the crystal specimen. 

The structure was solved by the application of MULTAN® 
and a difference Fourier synthesis and refined anisotropically in 
a full-matrix -least squares program to R = 11.9 % 

A view of the molecule, perpendicular to the base, is shown 
in Fig. 1. The orientation of the base about the glycosidic 
C1’-N9 linkage is anti, the only conformation so far observed 
in the crystal structures of nucleotides. The dihedral angles 
O1’-Cl’-N9-C8 and C2’-Cl’-N9-C8 are 40.3° and —75.8°. 

In the ribose ring, C2’ is displaced by 0.54 A from the mean 
plane through C3’, C4’, Ol’, Cl’ corresponding to a typical 
C2’-endo puckering. The conformation about the C4’-C5’ bond 
is gauche gauche with torsion angles O5’-C5’-C4’-C3’ = 57.0° 
and OS’-C5’-C4’-O1’ = —63.3°. The conformation about 
CS’-OS’ is trans (P1-O5’-C5’-C4’ = 147.1°). A similar 
conformation has also been proposed as the predominant 
structure of ADP in solution, from a Fourier transform nuclear 
magnetic resonance (NMR) study’. The pyrophosphate moiety 
has a staggered conformation. A striking feature of the 
structure is the observed difference of 0.10 A between the 
lengths of the two bridging bonds in the high energy linkage, 
which seems to be significant at the level of accuracy attained 
in the present analysis. The values for P1-O6’ and P2-06’ are 
1.54 and 1.64 A respectively with an estimated s.d. of 0.02 Å. 
The angle P1-O6’—P2 is 135° (e.s.d. 1°). Corresponding values 
in other nucleoside diphosphates recently determined by us are 
1.60 and 1.64A and 133° in cytidine diphosphocholine and 
1.58 and 1.62 A and 128° in cytidine diphosphoric acid”. 

In the crystal structure, the ADP molecule is folded but there 
is no Rbt+ bridge between the phosphate and adenine groups of 
the same molecule. Nor is there any evidence of other types of 
intramolecular interactions such as hydrogen bonding or metal 
binding between the pyrophosphate chain and the base or sugar 
moiety. In this respect, the ADP structure resembles the 
conformations found in the crystal structures of the dipotass1um 
salt of uridine-5’-diphosphate (M.A.V., M. L. Post and 
O.K., unpublished) and the monosodium salt of cytidine 
diphosphocholine, These coenzyme molecules, which are in 
very different crystalline environments, are also folded without 
any intramolecular metal ligation. They seem to take up the 
folded conformation preferentially and it is likely that any 
binding involving metal ions merely helps to stabilise the 
folded structure. A recent NMR study of ATP bound to 
lanthanide cations in aqueous solution has been interpreted 
in terms of a folded conformation, with the lanthanide ion 
bound only to the B and y phosphates but with no direct 
interaction with the purine ring. 

It is interesting to note that in contrast to the folded con- 
formation reported here, difference electron density maps 
suggest that ADP is in the extended form when bound to either 
lactate dehydrogenase! or phosphoglycerate kinase (refs 2, 3 
and H. C. Watson, personal communication). . 

The extended crystal structure shows no self association 
between the bases through either hydrogen bonding, or base 
stacking. Instead there are two pairs of hydrogen bonds linking 
the adenine base to phosphate group of two neighbouring 
molecules (Fig. 2). One of these pairs has the Watson-Crick 
geometry, while the other involves the amino group and the 
imidazole nitrogen N7. These interactions and the binding of 
Rb* to N3 may be relevant to the recognition of the base by 
polar side groups of amino acids and metal ions in ‘biological 
systems (to be published). The role of similar interaction in 
the sequence specific recognition of nucleic acids by proteins 
has recently been discussed by Seeman et al.12. - 

Figure 3 shows the role of the Rb+ ions and the water 
molecules. Each Rb+ ion-is bound to two ADP molecules 
through the negatively charged a and B phosphate oxygen 
atoms. The four Rb - - - O distances range from 2.85 to 3.33 A. 
The sixfold coordination around Rbt is completed by N3 of the 
adeny! base of a third molecule at 3.19A and the ribose 
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hydroxyl atom of the same molecule at 2.91 A. : 
The water molecules lie in sheets perpendicular to the a axis 
interlinking layers of Rb-nucleotide ` complexes through 
hydrogen bonding. : 
The investigation was supported by the Indian Council for 
Medical Research, the MRC and the SRC (visiting fellowship 
to M.A.V. and provision of the diffractometer). 
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Corrigendum 


In the article “Two short lived X-ray transients at high 
galactic latitude” by B. A. Cooke (Nature, 261, 564; 1976) 
the scale and legend to Fig. 2a are in error. The scale should 
read 13h not 3h and the source designation in the legend 
should be A1353—40 not A0353—40. : 


Errata 


In the article “‘Extinction-free measurements in crystallo- 
graphy” by A. McL Mathieson (Nature, 261, 306; 1976), a 
sentence was omitted in the editing process. On line 12 of 
paragraph 1 mention of refs 5-7 should be deleted, and line 
13 et seq. should read: 

“. . . is applicable. The possibility exists of extrapolating to 
this condition, as a practical procedure, in relation to 
asymmetric reflection’: Starting with...’ 

In paragraph 4 line 7 of the right-hand column of page 307 
‘ref. 8? should be ‘ref. 9’, and in the caption to Fig. 2 the 
reference on the first line should be ‘5’. í 


In the article “Phosphorylation of yeast RNA polymerases” 
by G. Bell, P. Valenzuela and W. J. Rutter (Nature, 261, 
429: 1976) symbols were omitted from Fig. la which make 
it difficult to understand. The correct symbols are as follows. 
”Pc.p.m. (©); RNA polymerase activity (@); Protein 
concentration ( ). : 





In the article “Simple mathematical models with very com-: 
plicated dynamics” by Robert May (Nature, 261, 459-467; 
1976) Figs 2 and 3 were transposed. The captions were 
in the correct position. 
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Introducing nuclear power 


Nuclear Power. (A Pelican Original ) 
By Walter C. Patterson. Pp. 304. 
(Penguin: Harmondsworth, Middlesex, 
March 1976.) 80p. 


WALTER PATTERSON’S book is written 
in two parts. The first, which he calls 
“The World of Nuclear Fission” is 
excellent, I have never read a better 
simple explanation of the theory and 
practice of nuclear reactors and their 
ancillary plants. I am less enthusiastic 
about the second part of the book, most 
of which deals with the hazards of 
nuclear power. It seems to me that, in 
his anxiety to make a case which is 
real, Patterson may be guilty of lack of 
balance. The impression which is given 
by the italic printing of some para- 
graphs is that they have been abstracted 
from official reports; my limited inside 
knowledge contradicts this impression. 
For instance, I have never heard the 
filters on the Windscale piles referred 
to as ‘“Cockcroft’s folly’. The stacks 
had not been built (as stated in italic 
script) when information from America 
made it clear that filters were a neces- 
sary precaution. 

These statements are, in themselves, 
of minor importance but they throw 
some doubt on italic accounts of other 
incidents, The italic paragraph about 
“the dramatic gesture of pouring away 
milk” after the Windscale incident 
seems to be romanticised; I had left 
the UK Atomic Energy Authority at 
the time of the incident and knew 
nothing of any discussions that took 
place but (although the milk could 
safely have been used in milk choco- 
late or as dried milk) it seems to me 
that it would have been a foolish firm 
which bought the milk and laid itself 
open to the unfounded accusation of 
selling a radioactive product. The italic 
paragraphs about the Enrico Fermi 
fast reactor and mention of the ‘China 
syndrome” are hardly a fair argument 
against the fast reactors which are 
being designed today and which use a 
ceramic and not a metallic fuel. 

The book does not emphasise the 
world’s real need for nuclear power. 
The rate of usage of exhaustable 
natural resources does not increase ex- 
ponentially to a sharp peak and sud- 
denly fall away to nothing; it conforms 
to a wave-shaped curve so that at some 
point in time growth becomes steadily 
slower until a peak is reached; and, 

e 





thereafter, growth becomes negative 
(that is, the rate of usage diminishes). 

There is good evidence to suggest 
that global resources of fossil fuels are 
such that we shall pass over the peak 
of such a curve at about the end of this 
century. It is highly improbable that 
renewable energy resources (wave 
power, solar energy and wind power) 
can make up the deficit; without 
nuclear power it is almost certain that 
standards of living will fall, 

Nuclear power does give rise to some 
hazards but nothing in this world is 
absolutely safe. Nuclear power plants 
can be made as safe or safer than very 
many other industrial plants provided 
that engineers are not over-ambitious 
in extrapolating either the design para- 
meters or the size of the construction 
programs With these reservations I 


reviews 


Lord Hinton of Bankside 


would sooner accept the hazards of 
nuclear power than the risk of an 
energy famine. 

The first part of Walter Patterson’s 
book is an outstandingly good intro- 
duction to nuclear power for the in- 
telligent layman. As a reminder of 
their responsibilities, Part 2 should be 
compulsory reading for those men who 
have responsibilities in the nuclear 
power industry; but its lack of balance 
may give a wrong impression to the 
lay-reader. J 





Lord Hinton of Bankside is Deputy 
Chairman of the Electricity Supply 
Research Council and was formerly 
Managing Director (Industrial Group) 
of the UKAEA and Chairman of the 
UK Central Electricity Generating 
Board. 


Macrophage house of fashion 





Immunobiology of the Macrophage. 
Edıted by Davıd S. Nelson. Pp. xviii+ 
633. (Academic’ New York and Lon- 
don, April 1976.) $39, £21.45. 


As the hemlines of Western ladies rise 
and fall and split and waver with each 
new season’s modish rhythm so do the 
fads and fancies of immunologically 
orientated biologists Thus lymphocytes 
were ‘discovered’ in the sixties and are 
probably presently at their apogee of 
man-hour involvement. The macro- 
phage was discovered at the turn of 
the century but, as Cohn puts it in the 
Introduction to this fascinating book, 
the doldrums soon descended on all 
but a few dedicated phagists. The book 
heralds the new golden age of the 
macrophage (compare Golden Age of 
Thymology; Miller, Lancet, 2, 1299; 
1967). 

Some of the 24 chapters, each writ- 
ten by a different expert in the field, 
deal with macrophage involvement in 
varidus in vitro cell preparations; 
others with the heterogeneity of macro- 
phages as determined by their site of 
origin and the complexities of their 
cell surfaces. The responses of macro- 
phages to chemotactic factors and their 
capacities to produce and liberate 
factors which affect other cellular com- 
ponents of the immunological or- 


chestra are described Many are the 
schemes of cell interaction. The papers 
by Volkman on monocytes, by Evans 
and Alexander on macrophage cyto- 
toxicity, by Holtermann ef al. on 
immunotherapy of skin tumours and 
that by Territo and Cline on macro- 
phage disorders in man are all at the 
end of the book and all well worth 
reading. 

The changes of tempo and topic 
make me long for the earlier one-man 
macrophage book of Nelson but he, ‘al- 
though remaining an editor, has aban- 
doned the role of a colossus in the 
field capable of comprehensive review. 
In spite of this dereliction of function it 
is Nelson’s summarising chapter 9 and 
final short chapter which are most 
useful to the outsider. As he says “In 
the evolution of our complex mammal- 
ian system they (macrophages) seem 
almost ubiquitous, emerging from ob- 
scurity to make some lysozymes contri- 
bute to the complement system, help a 
T cell, present a stimulus to a B cell, 
or quell an unruly mutant.” 

Those with time and deep pockets 
(do all books cost £20 these days?) 
should buy this book. It is well pro- 
duced, well edited and most inform- 
ative. But perhaps more important its 
mastery will put you in on the ground 
floor of the current macrophage house 
of fashion. A. J. S. Davies 
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Laser physics 


Laser Spectroscopy: Proceedings of 
the Second International Conference, 
Megève, June 1975. (Lecture Notes in 
Physics, Vol. 43). Edited by S. 
Haroche, J. C. Pebay-Peyroula, T. W. 
Hänsch and S. E. Harris. Pp. x+ 468. 
(Springer: Berlin and New York, 
1975.) DM 45; $18.50. 

THE development of tunable laser 
systems has radically altered the 
nature of atomic and molecular 
physics. Used in conventional spectro- 
scopy, the high intensity and mono- 
chromaticity of the tunable laser 
makes it an ideal probe of purely 
atomic properties such as excited 
state lifetimes, fine and hyperfine 
structure splittings and isotope shifts : 
the list of worthy results is endless. 
When the laser is used in a dynamic 
sense, new and exciting non-linear, 
intensity-dependent features emerge. 
Finally the extremely short duration 
of pulses generated by pulsed mode- 
locked lasers enables the photochemist 
to study ultrafast relaxation and 
transport mechanisms. This volume, 
demonstrates how laser spectroscopy 
has arrived at a semblance of maturity 
after a period of very rapid growth. 
The topics discussed here extend from 
the quantum electrodynamics of laser 
resonance fluorescence to laser iso- 


Sound basis 
for plant 
virology course 


Plant Virology: The Principles. By 
Adrian Gibbs and Bryan Harrison 
Pp. x+292. (Arnold: London, March 
1976.) £16. 


In the Preface to this excellent book 
the authors describe its gestation period 
as ‘lengthy’, which is scarcely more in- 
formative than a piece of string; but as 
they state that they aimed to provide 
a text at the university teaching level, 
a need not filled by books which have 
since appeared, I suppose that this one 
grew from notes prepared for lectures 
given to students of the Imperial 
College, University of London, by 
Gibbs and Harrison some 10 years ago 
while they were both at Rothamsted. 
This speculation is relevant to an assess- 
ment, since a gestation period of several 
years would account for some char- 
acteristics which might otherwise 
puzzle or even irritate a reader I am 
not suggesting that the book is out of 
date; far from it: I am referring to 
differences between chapters in style 
and depth. Problems of selection would 
have grown erratically as reference 


tope separation processes of economic 
importance. Invited papers presented 
at the conference are here printed 
directly from the authors’ typescripts. 

For me, some especially interesting 
papers were those of Cagnac on high 
resolution, two photon spectroscopy, 
Mollenauer on colour centre lasers, 
and Cohen-Tannoudji’s review of the 
currently fashionable dynamic Stark 
effect in resonance fluorescence. 
Workers in laser physics or atomic 
physics will find much in this volume 
to entertain and to stimulate One 
fascinating feature is the large num- 
ber of papers, some with carefully 
spelled-out background histories and 
dates, devoted to laser isotope separa- 
tion. On this the editors make the 
curious comment: ‘Unfortunately, 
the free flow of information was here 
still severely hampered by secrecy and 
classification, and the wisdom of in- 
cluding such a ‘political’ topic in the 
program has since been seriously 
questioned”. 

No doubt some of the new results 
presented at the conference for the 
first time will either appear or already 
have appeared elsewhere in the liter- 
ature. But as a review of the status 
of the field, this volume serves a very 
useful purpose and can be recom- 
mended to workers in atomic and 
laser physics. Peter Knight 


lists lengthened because research papers 
proliferated on fashionable topics; as 
the cost of publication rose at an 
accelerating rate, hard choices would 
have to be made. 

The layout of the book provides a 
sound basis for a lecture course for 
undergraduates. After the history and 
scope of plant virology, some groups of 
viruses and the cryptogram system are 
described, followed by accounts of 
virus effects on plants, and methods of 
experimental transmission. The next 
chapter deals with the composition and 
structure of plant viruses in considera- 
able depth and seems over-elaborate 
compared with others Purification and 
properties are well covered in chapter 
6, although the use of liquid nitrogen 
and of polyethylene glycol in extraction 
seem strange omissions. Assay methods 
are clearly described in three chapters 
separately considering infectivity, sero- 
logy and physicochemical methods. 
After chapters on effects of inactivation 
and behaviour of viruses in plants, one 
on variation, strains and classification 
seems misplaced between them and 
those on means of transmission, eco- 
logy and ways of preventing crop losses. 
In my view, part of the penultimate and 
all of the final chapter should have 
been omitted and the space used to ex- 
pand those chapters which seem unduly 





Nature Vol. 262 July 15 1976 


ATLA 
ABSTRACTS 


is published twice yearly and 
contains news, reviews, and 
abstracts on “Alternatives To 
Laboratory Animals”. Coverage 
includes a variety of disciplines in 
a wide selection of world 
scientific literature. 


Have you a copy in your Library? 
If not, a free specimen will be sent 
on request. 


FRAME, 
312a Worple Road 
London SW20 8QU 


(Fund for the Replacement of Animals in 
Medical Experiments) 


(Registered Charity No. 259464 England) 
Tel: 01-946 1450 


Circle No. 09 on Reader Enquiry Form. 


compressed—for example, ‘Effect of 
Viruses on Plants’; the subjects in 
question are ‘Viruses of Animals’ and 
‘Plant Pathogens Confused With 
Viruses’. 

The production is excellent (as befits 
its price), with clear type and illustra- 
tions and agreeably few typographical 
errors. I regret the absence of titles 
from the references, making it labor- 
ious to check that all are worth inclu- 
sion; one suspects that the authors’ 
assurance that, in spite of their selec- 
tion having been ‘‘somewhat arbitrary, 
most important papers are included,” 
refers mainly to those by themselves 
and co-workers; otherwise the choice 
might best be described as whimsical. 

The authors have disregarded their 
own warning in at least one instance. 
They rightly stress the hazards of 
identifying viruses on inadequate data, 
yet they apply the name “swollen 
shoot” to a virus of cacao trees in 
Trinidad. To the best of my knowledge, 
this and the West African swollen 
shoot virus have no established affinities 
besides a common vector. 

Unquestionablv this book is a valu- 
able addition to the few on plant viruses 
and will be welcomed especially by the 
small band who teach the subject at 
English-speaking universities. 

A. F. Posnette 
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Islamic science 


Islamic Science: An Illustrated Study. 
By Seyyed Hossein Nasr. Pp. xiv+273. 
(World of Islam Festival: London, 
1976.) £12.50. 


A HANDSOME book, with 135 colour 
plates and 94 black-and-white pictures 
and diagrams, the photographs mostly 
by Roland Michaud. As for Seyyed 
Hossein Nasr’s text, it may be recom- 
mended to those who already know 
enough about the subject to make 
allowances for the author’s lack of 
objectivity and not to be led astray 
by his inaccuracies and his Humpty- 
Dumptyish way with words. Many of 
the author’s convictions are shared by 
all reasonable people. But what the 
reader must bear in mind is that, 
although the implied contrast through- 
out is between the Islamic and non- 
Islamic worlds, what the author is 
really contrasting is the modern virtu- 
ally world-wide technological civilisa- 
tion on the one hand and an idealised 
Islamic Golden Age on the other. “In 
contrast to the modern situation, in 
traditional technology, of which many 
examples can still be seen in the Islamic 
world, the maximum possible re- 
cycling of all materials has always been 
the rule rather than the exception. . . 
The use of every part of the sheep for 
purposes as far apart as feeding the 
family to providing fertiliser for the 
land to making strings for musical in- 
struments is a case in point” (p234). 
A case in point indeed; it was no less 
true in eleventh-century Birmingham 
than in eleventh-century Baghdad. 


Petroleum geology 
of North American 
continental shelves 


Canada’s Continental Margins and 
Offshore Petroleum Exploration. 
(CSPG Memoir No. 4.) Edited by C. J. 
Yorath, E. R. Parker and D. J. Glass. 
Pp.898. (Canadian Society of Petroleum 
Geologists: Calgary, Alberta, 1975.) 
$19. 

Tus excellent book is unfortunately 
misnamed, and may be ignored by 
European geologists (and especially 
petroleum geologists), for whom it may 
be very useful. Essentially this volume 
describes the geology of the continental 
shelves of North America, from Van- 
couver on the west coast to Florida on 
the east coast, of the Arctic Shelves 
adjacent to Canada, Greenland, 
Svalbard and Russia, and of the East- 
ern Atlantic shelves from North Cape 
to Morocco. These areas are described 
on the basis of geophysical maps, sea- 
bed sampling, sparse well control and 
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Contemporary Persian alchemist at work 


The central thesis of the book 
seems to be summed up on pl50: 
“Islamic civilisation had the means to 
make complicated machines and apply 
them to the problems of the daily life 
of the Islamic community. But like the 
Chinese, who made gunpowder but 
never made guns, the Muslims never 
took that step which would mean the 
creation of a technology out of har- 
mony with the natural environment.” 
The comparison with China, by the 
way, would be more acceptable if the 
previous page were not devoted to illus- 


adjacent onshore geology. These data 
are interpreted in the light of plate 
tectonics theory, and most papers re- 
view the petroleum prospects in the 
areas concerned. 

The volume contains 50 papers 
which were presented at two symposia: 
the Offshore Symposium held at St 
John’s, Newfoundland in May 1974, 
and in Calgary, Alberta in September 
of the same year. The editors took the 
view that it was more important to 
publish the book in haste, with minimal 
editing, rather than to delay publica- 
tion for careful editing and prepara- 
tion. This was probably the correct 
decision. A page of errata is included; 
there seem to be few misprints. Be- 
cause of this haste there are maps 
without scales (for example, p301, 302, 
304, 309), metres and feet get used for 
vertical depths on facing pages in the 
same paper (p570, 571), some micro- 
photographs have no scale (p626), some 
ornaments are not explained in keys 
(p651), and some gravity maps lack 
contour values (p304). Although the 


trations from Muslim works on the 
manufacture of cannon. Medieval 
Muslim men of science did not invent 
the steam-engine or the dynamo; nor 
did their Christian contemporaries, and 
no discredit to either party for that. 
But can one ascribe this failure to a 
conscious self-denying ordinance? It 
seems an affront to the genius of such 
men as al-Biruni and Ibn al-Haytham 
to suggest that they were less willing 
than any Western savant “To follow 
knowledge like a sinking star, Beyond 
the utmost bound of human thought.” 

As for the other faults alluded to 
above, one example of each must 
suffice. “In Islam animals are never 
‘slaughtered’; they are only allowed to 
be killed ritually (dhibh)” (p244; for 
dhibh, incidentally, read dhabh). This 
will be about as meaningful to most 
readers as saying “In France people 
never ‘drive’ cars; they only conduisent 
them”. 

“In Islamic sources the one Hermes 
of Alexandrian sources became three, 
hence the term Hermes Trismegistos 
(from the Arabic al-muthallath bi'l- 
kikmah) . . . ” (p198). As the term was 
in use in the early third century, 400 yr 
before the coming of Islam, either Dr 
Nasr is wrong or someone in the 
Hellenistic world deserves credit for a 
remarkable piece of intelligent anti- 
cipation. 

One feels a little mean at criticising 
so urbane a guide to Cloud-cuckoo- 
land; with caution on the part of the 
reader, this is a useful book. Even 
without, it is very beautiful. 

G. L. Lewis 





editors claim to have checked refer- 
ences for ease of retrieval, I defy any- 
one to track down those listed on p852. 

Much of the material is new, at least 
to this reviewer. Some of the North 
American east coast data have been 
published previously in the bulletins of 
the American Association of Petroleum 
Geologists, and even of the Canadian 
Society of Petroleum Geologists itself. 
Similarly the material presented on the 
continental shelves of north-western, 
Europe will be familiar to those who 
have read Petroleum and the Con- 
tinental Shelf of North-west Europe, 
edited by A. W. Woodland (for review, 
see Nature, 259, 607; 1976). 

On balance, however, the editors are 
to be congratulated for having collated 
so much data on such a wide area from 
so many sources. This volume will 
provide a valuable source book for 
geologists, and especially petroleum 
geologists who are interested in the 
continental shelves of North America, 
the Arctic and Europe. 

R. C. Selley 
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obituary 





David M. Dennison died on April 3, 
1976 at his home in Ann Arbor, 
Michigan. He was born on April 26, 
1900 in Oberlin, Ohio, and, except for 
various leaves of absence, spent his 
whole academic career at the Uni- 
versity of Michigan, where he joined 
the faculty in 1927. He was chairman 
of its Physics Department from 1955 
to 1965 and retired in 1971. He was a 
member of the National Academy of 
Sciences, a Fellow of the American 
Physical Society and the recipient of 
various honours. 

With his death, the world of Physics 
loses again one of that small number of 
pioneer theorists who made early basic 
contributions to quantum mechanics 
and to the understanding of the struc- 
ture of matter, contributions which 
today are regarded as self-evident. 
Dennison obtained his Ph.D. in 1924 
from the University of Michigan, where 
Harrison M. Randall and coworkers 
were using powerful new techniques for 
the observation of the infrared spectra 
of molecules. Dennison then spent three 
years visiting various physics centres in 
Europe. In 1926, when he was in Cam- 
bridge studying with R. H. Fowler, he 
proved that the hydrogen nucleus has a 
spin whose magnitude was half that of 
a quantum of rotation. That this 
nucleus might have a spin had been 
talked about widely, but no evidence 
had been presented. It is the more 
remarkable that Dennison’s proof did 
not come from spectroscopic data, but 
from the study of a baffling anomaly in 
the variation with temperature of the 
specific heat of hydrogen. Dennison 
showed that the two configurations of 
the hydrogen molecule, one with 
parallel, the other with opposite nuclear 
spins, must be considered as two 
separate gases and that transitions from 
one into the other are very rare. This 


gave a complete quantitative explana- 
tion of the specific heat anomaly as 
well as a clarification of spectral data. 
That the volume ratio of the two gases 
had to be taken as three to one deter- 
mined the value of the spin. The recog- 
nition of these two forms of hydrogen 
has today found an important use in 


the long-term storage of liquid 
hydrogen. 
Another remarkable contribution 


made by Dennison in 1932 concerns the 
ammonium molecule NH, In this 
molecule the nitrogen atom is in the 
centre of the triangle, but just outside 
the plane, formed by the three hydro- 
gen atoms. Dennison noted that a 
quantum mechanical effect makes it 
possible for the nitrogen to ‘leak’ 
through to the other side. The details 
were worked out in collaboration with 
G. E. Uhlenbeck, also at Michigan. It 
was shown that this non-classical effect 
caused the molecule to absorb radiation 
of ~1.5-cm wavelength, which might 
be produced by miniature magnetrons. 
Dennison inspired N. H. Williams and 
C. E. Cleeton at Michigan to attempt a 
unique experiment to detect this 
absorption. It was successful and repre- 
sents the first experiment in microwave 
spectroscopy. During the second world 
war, Dennison collaborated with a 
group developing proximity fuses. 
Afterwards he spent some time together 
with T. H. Berlin computing orbits for 
the Michigan electron accelerator, 
though his primary interest remained 
the quantum theory of molecular struc- 
ture and the interpretation of their 
spectra to which he contributed many 
important advances. 

David Dennison was an excellent 
teacher with a genuine concern for 
students. He was a modest person, who 
never lost his temper and had many 
interests outside the field of physics. 


He was a fine scholar, a helpful friend 
with whom it was a great and beneficial 
pleasure to discuss all sorts of prob- 
lems. 

Samuel A. Goudsmit 


Hans Thirring, Professor emeritus at 
Vienna University, died on March 22, 
1976. He held the chair of Theoretical 
Physics from 1927 to 1958, except dur- 
ing the time of the Nazi regime when 
he was dismissed because of his pacifist 
convictions, 

Thirring’s scientific work dealt mainly 
with problems in general relativity. 
The prediction of the ‘“Thirring-Lense 
effect’ is widely known. He also made 
important contributions to the quan- 
tum theory of specific heats. His 3-yr 
course on theoretical physics was an 
excellent example of how to present 
complicated material in a crystal clear 
way, and many generations of young 
physicists profited greatly from his out- 
standing teaching. 

During World War 2 Thirring’s 
thinking concentrated on the question 
how to achieve a peaceful world. The 
horrific prospects of nuclear warfare 
stimulated his activities. Thirring was 
the first to predict openly the feasibility 
of a hydrogen bomb, in his book Die 
Geschichte der Atombombe (1946). 
His further book, Homo Sapiens, out- 
lined an educational and psychological 
way to a world without aggression, 
hatred and war. He was realist enough 
to expect not too much effect on man- 
kind from the written word alone, and 
be put his convictions into practice. He 
was one of the pioneers of the Pugwash 
movement and he considered this free 
community of scientists of high reputa- 
tion from all nations as one of the few 
hopeful developments towards peace in 
his time and for the future. 

P. Weinzierl 








announcements 





Appointments 


Professor Frans E. Wickman has been 
elected President of the Royal Swedish 
Academy of Sciences. 


Dr A. Bull has been appointed to the 
second Chair in Applied Biology at 
the University of Wales, Cardiff. 


Dr Ernest Ambler has been appointed 
the new Director of the National 
Bureau of Standards. 

Professor Robert F. Whelan has been 
appointed Vice-Chancellor of the Uni- 
versity of Liverpool. 


Professor Francois Gros has been ap- 
pointed as Director of the Institut 


Pasteur. 


Dr Donald D. Brown will become the 
Director of the Carnegie Institution of 
Washington’s Department of Embry- 
ology to succeed Dr James D. Ebert 
who is moving to the Marine Biological 
Laboratory in Woods Hole as the full- 
time President and Director. 
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Awards 


The German Pharmacological Society 
has given the Schmiedeberg-Plakette 
to Dr Hans Kosterlitz of the University 
of Aberdeen for his work on opiate 
receptors. 


Sir Karl Popper has been elected a 
Fellow of the Royal Society. 


The IMO Prize has been awarded to 
Academician Evgeny K. Fedoroy of the 
Institute of Applied Geophysics of the 
Academy of Sciences of the USSR 


Sir James Lighthill and Dr Max Perutz 
have been elected associate members 
of the French Academy. 


Meetings 

August 18-21, Convention of the 
Western Amateur Astronomers, San 
Diego (PAA Reservations, PO Box 
505, San Marcos, California 92069). 


August 30-September 2, The Physics of 
X-Ray Spectra, Gaithersburg, Mary- 
land (Dr W. G. Schweitzer, Physics 
Building, Room B164, NBS, Washing- 
ton DC 20234). 


August 30-September 3, 4th Symposium 
on Recent and Fossil Marine Diatoms, 
Oslo (Dr G. R. Hasle, Department of 
Marine Biology and Limnology, Uni- 
versity of Oslo, PO Box 1069 Blindern, 
Oslo 3, Norway). 


September 5-10, Cell Biology, Boston 
(The Secretary, First International 
Congress on Cell Biology, PO Drawer 
ICCB, Boulder, Colorado 80302) 


September 6-8, 5th European Droso- 
phila Research Conference, Louvain- 
La-Neuve (Professor F. A. Lints, 
Laboratoire de Génétique, Université 
de Louvain, Place Croix du Sud 2, 
B-1348 Louvain-La-Neuve, Belgium). 


September 6-8, Lipid Biochemistry, 
Paris (J. Polonovski, Faculté de 
Médecine Saint-Antoine, 27 rue Cha- 
ligny, 75571 Paris Cedex 12, France). 


September 6-10, Soil Organic Matter, 
Braunschweig, FRG9 (The IAEA, 
Kartner Ring 11, PO Box 590, A-1011 
Vienna, Austria). 


September 13-24, Oceanography, Edin- 
burgh (The Organising Committee, 
Joint Oceanographic Assembly 1976, 
c/o The Royal Society of Edinburgh, 
22 George Street, Edinburgh EH2 


2PQ, UK). 
September 14-16, Powder Coating, 
Cincinnati (AFP/SME, 20501 Ford 


Road, PO Box 930, Dearborn, Michi- 
gan 48128). 


September 14-17, Nutrition, Munich 
(Dr Angelika Janssen, Organisation 
Secretary, 2nd European Nutrition 
Conference, Medizinische Poliklinik 


der Universitat Miinchen, Pettenkofter- 
strasse 8a, D 8000 Munchen 2, FRG). 
September 14-17, 3rd Symposium on 
Pharmacology of Thermoregulation, 
Banff, Alberta, Canada (Prof. K. E. 
Cooper, Division of Medical Physio- 
logy, Faculty of Medicine, The Uni- 
versity of Calgary, Calgary, Alberta, 
Canada T2N 1N4): 


September 15, DNA Repair and Late 
Effects, Vienna (Institut fiir Biologie, 
Forschungszentrum Seibersdorf, A-244 
Seibersdorf, Austria). 


September 19-22, Gallium Arsenide 
and Related Compounds, Edinburgh 
(The Meetings Officer, The Institute of 
Physics, 47 Belgrave Square, London 
SWIX 8QX). . 

September 20-24, Thermal Analysis, 
Salford (Dr D. Dollimore, Department 
of Physical Chemistry, University of 
Salford, Salford M5 4WT, UK). 
September 22-24, Turbulence in 
Liquids, Rolla, Missouri (Turbulence 
Symposium, Extension Division, Uni- 
versity of Missouri-Rolla, Rola, Mis- 
souri 65401). 

September 23-24, Symposium on Eco- 
logical Effects of Pesticides, London 
(Institute of Biology, 41 Queen’ s Gate, 
London SW7 SHU). 

September 24-26, Instrumentation for 
Synchrotron Radiation, Daresbury (Mrs 
S. A Lowndes, Daresbury Laboratory, 
Warrington WA4 4AD, UK). 


September 27-29, Wetting, Spreading 
and Adhesion, Loughborough (Dr R. J. 
Akers, Department of Chemical Engin- 
eering, University of Technology, 
Loughborough, Leicestershire LE11 
3TU, UK). 


October : 3-9, Hill Land, Aisesaniown 
(R L Reid, Hill Land Symposium 
Committee, College of Agriculture and 
Forestry, West Virginia University, 
Morgantown, West Virginia 26506). 
December 2-9, Pharmacology, Buenos 
Aires (VI Congreso Latinoamericano 
de Farmacologia, Junin 956-5° piso, 
Buenos Aires, Argentina). 


March 7-11, 1977, Tropical Ecology, 
Panama (Dr Reina T. de Aratiz, Presi- 
dent, Organising Committee, IV Inter- 
national Symposium of Tropical 
Ecology, PO Box 662, Panama 1, Rep. 
of Panama) 


March 7-11, 1977, Biologically Active 
Polypeptides, Montbello, Quebec (CBS- 
CIC 1977 Joint Symposium, 151 Slater, 
Suite 906, Ottawa, Ontario KiP 5H3, 
Canada). 


March 30-April 1, 1977, Cybernetics of 
Movement and Classification, Munich 
(Univ.-Doz. Dr G. Hauske, Lehrstuhl 
fur Nachrichtentechnik der ‘Tech- 
nischen Universitit München, Arcis- 
strasse 21, D-8000 München 2, FRG). 
April 24-30, 1977, Radiation Pro- 
tection, Paris (Mr Gilbert Bresson, 
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General Secretary, IRPA IVth Inter- 
national Congress, B.P.33, 92260- 
Fontenay-aux-Roses, France). 


May 2-5, 1977, Cytology, Tokyo (A. 
Meisels, MD, FIAC, General Secretary, 
6th International Congress of Cytology, 
1050 Chemin Ste-Foy, Quebec 6, P.Q., 
Canada). 


June 19-25, 1977, Inborn Errors of 
Metabolism in Man, Tel Aviv (Scien- 
tific Secretariat, Dr O. Sperling, PO 
Box 16271, Tel Aviv, Israel). 


June 27-July 1, 1977, Amorphous and 
Liquid Semiconductors, Edinburgh 
(Conference Secretariat, Centre for In- ° 
dustrial Consultancy and Liaison, Uni- 
versity of Edinburgh, 14 George 
Square, Edinburgh EH8 9JZ). 


July 3-8, 1977, Immunology, Sydney 
(The Secretary General, 3rd Inter- 
national ‘Congress of Immunology, PO 
Box 391, Darlinghurst, N.S.W. 2010, 
Australia). 


July 11-14, 1977, Dendrochronology in 
Northern Europe, London (The Organ- 
ising Secretary, Symposium, National 
Maritime Museum, Greenwich, Lon- 
den SE10 9NF). 


August 7-13, 1977, General Relativity 
and Gravitation, Waterloo, Ontario 
(GR8, Applied Mathematics Depart- 
ment, University of Waterloo, 
Waterloo, Ontario N2L 3G1, Canada). 


September 5-8, 1977, New Processes of 
Waste Water Treatment and Recovery, 
London (Deadline for abstracts: 
December 31), (Dr D H. Sharp, 
General Secretary, Society of Chemical 
Industry, 14 Belgrave Square, London 
SWIX 8PS, UK). 


September 5-9, 1977, Hypoxic Cell 
Sensitisers in Radiobiology and Radio- 
therapy, Cambridge (Dr G. E. Adams, 
CRC Gray Laboratory, Mount Vernon 
Hospital, Northwood, Middlesex HA6 
2RN, UK). 


September 6-11, 1977, 11th World 
Congress of Neurology, Amsterdam 
(Secretariat, c/o Holland Organising 
Centre, 16 Lange Voorhout, The 
Hague, The Netherlands). 


September 13-16, 1977, Nuclear Quad- 
rupole Resonance Spectroscopy, Osaka, 
Japan (4th International NQR Sym- 
posium, Faculty of Science, Osaka 
University, Toyonaka 560, Japan). 


Autumn, 1977, Phosphate Compounds, 
Rabat, Morocco (Mr M. Kabbaj, 
Director of Technical Research, In- 
stitut Mondial du Phosphate, 8 rue de 
Penthiévre, 75008 Paris, France). 


Reports and Publications 


Australia) Commonwealth Scientific and Industrial 
Research Organization. Division of Food Research: 
Report of Research 1974/1975 Pp. 115 (Sydney: 
CSIRO, 1975.) (113 
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The United Republic of Tanzania Ministry of 
Commerce and Industries. Annual Report of the 
Mineral Resources Division, 1967 Pp. i + 104 
(Dodoma, Tanzania’ Geology and Mines Division, 
1974 ) Shs.8/- 123 

CERN—European Organization for Nuclear Re- 
search. CERN 76-02 List of Publications Covering 
Bubble Chamber Experiments Carried Out at CERN 
During the Period 1960-1974 Compiled by E. W D. 
Steel. Pp vu + 110. (Geneva CERN, 1976) [123 

Canada Department of Energy, Mines and 
Resources Geological Survey of Canada. Bulletin 233° 
Structural Style Influenced by Lithofactes, Rocky 
Mountain Main Ranges, Alberta—British Columbia 
By D. G. Cook Pp. 73 $4 Bulletin 245- The Geology 
and Petrology of the Ice River Alkaline Complex, 
British Columbia By K L. Currie. Pp 68. $6. Bulletin 
252 Muosporesand Microplankton from Aptian-Albian 
Rocks Along Horton River, District of Mackenzie 
By W. W. Brideaux and D J McIntyre Pp. 85 (14 
plates). $6. Paper 74-37° Cambrian Sttatigraphy from 
Western Alberta to Northeastern British Columbia 
By D. C. Pugh Pp. vi + 31 (Ottawa Information 
Canada, 1975.) (123 

CERN—European Organization for Nuclear Re- 
„search, CERN 76-01 Copper-Beryllium Alloys for 
Technical Applications By W Heller. Pp. 39. (Geneva 
CERN, 1976 ) [16 

United States Department of the Interior: Geological 
Survey Professional Paper 784 Early Paleozoic 
Brachiopods of the Moose River Synclinorium, 
Maine By Arthur J Boucot Pp iv + 81 + 23 plates 
$1.75. Professional Paper 865 Normapolles Pollen 
from the Miıssıssıppı Embayment By Robert' H 
Tschuddy. Pp v + 42 + 20 plates (Washington, DC 
US Government Printing Office, 1973 and 1975) [163 

United States Naval Observatory Circular No 152: 
Total Solar Eclipse of 23 October 1976 By Alan D 
Fiala and J. S. Duncombe Pp 23. (Washington, DC 
US Naval Observatory, 1975 {173 
CERN—European Organization for Nuclear Research 
CERN 76-03: Systeme Tridimensionnel de Coordon- 
nees Utilise au CERN Par J Gervaise, M Mayoud 
et E, Menant. pP 21 (Geneve: CERN, 1976.) [173 

Unıted States Department of the Interior Geological 
Survey. Bulletin 1401. Rapid Analysis of Silicate, 
Carbonate, and Phosphate Rocks—Revised Edition. 
By Leonard Shapiro. Pp v + 76 Bulletin 1417" 
Annotated Bibliography of Studies on the Density 
and other Volumetric Properties for Mayor Compon- 
ents in Geothermal Waters, 1928-74 By R W. Potter, 
II, D. R Shaw and J. L. Haas, Jr Pp 11 + 78 Water- 
Supply Paper 1798-L: Effects of Land Use and 
Retention Practices on Sediment Yields in the Stony 
Brook Basin, New Jersey. By Lawrence J. Mansue and 
Peter W. Anderson. Pp. 1 + 33 55cents Water-Supply 
Paper 2039-A* Chemical Quality and Temperature 
of Water in Flaming Gorge Reservoir, Wyoming 
and Utah, and the Effect of the Reservoir on the 
Green River By E L. Bolke and K. M. Waddell 
Pp. iv + 26 + plate 1. (Washington, DC. US Govern- 
ment Printing Office, 1973, 1974 and 1975 ) (183 

Planning and Organization of Services for Alcohol- 
ism and Drug Dependence—Report on a Symposium, 
Albi, 30 Tune—4 July 1975. Pp. 49. (Copenhagen 
Regional Office for Europe, WHO, 1976 ) [183 

Smithsonian Contributions to Paleobiology, No 19 
Permian Brachiopods of West Texas, III By G. Arthur 
Cooper and Richard E. Grant. Part 1 Text Pp x + 
795-1298. Part 2° Plates vin + 1299-192} (Washing- 
ton, DC Smithsonian Institution Press, 1975 For 
sale by US Government Printing Office.) [183 

United States Department of the Intertor Geological 
Survey. Bulletin 1408: New and Refined Methods of 
Trace Analysis Useful 1n Geochemical Exploration, 
By F. N. Ward. Pp. iv + 105 (Washington, DC: US 
Government Printing Office, 1975 ) [193 

National Research Council! Canada. NRCC No. 
14106 Arboviruses and Human Health in Canada. 
By D.M McLean. Pp, 35. (Assoctate Committee on 
Scientific Criteria for Environmental Quality ) (Ottawa 
National Research Council Canada, 1975.) $1.25 [193 

Norsk Polarinstitutt. Arbok 1974 Pp. 269. (Oslo 
Norsk Polarinstitutt, 1976.) [223 

United States Department of the Interior Geological 
Survey. Bulletin 1405-B- A Summary of Tertiary 
Volcanic Stratigraphy of the Southwestern High 
Plateaus and Adjacent Great Basin, Utah By Peter D. 
Rowley, John J. Anderson and Paul L Williams. 
Pp. iv + 20. (Washington, DC US Government 
Printing Office, 1975.) [223 

Smithsonian Contributions to Zoology, No 217 
Cyclopoid Copepoda Associated with Asteroid 
Echinoderms tn New Caledonia By Arthur G Humes 
Pp. u1 + 19. (Washington, DC. Smithsonian Institution 
Press, 1976 For sale by US Government Printing 

ffice.) {223 

Royal Netherlands Meteorological Institute Pub- 
lication No. 153 On Earthquake Rusk for Nuclear 
Power Plants (Proceedings of the ESC Symposium 
tn Luxembourg on 20-22 October 1975) Edited by 
A R Ritsema Pp. 192 (De But, Netherlands Royal 
Netherlands Meteorological Institute, 1976 ) [223 

Settlement in Israel (Israel National Report to 
Habitat, United Nations Conference on Human 
Settlements ) Edited by Valerie Brachya and Paulette 
Mandelbaum. (Publication No 76-01) Pp 79. 
Gerusalem: Ministry of the Interior, Environmental 
Protection Service, 1976 ) [253 

The Buffaloes of China. By W. Ross Cockrill 
(Austrahan| Freedom from Hunger Campaign.) 
Pp. x + 96. (Rome FAO; London HMSO, 1976) 
$8 [253 

United States Department of the Interior. Geological 
Survey. Professional Paper 80! Jurassic Paleobio- 
geography of Alaska. By Ralph W Imlay and Robert 
L. Detterman Pp in + 34 (Washington, DC US 
Government Printing Office, 1973 ) 65 cents. (253 


Person to Person 


Scientist going on sabbatical from 
Jerusalem would like to exchange 
flats with someone in London. 
Four-room flat (3 bedrooms), cen- 
tral heating and all conveniences 
with schools nearby near the He- 
brew University (Beit Hakerem). 
Available mid-August 1976 for 12 
months (Dr S. Moshkovitz, Geo- 
logical Survey, 30 Malkhei Street, , 
Jerusalem, Israel.) 


NASA is seeking proposals for 
scientific investigations of Jupiter, 
to make in situ (by probe) and 
remote measurements (by orbiter) 
of the planet, its environment and 
its satellites. Primary emphasis is 
on direct entry measurements and 
the characterisation of the mag- 
netosphere of the planet and its 
interaction with the satellites. 
Proposals for the Probe investiga- 
tions: by November 1, 1976, and 
for the Orbiter investigations, 
December 1, 1976 to Dr M. A 
Mitz, Chief, Advance Planning, 
Lunar and Planetary Programs 
Office, Code SL, NASA Head- 
quarters, Washington, DC, 20546. 


A seminar on Scientific and Tech- 
nical Publishing in a Multilingual 
Society is being held in Luxem- 
bourg by the Commission of the 
European Communities on Novem- 
ber 11-12, 1976. The chief aim is 
to generate proposals for measures 
which might be taken in the frame- 
work of the European Community. 
For further information contact 
Mr J. M. Gibb, D.G. XIII, Euro- 
pean Centre, Kirchberg, Luxem- 
bourg. 


The David Anderson-Berry prize 
will be awarded for recent work on 
the effects of X-rays and other 
forms of radiation on living tissues. 


Twenty-Two Dimensions of the Population Problem. 
By Lester R Brown, Patricia L. McGrath and Brice 
Stokes (Worldwatch Paper No 5) Pp 83 (Washing- 
ton, DC: Worldwatch Institute, 1776 Massachusetts 
Avenue, NW., 1976 ) $2. (263 

Journal of Mémbrané Sciéncé, Vol. 1, No. 1, March 
1976. Edited by H. K Lonsdale Pp 1-114. Published 
Quarterly Subscription rate —- US$5695, DA. 142 
(Amsterdam Elsevier Scientific Publishing Company, 
1976.) 293 

Academie Royale de Belgique Annuaire pour 1976. 
Pp 302. (Bruxelles. Academie Royale de Belgique, 
1976 ) [293 

Introducing WHO Pp 88. (Geneva. WHO, London 
HMSO, 1976.) Sw fr 10 293 

Service d’Etude des Sols et de la Carte Pedologique 
de France, Carte Pedologique de France a 1/1000,000. 
Angouleme, H-16. Notice Explicative par G. Callot 
Pp. 171 (Versailles Institut National de la Recherche 
Agronomique, 1975 ) F.53.50. 

Académie Royale de Belgique. Mémorres de la 
Classe des Sciences. 2e Serie, T CLII, Fasc. 1 
Structures Presque Complexes Généralisées Equations 4 
Structure Presque Complexe. Par Jran-Claude Vans- 
nick. Pp 46. (Bruxelles Academie Royal de Belgique, 
1975.) 


Argentino Dureccion Nacional del Antartico. 
Contribucions. No 169- Caracteristicas Teratologicas 
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Published work will be taken into 
consideration if submitted with the 
‘application In addition to direct 
application for the Prize, proposals 
may be made on behalf of others. 
Applications and proposals must 
be in the hands of the General 
Secretary, Royal Society of Edin- 
burgh, 22/24 George Street, Edin- 
burgh EH2 2PQ, Scotland, not 
later than September 30, 1976. 


The Bigfoot Research Society is 
looking for organisations willing 
and able to analyse specimens 
hoped to be collected during field 
studies of this shy animal. Write 
to: James R. Spink, Bigfoot Re- 
search Society, PO Box 61-1564, 
North Miami, Florida 33161. 


‘Sydney-Paris. Wanted, two- to 
three-bedroom furnished flat or 
house within commuting distance 
of Meudon-Bellevue (Paris) in ex- 
change for a three-bedroom fur- 
nished house in Lindfield (13 km 
N of Sydney) for approximately 
lyr beginning during September 
1976. Dr D. M. Eagles, National 
Measurement Laboratory, CSIRO, 
Chippendale, NSW 2008, Australia. 


ACCOMMODATION: Scientist going 
on sabbatical leave to Orsay offers 
exchange of comfortable three- 
bedroom house in Peterborough, 
Ontario, Canada for a similar one 
in the southern or south-eastern 
suburbs of Paris from September 1, 
1976 to August 31, 1977. Please 
contact Professor R. Alfred, 
Physics Department, Trent Uni- 
versity, Peterborough, Ontario, 
Canada. 


There will be no charge for this service. 
Send items (not more than 60 words) to 
Martin Goldman at the London office. The 
section will include exchanges of accommo- 
dation, personal announcements and scientific 
queries We reserve the right to decline 
material submitted. No commercial trans- 
actions 


en Coscinodiscus Bouvet Karst en Puerto Paratso y 
Estrecho de Bismarck, Antartida. Por L J C. Mertinez 
Maccdiavello. Pp 9 No 171. Estrucura y Citologia 
Pineal en Pinguinos Antarticos Estudio Comparativo 
en dos Especies (Pygoscelis Papua y Adeliae) Por 
L. G A. Benelbaz y Dr. Ramon S. Piezzi. Pp. 15 
No. 172 Rasgos Morfologicos de Isla Decepcion, 
Islas Shetland del sur Antartida Agentina Por Antonio 
P Igarzabal. Pp. 30. No. 173: Geologia del Extremo 
Occidental del Cabo Spring—Costa de Danco, 
Anartida Argentina Por R. A. Llorente, J E. Mendia y 
J. P. Sptkermann. Pp. 19. No. 174 Estado Volcanico 
de la Isla Decepcion, Islas Shetland del Sur, Antartid a 
Argentino. Por J G_Viramonte y Nestor H. Fourcade. 
Pp. 12 No 182- Caracterizacion de los Estados dy 
Vigila y Sueno de Phálácrocoráx Aartricéps (Aves, 
Phalacrocoracidae) Por A. P. Tomo, J S Panizza y 
J.M Affani. Pp 14. No. 183: El Ststema Inmuno- 
globulinico del Pygoscelis Papua Por O D Castrelos, 
M Romero Mercado, C Abatangelo y R A. Margni 
Pp 12 (Buenoa Sires Instituto Antartico Argentino, 
1973 and 1974.) 3 
Smithsonian Contributions to Zoology. No 216. 
Study of the Monotypic Fish Family Pholidichthyidae 
(Perciformes) By Victor G. Springer and Warren 
C Frethofer Pp. m + 43. (Washington, DC: Smith- 
sonian Institution Press, 1975. For sale by US Govern- 
ment Printing Office.) [303 
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Out of work in Argentina 


Tue letter (page 253) from more than 60 Italian 
scientists drawing the scientific community’s attention 
to the situation in Argentina is a grim reminder of the 
difficulties surrounding university and government 
institutional work on a continent which for many of us 
in the Anglo-Saxon world is still remote and in some 
way unreal. 

The intellectual in Argentina has never been as secure 
as his counterpart in West Europe and North America. 
Universities have been watched very closely by succes- 
sive governments, and the appointments of rectors and 
deans have often been purely political affairs As a 
result there has been a steady trickle of emigrants to 
more secure territory—a trickle that has sometimes 
swelled to a flood (in 1966, for’ instance, 1,100 found 
themselves out of a job). The turnover in university 
staff has been accordingly immense; one academic in 
Britain, who has fairly strong ties with Argentina, 
remarked that almost every Argentinian scientist he 
had known had been forced, at some time, to leave. The 
quality of young people coming up through the major 
universities is, it is widely agreed, suffering as a result. 

Argentina’s problems in recent years have, of course, 
gone much deeper than instability in universities and 
there was genuine hope when General Videla came to 
power that he would be able to act against the terrorism 
which had led to so much indiscriminate killing. To a 
certain extent he has succeeded because terrorism by 
the left has been sat on very firmly; however, right-wing 
activities do not seem to have been significantly 


restrained. The bewildering variety of competing’ 


security organisations and the divisions within the 
armed forces add to the complexity of the situation. 
An exiled Argentinian commented that knowing how 
one stood in La Plata would not necessarily make one 
safe in Buenos Aires, and so on. It is small wonder 


that universities have become places of fear and that , 


gun-carrying soldiers are in evidence. 


If recentilismissals are, in general, politically directed 
against theleft, they are not universally so; several 
well know! right wingers have also been relieved of 
their posts|What seems to have happened is that the 
governmen| faced with a truly depressing economic 
situation rquiring urgent international support, and 
forced to nake major cuts in public expenditure, has 
used the opjortunity to thin its ranks of those who have 
taken up crtain political stances in the past. Those 
who have stered clear of politics or who openly support 
the Junta dn survive, though in somewhat straitened 
circumstanes. 

It used td be that, with families widely spread over 
South Ameiica, people in trouble could move over to 
Chile, Uruguay or Paraguay. Indeed Uruguay was 
often called the Switzerland of South America. No 
longer; the Uruguayans in their zeal to stamp out the 
Tupamaro guerillas seem to have ‘processed’ an extra- 
ordinary large proportion of the population and to have 
allowed torture to become rampant. The fate of the 
mathematician Jose Massera who has been imprisoned 
since last October and has suffered some grievous 
injuries is likely to deter most academics from choosing 
to move over to Montevideo. 

The pressure, then, is really on the wider community 
of scientists to continue to absorb where necessary Or, 
even more, just to keep in touch—a plea made most 
simply and expressively by the writers of the letter. 
From the Europe-North American axis it is very easy 
conveniently to forget the difficulties of doing science 
elsewhere, to look down on scientists struggling with 
poor facilities and heavy teaching loads, and to ignore 
colleagues off the axis when passing round the gossip, 
the early warnings, the bits of advice. Even well 
endowed Australians, with regular jet flights to the 
Northern Hemisphere, know that. How much more so 
does the problem afflict Argentinians, and how much 
more must we simply not stand by uninterested. oO 
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Why are we wating? 


ALTHOUGH Mr Mulley, UK Secretar 
for Education and Science, has had the 
report of the Williams Working Party, 


on Genetic Manipulation of Micro- 
organisms on his desk for well over a 


month, it is due to remain there for at 


least a “few more weeks”. Until then 
scientists will be in the dark over the 


details of the code of practice that will 
apply to recombinant DNA research in 


Britain. There are several possible ex- 


cuses for Mr Mulley’s tardiness. None 
of them is good enough. 

The Williams Working Party had its 
origins in a statement published by 
Professor Paul Berg and his colleagues 
in July 1974 in which they expressed 
concern at some of the possible con- 
sequences of the research they them- 
selves had pioneered. The improbable 
pathway to disaster that they foresaw 
involved the escape from laboratory 
containment of bacteria whose genes 
had been experimentally recombined 
with genetic material from another 
organism, the survival of those bacteria 
in the outside world, their colonisation 
of the human intestine and the expres- 
sion of their foreign genetic component 
to the detriment of the human host. 

That scenario was taken seriously 
enough on both sides of the Atlantic 
that most scientists have since held to 
a voluntary moratorium on suspect 
research. American concern, latterly 
under the auspices of the National 
Institutes of Health, culminated four 
weeks ago in the issue of a complex 
series of guidelines. The British wheels 
were set in motion in July 1974 with 
the Ashby Working Party, convened by 
the Advisory Board for the Research 
Councils, which reported in December 


of that year. Seven months ‘Jater Mr 


Mulley set up the Williams Working 


Party to produce a code of practice and 
to consider the establishment of a 
central advisory service for laboratories 
carrying out the procedures in question. 


The Williams Working Party report 


is unlikely to contain many surprises. It 
‘will not recommend the proscription of 


‘ny particular experiments but will 
\ggest the precautionary measures 
lat are appropriate for various cate- 
fries of research. Few specific experi- 
nts will be quoted and no attempt to 
quntify their dangers will be made. 
Th report is expected to endorse 
Asby’s suggestion of a central ad- 
visry service and to recommend how it 
migt operate. 

‘he scientific community anxiously 
awds the report and Mr Mulley’s re- 
actins to it. The longer they have to 
wai for a go-ahead on experiments 
whih in some cases have been on ice 
for wo years, the worse (whatever the 
preautions suggested) will become the 
atmsphere of frustration and sus- 
picia that has gradually built up. In- 
evitoly moratorium-breaking has al- 
read occurred, and the consequences 
for those involved have,.on occasion 
bees unpleasant. 

Wy then is Mr Mulley keeping us 
waitng? One „possibility is that he is 
reseving the right to modify his re- 
actins in the light of the response at 
hone and abroad to the American 
guidlines. If so the delay could well be 
lenghy in view of the recent clash 
beteen Cambridge (Massachusetts) 
City'Council and Harvard- University. 
Thetrouble arose when the Mayor of 
Canbridge attempted to block plans to 
buill a high containment laboratory 
withn the Harvard Biological Labora- 
torils; at the moment there is a three- 
ik moratorium during which the 





Solar energy breeders 


Malcolm Slesser and Ian Hounam of the Energy Studies Unit 
at the University of Strathclyde, Glasgow, ‘offer 
an opinion on a largely ignored aspect of zolar energy 





SOLAR energy has not been taken ser- 
iously as a solution to our energy 
supply problem and for good reason. It 
requires considerable land area and the 
sun has an unhappy knack of ducking 
behind clouds or withdrawing into a 
winter solstice. But there is one aspect 
of solar energy that is significantly in 
favour of its large scale, development, 
an aspect which has sò far received 
scant attention. This is the potential 
for solar energy devices to breed 
energy. No other device can do that. 
Yet, given the right technology, we 
calculate that with an initial invest- 


ment by 1980 in 1 MW of solar power, 
it would be possible for solar energy to 
provide 90% of the world’s energy 
needs within 40 years, without placing 
any: burden, upon existing energy 
resources. 

The importance of this claim can 
hardly be exaggerated. If a solar 
breeder system was in operation, 
nearly all the energy from North Sea 
oil could be devoted to current needs 
and not, for example, to building alter- 
native energy systems: that will’ be 
needed when oil runs out. If we have 
a viable solar breeder system, world- 


. Meets to consider the matter 


_ nuclear 
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council will review the position before 
deciding on ‘the future of Harvard’s 
genetic engineers. Similar problems are 
expected in other American cities. 
Although there is a reasonable 
chance that such clashes will be avoided 
in Britain, the longer Mr Mulley de- 
lays, the more dikely they are to occur. 

A second reason for delay may 
simply be the need for extensive brief- 
ing and consultation between depart- 
ments If so Mr Mulley must lavishly 
oil the cogs of bureaucracy. Most likely 
the delay is due to his consideration of 
the introduction of statutory controls 
of recombinant DNA research. 
Although the Working Party is 
‘thought to have been reluctant to re- 
commend statutory controls, they may 
have made some suggestions in that 
direction because of forceful represent- 
ation from the unions. The same pres- 
sures, which clearly must be respected 
since the unions represent those most 
likely to be directly carrying out the 
research, may now be holding Mr 
Mulley back. 

The British code of practice, with or 
without statutory backing, could be 
very influential. In contrast to the 
American code, which applies only 
to NIH-supported research, the British 
code will apply to all academic insti- 
tutes and probably also to industry via 
the Health and Safety Executive. If 
that breadth is matched by an authori- 
tative depth and practical recommenda- 
tions, the code could well be adopted 
by other European countries. That 
could happen through the European 
Molecular Biology. Organisation which 
on 
August 12. It would be a great pity if 
the British code had not emerged by 
then. n m 


. wide, then once that system has grown 


large enough to satisfy the bulk of 
world demand the price of energy will 
fall to a trivial value, because after all 


‘the sun is a free good. Such a fact 


would utterly change the basis of a 
manufacturing or even: a service 
orientated economy. 

What, then, is an energy breeder? It 
is a device which “breeds” capacity to 
generate useful energy without con- 
suming energy stocks. In this sense 
“breeders” are not breeders 
but extenders, increasing the potential 
energy of uranium by roughly 100/0.7, 
where the 0:7 is the proportion of 
Uranium 235 occurring in natural 
uranium. But when a solar capture 
device (SCD) (or any solar induced 
device such as a wind or wave gener- 
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ator) delivers in its ‘lifetime more 
energy than needed to maintain’ and 
rebuild itself, then some of that surplus 
can build more SCDs, thus breeding 
energy. 

Breeding success depends on the pay- 
back time of the initial energy of 
manufacture, and energy analysis pro- 
vides us with a means of assessing it. 
Through a method known as dynamic 
net energy analysis, in which energy 
required to construct and service an 
energy production or transformation 
system is set against the system output 
as a function of time, one can test 
various breeding scenarios. Unfortun- 
ately the energy investment data so far 
produced on: constructing solar energy 
devices (other than solar heat devices) 
is unconvincing, and tends to con- 
sider only optimal sunlight conditions. 
Moreover, all too often figures include 
only direct energy costs, and the more 
obvious ones like the energy require- 
ments of structural steel and glass No 
comprehensive results have been pub- 
lished enabling one to estimate the 
gross energy requirement to build and 
operate an SCD in an average situ- 
ation. 

Our own tentative energy analysis of 
1972 photo-voltaic technology has 
shown it would take about 40 years 
output to pay for the energy invest- 
ment, and since its expected life may be 
about 30 years it is clearly a sink, not a 
breeder. However, the new technology 
of ribbon melting of silicon looked like 
reducing that to 10 years. In recent 
discussions with the Office of Tech- 
nology Assessment in the USA. we 
have learnt of systems which are said 
to require only a two-year pay-back 
time. This clearly provides tremendous 
breeding potential. 


If a system could grow while also 
satisfying its own energy needs—that is 
to say the energy for construction and 
operation—it then places no burden on 
the existing fossil and nuclear energy 
infrastructure, and the only charge 
upon the building programme is the 
labour and management and the land 
needed for expansion of the system. 


Choosing a datum of 1980 for the 
initiation of the programme of breed- 
ing, with an initial 1 MW output cap- 
acity SCD system, we examined a 
range of pay-back times varying from 
the pessimistic result at Strathclyde 
(10 years) to the optimistic views of the 
Office of Technology Assessment (2 
years)’ for various investment policies, 
to show that energy breeding is a possi- 
bility even with as large a value of 
pay-back time as 10 years, though the 
rate of breeding is too low to be of 
real interest. Thus for a policy of 5% 
investment in new capacity, by 2030 
the programme would only have 
developed an: output capacity of 


12.2 MW (as against the original 1 MW 
in 1980) and a net output power would 
be a mere 4.3 MW—reflecting a 
system doubling time of about 14.5 
years. Yet even that is greater than, the 
global rate of iaa in energy 
demand. 

On the other hand, if we i the 
optimistic value of pay-back time of 2 
years being claimed in some quarters, 
an SCD breeding programme could be 
spectacularly successful. For. example, 
with an investment fraction of 40%, an 
initial output capacity of 1 MW in 
1980 would have grown to an output 
capacity of 8.8x10°MW by 2020, 
giving a net power output to the non- 
solar energy sector of the economy of 
1.7X10°MW. By this time the 
doubling time of the SCD system is 
only. 3.2 years, a rate of growth of 
energy supply higher than the most 
horrific energy demand scenarios. 

Of course by no means all problems 
are solved. Though the programme 
provides its own energy requirements, 
there are still the problems of land 
availability and manpower. Some will 
point out that there is also a need for 
steel, glass and so on. But of course, 
the energy analysis has taken that into 
account through the energy required 
for construction. Nevertheless, there 
remains the task of assessing whether 
the necessary industrial infrastructure 
to sustain the solar programme can be 
created, a question we do not attempt 
to answer here. We merely set out to 
show that, given the appropriate 
technology (low pay-back time), a 
solar capture system could breed itself, 
and hence in time solve the global 
energy supply problem. The devices 
with larger than two-year pay-back 
times are less satisfactory. Clearly, 
then, in view of the tremendous 
opportunities presented by a device 
with a two-year pay-back time, a 
massive research programme is justi- 
fied. 

The SCD system output capacity 
could match even the most ambitious 
forecasts of demand (4.5X 10° MW) 
within 40 years of initiation. From an 
initial recycle fraction of 80% to new 
investment, the construction pro- 
gramme falls away to 7% in the 40th 
year. In net energy terms this is a 
lower figure than found in our present 
fossil and nuclear fuel industries. It 
would be consistent’ with a price, in 
current terms, of around £100 per kW, 
for photo-voltaic collectors. 

It is interesting to consider what 
happens to the cost of conventional 
fossil and nuclear fuels if such a pro- 
gramme took place. By the year 40 
(2020), solar energy could so nearly 
supply all energy needs that oil, gas, 
coal and nuclear sources will have 
lost much of the scarcity value they 
now enjoy. True, oil and gas will 
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remain valuable for their feedstock 
‘potential, but nuclear reactors could 
be rendered redundant and coal mining 
unnecessary, save as a source of car- 
(bon. In such a situation presumably 
the price of energy falls to a trivial 
value. 

This is offset by the land require- 
ment of SCDs. Taking the 40 year level 
of output of 4.2x10° MW, and assum- 
ing that the two-year pay-back time 
has been achieved, with collection of 
20% efficiency, a huge land area is 
required, around 30,000 km? (equiva- 
lent to about 12% of the British Isles), 
but it is spread world wide. However, 
if the same period of two-year pay- 
back time applies to solar generated 
SCDs such as wave and wind power 
generation, then land requirement 
falls considerably. 

In order to effect the programme, 
a cumulative energy investment of 
1.7X10°MW years of energy would 
have been used—that is about 25X 10° 
tons coal equivalent. This is a huge 
quantity of energy, and reflects a huge 
amount of material and man power. 
None of that energy, however, would 
have come from global energy 
resources, but from within the pro- 
gramme. Secondly, the basic problem 
facing all industrialised societies is the 
need to build a new energy infrastruc- 
ture within the next 30-50 years. 
When we examined the task of doing 
this for the UK imagining an eventual 
replacement of fossil energy by nuclear 
and some solar, we found that the 
massive energy investment called for 
placed restrictions of UK export of 
North Sea oil, and a serious limitation 
on UK economic growth, for the 
energy investment had to come from 
existing energy resources and: trans- 
formation devices. The SCD breeding 
system, however, permits a parallel 
economic development without this 
strain being placed on existing energy 
resources. 

In reality an SCD breeding pro- 
gramme would differ considerably 
from the simple model presented here. 
For one thing much of this growth 
would be dispersed—some citizens for 
example, building wind generators in 
their back yards. Technology would 
change rapidly, and pay-back times 
would vary according to the sophisti- 
cation and purpose and location of the 
device. Much solar energy could be 
turned directly to heat, through col- 
lectors. It is still too early, to find 
whether the torrid dunes of the 
Sahara will pay a more or less import- 
ant role than the ceaseless waves of the 
North Atlantic and South Pacific. But 
given a short pay-back time and an 
integrated breeding: and development 
programme, prospects for a low cost 


energy, nuclear-free world do look 
good. 
Bre 7 mare 
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Modelling the world, again 


David Spurgeon in Ottawa looks at two 
recently published studies of the world’s future 


W/HEN it was published in 1972, 

The Limits to Growth was a 
kind of landmark, crystallising in a 
mathematical model the views of those 
who believed that the world had come 
to a turning-point in its profligate use 
of resources, its growing pollution of 
the environment, and its inexorable 
population growth. Its message was 
basically a simple one: that if current 
trends continued, disaster was certain, 
because resources which were finite 
would soon be exhausted, pollution 
which was increasing would soon be- 
come intolerable, and the press of 
population which was exponential 
would soon outrun living space. 

For many the book was authoritative 
because it was backed by computer 
studies—and perhaps because it re- 
inforced existing fears or prejudices. 
But given its assumptions, its con- 
clusions seemed rather obvious, and it 
provoked a rash of criticisms, as well 
as a number of similar studies. What- 
ever else may be said of it, though, it 
succeeded in raising the public’s con- 
sciousness of some of mankind’s major 
problems and prospects. 

Two recently published studies* deal 
directly with the kinds of problem 
examined by The Limits to Growth: 
one, Catastrophe or New Society?, 
arose as a specific response to it, while 
the other, The Next 200 Years, could 
be said to have been undertaken in res- 
ponse to its underlying philosophy. 
Both disagree totally with the assump- 
tions and conclusions of The Limits to 
Growth, while at the same time pro- 
ceed from assumptions totally at odds 
with each other. What they have in 
common is a basic conclusion that the 
limits to growth—if any—are not 
physical, as suggested in The Limits to 
Growth, but sociopolitical, and that 
mankind is not doomed either to a 
no-growth economy or to disaster but 
is capable of providing a worthwhile 
and satisfying future for all. Where 
they differ is in how such a future 
could be brought about. 





*Catastrophe or New Society? A Latin 
American World Model, Amilcar O. 
Herrera, Hugo D. Scolnik, Graciela Chi- 
chilnisky, Gilberto C Gallopin, Jorge E. 
Hardoy, Diana Mosovich, Enrique Otieza, 
Gilda L. de Romero Brest; Carlos E. 
Sudrez, and Luis Talavera (IDRC-064e; 
International Development Research 
Centre, Ottawa, Canada; 1976). 

The Next 200 Years: A Scenario for 
America and the World, Herman Kahn, 
William Brown, and Leon Martel, with the 


assistance of the Hudson Institute (William , 


Morrow and Company, Inc., New York; 
1976). 


The basic premise of The Next 200 
Years is that what we need is not less 
growth, but more—and along pretty 
much the same lines as at present—at 
least until world-wide economic deve- 
lopment hás been completed. After 
that growth rates will slow and many 


economies will reach a more or less 


steady state. Catastrophe or New 
Society?, on the other hand, sees 
achievement of a good life for all, par- 
ticularly those in developing countries, 
as impossible without certain funda- 
mental changes in society. What is 
wrong with the arguments of Meadows 
and his ilk, in its view, is that they 
accept, “in a totally uncritical manner, 
the central values’ of society as it now 
is.’ Herrera and his colleagues main- 
tain that the major problems facing 
society 


are based on the uneven distribution of 
power, both between nations and within 
nations The result is oppression and 
alienation, largely founded on exploita- 
tion. The deterioration of the physical 
environment is not an inevitable con- 
sequence of human progress, but the 
result of social organisations based 
largely on destructive values.. 


In its place must be constructed a new 
type of society—socialist, egalitarian, 
fully participatory, and non- 
consumerist. ` 

Both books project the future from a 
very clear ideological base, though the 
base is made more explicit and acknow- 
ledged more directly by Herrera’s 
group than by Kahn’s. Both are essen- 
tially utopian (Herrera’s admittedly so, 
Kahn’s not) and suffer from the basic 
fault of all such modelling of enor- 
mously complex systems. oversimpli- 
fication, and the necessary exclusion of 
all sorts of potentially important vari- 


ables that either cannot be accurately 


quantified or cannot be foreseen. 
Kahn and colleagues argue that “the 
current malaise”, as they call it, is pro- 
pelled by a combination of compassion 
and guilt for the plight of the world’s 
poor and the coincidental occurrence 
of world-wide crises in the supply of 
food and energy. Tihey believe that the 
movement toward this view “has gone 
too far’, and argue that there is 
both need and opportunity for econo- 
mic growth—that precisely because 
America and the rest of the developed 
world use resources so intensely, there 
will be stimulation, not depression, of 
the economies of developing nations 
Using what seems, as far as they reveal 
it, to be questionable data, the Kahn 
group suggests current population 
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growth fears may be nothing much 
more than “an amusing episode in 
human history”. Looking backward 
from 2176, as they pretend to be able 
to do, they say “the temporary nature 
of the current population pheno- 
menon becomes very obvious”. 

Similarly, energy supplies are, no 
problem. Examining current fossil fuel 
reserves (on the basis of a 1973 US 
Geological Survey that has since been 
withdrawn by that agency and dras- 
tically revised downwards) and the 
prospects for other energy sources, 
both conventional and non-conven- 
tional, developed or not, the authors 
conclude: 


Except for temporary fluctuations caused 
by bad luck or poor management, the 
world need not worry about energy 
shortages or costs in the future And 
energy abundance is probably the world’s 
best insurance that the entire human 
population (even 15-20 billion) can be 
well cared for, at least physically, during 
many centuries to come. 


The same goes for raw materials 
“. . . there is an abundance of raw 
materials for future generations as well 
as the present one, and... the more 
man develops economically and tech- 
nologically, the more there will be for 
all of humanity.” 

And as for food, “the position we 
argue is that, except for the occasional 
regional fluctuations caused by natural 
disaster, inappropriate policies or the 
misapplication of resources, the long- 
term prospect is for adequate food 
supplies’. Within 200 years, the 
authors. say, it will be possible to in- 
crease world food consumption to the 
level of the United States today. What 
will happen if “inappropriate policies or 
the misapplication of resources’ con- 
tinues to be the rule, as it is today, is 
not dealt with. Yet that, as the authors 
of the Latin American world model 
recognise, is precisely where the real 
problem lies. 

To give them their due, the Kahn 
group do recognise this. They go so 
far as to state that 


any limits to growth are more likely to 
arise from psychological, cultural or 
social limits to demand, or from in- 
competency, bad luck and/or mono- 
polistic practices interfering with supply, 
rather than from fundamental physical 
limits on available resources 


What seems odd is their faith in things 
as they are, and their acceptance that 
they will continue that way. 


. . . Large income gaps between nations 
could persist for centuries . . , there are 
few peasants, workers or even business- 
men in developing nations who care 
much about gaps (whether arithmetic or 
geometric), no matter how much in- 
tellectuals, academics and some business- 
men may profess to. The major objective 
of most people is to increase their own 
safety and improve their own standard 
of living and their own capabilities. 
When they make comparisons, it is, 
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usually with others at their socio- 
economic level or with those who have 
recently been at their own or a lower 
level. 


By such a yardstick, much of the Third 
World should have nothing to worry 
about. The Kahn group sees com- 
munist Asians with a GNP per capita 
of about $1,000 by the year 2000, and 
about half of the Third World with 
about double that. A desperately poor 
group, mostly in India but also in parts 
of Latin America and Africa, could— 
even with “reasonable” policies—attain 
only an average of about $200 per 
capita by the year 2000. But in another 
hundred years almost all societies 
should have a GNP per capita of more 
than $2,000. The fact that others may 
have 10 to 20 times more is, in their 
view, of no consequence. 

The Latin American world model is 
based on the premise that, in the new 
society proposed, the production 
system has the satisfaction of basic 
human needs as a main objective. 
These needs are nutrition, housing, 
education and health. The mathe- 
matical model was constructed around 
the satisfaction of these needs, dif- 
ferentiated into five sectors: nutrition, 
education, housing, capital goods, and 
finally, consumer goods and other 
services. It was built to test the phy- 
sical viability of the proposed society. 
This involved determining the period 
of time needed and the conditions 
under which the different regions could 
satisfy the basic needs to given levels. 

The level of food was taken as 3,000 
calories and 100 grams of protein per 
day (3,200 calories in advanced coun- 
tries); of education, 12 years of basic 
education between the ages of 7 
and 18; and of housing, one house per 
family. In the developed countries, the 
minimum dwelling would have an area 
of 70 square metres for an average 
family of 3.5 people, costing $4,900 to 
build. For Africa and Asia, the stan- 
dard house was more modest because 
of the current desperate housing situa- 
tion: 7 square metres per person, 
at $23.40 per square metre in Africa 
and $11.20 in Asia. Housing conditions 
would reach developing country stan- 
dards in 20 years. 

The annual cost of education per 
student in underdeveloped countries 
reached a maximum of $150, and an 
aggregated yield of 4 tonnes per hec- 
tare per year was assumed in agricul- 
ture. In developed regions, economic 
growth would be restricted to 1-2% 
when GNP per capita exceeded $4,500 
annually. And for underdeveloped 
regions, once basic needs were satis- 
fied, growth in GNP per capita had to 
be at least 2%. This is to gradually 
reduce the gap between the developed 
and underdeveloped regions. 

What did the model predict? For 


developed countries basic needs were 
shown to be satisfied in the first few 
years of the computer run (which 
ended in the year 2060). GNP per 
capita reached $9,470 in that year 
(slightly less than Kahn’s projection). 
Latin America could fulfill its basic 
needs in the early 1990s, and its GNP 
per capita would rise from $372 in 
1960 to $5,746 in 2060. Interestingly, 
the population growth rate, which was 
2.8% in 1960, decreased as general 
well-being improved, and was only 
0.43% by 2060, approaching stabilisa- 
tion. The consequence for Latin 
America, then, is that it could satisfy 
its whole population’s basic needs 
within a generation of the implemen- 
tation of the proposed policies. 

It would take Africa longer: that 
continent could satisfy its basic needs 
by 2008. GNP per capita, $137 in 
1960, would reach only $559 in 2008, 
and $2,657 in the last year of the run. 
Thus if the policies proposed were 
applied, Africa could satisfy the basic 
needs of its population with 30 years 
after 1980, according to the model. 

Asia’s position is very different. 
According to the model, basic needs 
could not be satisfied by 2060. Food 
consumption of 2800 calories could be 
achieved by 1992; that level would be 
maintained until the mid-2020s, but 
would decline after that until levels 
reached were incompatible with sur- 
vival. Nor were housing needs 
achieved, with only 0.82 house for 
every family in 2040. Education would 
be the only basic need totally satisfied 
by 2040. 

“The problem in Asia arises in the 
food sector,” says the report. “By 2010, 
all available land is being cultivated. 
Thereafter, economic effort in the sec- 
tor is devoted to increasing livestock 
and fisheries. This, however, is not 
enough to feed the growing popula- 
tion adequately”. If agricultural yields 
were increased from 4 to 6 tonnes per 
hectare, however, basic needs could be 
satisfied. GNP per inhabitant—$89.70 
in 1960—reaches $1,516 in 2060. But 
food remains a problem, for in the 
mid-2030s the remaining land has 
been used, and “‘it is inevitable that 
some years after 2060 Asia will not be 
able to feed its inhabitants adequately.” 

Finally, a run was carried out to test 
the effect of cessation of technological 
progress in the evolution of the regions 
involved. It was supposed that there 
would be no more technological pro- 
gress after the year 2000. This produced 
significant effects. In Latin America, it 
increased the time necessary to satisfy 
basic needs, increased the population 
growth rate, and reduced GNP per 
capita (from $5,746 in 2060 to $1,173). 
In Africa, as in Asia, minimum 
objectives could not even be achieved: 
the economic system collapsed. Only 
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Two views of the limits to growth? 


food reached the target level in Africa, 
and then only for a brief period. In 
Asia, none of the basic needs were 
met. Thus technological progress is 
seen as essential for liberation from 
underdevelopment and misery. 
International aid is not seen by 
either the Kahn or the Herrera study 
to be a decisive factor in raising the 
level of well-being of Third World 
countries. Under conditions currently 
prevailing, even increased international 
aid would only contribute to increased 
spending by privileged sectors and have 
little or no effect on the living stan- 
dards of the majority of the people. 
In direct contrast to the Kahn hypo- 
thesis, Herrera and his colleagues 
maintain that economic growth with- 
out concurrent drastic modification in 
income distribution would not achieve 
an adequate level of well-being for the 


entire populations of developing 
countries. 
Many people tend to argue that 


studies like these are nothing more than 
a form of wish fulfillment; that they 
will increase the skepticism of laymen 
ignorant of the true nature of future 
studies and mathematical modelling 
because they seem to indicate that 
computer studies can be used to prove 
any thesis their authors wish; that 
their obvious political naiveté or ideo- 
logical bias makes them trivial, if not 
dangerous. Others will see them as 
useful contributions to a continuing 
debate—a debate that must be kept 
going if solutions are to be found for 
the problems they deal with. Perhaps 
they will have done all they can if 
they succeed in showing, as both 
studies are intended to do, in the 
words of the Herrera group, “that the 
fate of man does not depend, in the 
last instance, on insurmountable phy- 


sical barriers but on social and 
political factors that man must 
modify.” a 
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SGHWR: green to amber? 


Allan Piper reports on uncertainties 
surrounding the next generation of 
British nuclear reactors. 


GroOwING doubts about the future of 
the British-designed Steam Generating 
Heavy Water Reactor (SGHWR) have 
led the House of Commons Select 
Committee on Science and Technology 
to call an inquiry into progress on the 
reactor system, now at the end of the 
design stage. The committee two years 
ago successfully urged the controversial 
adoption of the SGHWR for the 
next phase of Britain’s nuclear energy 
programme. It has now expressed con- 
cern over “the widely reported inten- 
tion of the Secretary of State for 
Energy [Mr Anthony Wedgwood 
Benn] to review the SGHWR project 
in the near future”. 

In fact Mr Benn is currently await- 
ing reports on technical and economic 
aspects of the SGHWR from the 
United Kingdom Atomic Energy 
Authority (UKAEA), which has re- 
commended a “take-stock” review, 
and from the Central Electricity 
Generating Board (CEGB). Parliament- 
ary questions and statements from key 
leaders of management and unions 
within the nuclear industry have fed 
speculation that the reactor may be 
abandoned as part of the government's 
present review of public expenditure. 

Mr Benn is expected to appear as an 
early witness in the select committee 
inquiry, probably before the forthcom- 
ing Parliamentary recess. The heads of 
the nuclear industries and the CEGB 
will be invited to appear at a later date. 

Disagreement over the choice of the 
SGHWR as the commercial successor 
to the Advanced Gas Cooled Reactor 
(AGR) has continued since the initial 
“0 MW ordering programme was 
announced by Mr Benn’s predecessor 
in July 1974. The go-ahead came then 


in spite of opposition within the nuclear 
industry and the CEGB’s preference 
for a much larger programme using 
mostly American Pressurised Water 
Reactors (PWRs). The SGHWR was 
eventually favoured on safety grounds 
even though estimated construction 
costs were around 10% higher. 

Officially, the SGHWR still has the 
green light. But there are amber 
tinges. The PWR has been given a 
clean bill of health by the Chief Scient- 
ist at theDepartment of Energy (DEN), 
while technical difficulties have pushed 
design costs of the SGHWR_ above 
original expectations, Following a 
major design review in the middle of 
1975, and a further revision earlier this 
year, the CEGB has calculated that the 
SGHWR could eventually prove more 
costly than equivalent coal-fired 
capacity. 

This week Mr Benn spoke in Parlia- 
ment of the new activity on the Ameri- 
can reactor front. Last month he 
admitted that the UKAEA had recom- 
mended a careful look at progress on 
the SGHWR project, and hinted that 
once reports have been received the 
reactor’s future will be considered in 
the light of recent changes on the 
energy scene. The CEGB, which cur- 
rently has 15,000 MW of new generat- 
ing capacity either under construction 
or ready for commissioning, will 
probably indicate that with the present 
slump in electricity demand the first 
commercial SGHWR planned for Size- 
well in Essex is no longer urgently 
required. 

Ditching the project would mean the 
loss of political face and perhaps more, 
but it would also avoid economic and 
technological complications. Develop- 
ment of the SGHWR is not regarded 
as a crucial step along the path towards 
fast breeder reactor (FBR) technology, 
while the export potential of the re- 
actor remains limited; most other 
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countries are expected to opt for the 
comparatively well proven PWR. 
Moreover, imported Canadian heavy 
water, needed to moderate the 
SGHWR, is likely to prove unex- 
pectedly expensive. 

Within the nuclear industry there is 
feeling that buoyancy can be main- 
tained without the SGHWR if further 
commercial AGRs can be ordered. The 
first of the two AGR reactors at the 
1.250MW installation at Hinkley 
Point in Somerset is now running suc- 
cessfully up to full power, bringing 
confidence that the much-publicised 
developmental hitches can now be left 
behind. Additionally, there are hopes 
that with a go-ahead for the first com- 
mercial FBR this autumn, fast breeder 
technology could lag only three or four 
years behind SGHWR technology. 

If the SGHWR is abandoned 
Britain could buy herself into PWR 
technology and establish an export 
base under licence. Japan and the USA, 
and several European countries, how- 
ever, already have strong footholds in 
the market, which means that Britain 
would probably be restricted to the 
manufacture and export of component 
hardware. Mr Benn’s junior, Alex 
Eadie, is meanwhile stressing that any 
reversal of SGHWR policy would not 
be at the expense of British technology. 

Last week the DEN would only re- 
affirm that Mr Benn was awaiting 
reports from the UKAEA and CEGB. 
The UKAEA says simply that it is 
carrying out an appraisal which will be 
made available to Mr Benn in the near 
future. The CEGB is giving no out- 
ward sign that any imminent inter- 
ruption to the SGHWR project is fore- 
seen, and does not expect to have 
reliable cost figures ready for Mr Benn 
before next spring. An initial safety 
report is awaited from the Nuclear 
Power Company, responsible for 
design; this is not expected to arrive 
at the CEGB until next month, and is 
to be followed in turn by more detailed 
specifications in April 1977. o 


CANADA "ENAS 
Towards a conserver society 


Like other industrialised countries, 
Canada must look to conservation as 
an important element in its future 
energy stategy. This point has received 
considerable emphasis from an impor- 
tant quarter, as David Spurgeon 
reports from Ottawa 





ENERGY conservation seems to be the 
major pre-occupation of the Science 
Council of Canada in its tenth anni- 
versary year, judging by the statements 


and publications emanating from its 
members. The most recent came from 
the chairman, Josef Kates, who is 
president of a Toronto firm of systems 
analysts. ‘“‘Energy conservation is not 
an option—it is a necessity,” he says in 
the council’s annual report. “ . . .The 
highest priority in any comprehensive 
national energy policy should be a 
wide-ranging, imaginative energy con- 
servation effort. Such an effort must 
involve every individual and every 
organisation, private or public.” 


Dr Kates reinforced his points at a 
press conference given when the report 
was published. The reason for his con- 
cern is that Canada is the “second 
most energy intensive country in the 
world, and energy shortages could 
threaten the very fabric of our way of 
life.” He says that if Canada’s energy 
requirements also double by 1990, as is 
currently forecast, the needed capital 
investment could be as high as $200 
billion—or about 5 to 6% of GNP 
between then and now. This is some 
50% higher than the 3.5% average 
between 1950 and 1975, and the inter- 
est rate on this capital is likely to be 


Nature Vol. 262 July 22 1976 


from 50 to 100% higher than in the 
1960s. 

This may mean that by the 1990s 
energy costs will be twice or three times 
what they are today, and if per capita 
consumption is also 50 to 100% higher, 
energy costs could require from two 
to four times today’s proportion of per- 
sonal income. Canada’s historical ad- 
vantage in such energy-intensive in- 
dustries as forest products, mining, 
agriculture, metallurgical and chemical 
industries could therefore be seriously 
attenuated. And if primary industries 
weaken, Canadians could not look to 
the secondary sector for compensation. 

Dr Kates proposes that a much 
higher priority be given immediately to 
a comprehensive energy conservation 
programme, and that Canada must now 
begin to develop the energy technolo- 
gies that will permit her to achieve a 
stable energy use pattern in the long 
run. This means exploiting renewable 
energy forms such as solar, wind, geo- 
thermal, biomass and tidal power. A 
major programme of research and devel- 
opment, of the kind first proposed by 
the Science Council in 1968, must be 
undertaken “to demonstrate the feasi- 
bility of alternative energy technolo- 
gies.” 

A recent investigation indicates that 
“if we were able to hold Canadian 
energy consumption at present levels 
and continue to use existing or 
moderately-expanded hydro-electric 
capacity to provide approximately 25% 
of our energy needs, the remaining 
75% (now met almost totally by non- 
renewable hydrocarbons, oil, gas and 
coal) could be provided within the 
next 50 years or so by renewable re- 
sources such as solar, biomass and 
wind energy.” 

At the press conference Dr Kates 
described the Conserver Society study 
the council’s largest and most important 
project. The concepts behind this study, 
outlined in the “Statement of Concern” 
published in Science Forum, are sum- 
med up in the comment that “we face 
a transition from a ‘consumer society’ 
to a ‘conserver society’ ”—that is, to a 
society which included among its 
features “doing more with less,” “a 
greater appreciation of external or 
social costs,” a return to the habits of 
thrift, saving and avoidance of waste 
for society as a whole, and so on. 

“The transition to a Conserver 
Society,” the Science Council paper 
says, “does not mean that we are going 
into a period of austerity and shortages. 
In fact, it is the reverse. Only by 
adopting a more rational and conserving 
approach to the common energy, re- 
source, and environmental pool that 
sustains us all, can we ensure a con- 
tinuing high standard of living for 
future generations.” go 


THIRD WORLD 


Talking about 
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technology transfer 





The transfer of technology from deve- 
loped to underdeveloped countries, a 
subject examined at UNCTAD IV at 
the end of May, was also discussed at 
the recent World Employment Confer- 
ence. Robin Sharp reports 





Science and technology, said the man 
on the rostrum, could increase produc- 
tion everywhere *‘on a scale that would 
make poverty unnecessary as a global 
phenomenon within the foreseeable 
future.” The speaker was a senior 
official of the United Nations Develop- 
ment Programme, addressing last 
months World Employment Confer- 
ence in Geneva. 

But for many people his otherwise 
heartening words raised questions. How 
is the scientific know-how and tech- 
nology of the rich to be adapted and 
made relevant to the needs of the poor? 
How are the benefits of these high-cost, 
skill-intensive fields to be transferred 
to those possessing limited skills and 
no hard currency? And how, at the end 
of the day, can it be ensured that the 
transfer does not enrich 10 men at the 
expense of a thousand others? Among 
the many dilemmas of development 
these are some of the most intractable, 
and the debates in Geneva proved it 
once again. 

Some of the figures can be frighten- 
ing. In the industrialised countries, the 
average investment required to create 
one job is in the region of $5,000. The 
developing countries, with most of the 
world’s poverty, need to create five 
times as many jobs per million popula- 
tion in order to meet the basic needs 
of their people, with only one-tenth of 
the per capita income available to do 
it. Hence, on a rough rule-of-thumb 
calculation, an average investment of 
$250 per job is what they can afford. 
There is little science and less tech- 
nology to be had for that kind of 
money. 

On this fundamental issue, delegates 
to the World Employment Conference 
found themselves deeply divided. At 
one end of the spectrum, speakers de- 
nounced the appropriate technology 
movement as a neo-colonialist strate- 
gem designed to perpetuate the supre- 
macy of the rich countries. In more 
measured terms, the French Minister 
of Labour also questioned the inter- 
national division of labour proposed to 
the conference by the International 
Labour Organisation (ILO), whereby 


developing countries would specialise 
in the production of everyday consumer 
goods, using less sophisticated tech- 
nology and unskilled labour, while the 
industrialised countries would concen- 
trate their economies even more in the 
high-technology sectors. 

Put more favourably, however, what 
the ILO was proposing in its report to 
the conference was a Basic Needs Stra- 
tegy in which much greater effort in 
the field of appropriate technology 
was seen as essential for maximising 
the use of labour in the Third World. 
Given the present level of 300 million 
unemployed or underemployed in the 
developing countries, and their esti- 
mated need for 1,000 million new jobs 
over the next 25 years, the ILO stra- 
tegy is to many the more persuasive 
formulation. With it has to be swal- 
‘owed a slower rate of national growth, 
but in most developing countries the 
alternative—in terms of human and 
social cost—would be even less palat- 
able. 

Among Third World delegations, the 
Latin Americans in particular were 
convinced that they should “continue 
to incorporate the most advanced tech- 
nology into those activities where it 
was necessary in order to eliminate 
the technological gap.” At their pre- 
paratory meeting, by contrast, the 
African group had strongly endorsed 
the need for more work on appropriate 
technology as a matter of priority. 

In the end, it was the western in- 
dustrialised countries which blocked 
the ILO’s proposal for two new bodies 
to promote efforts in this field. A Con- 
sultative Group on Appropriate Tech- 
nology was suggested as a mechanism 
for mobilising resources and determin- 
ing research priorities, linked with an 
International Appropriate Technology 
Unit designed to identify and focus re- 
search in areas where technological 
innovation would have a significant 
impact. 

Again lacking the support of the 
employers and western governments, 
the developing countries and the 
workers’ group declared their support 
for an international code of conduct 
on technology transfer, as proposed by 
UNCTAD a month previously in 
Nairobi. As well as recommending a 
timetable for drafting and adoption of 
this code by the end of next year, the 
UNCTAD meeting also agreed on the 
immediate setting-up of regional tech- 
nological centres under the aegis of 
either UNCTAD or the UN Industrial 
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Development Organisation. 

Attention was also drawn in Geneva 
to the damaging restrictive practices 
contained in a dusty old piece of inter- 
national law—the Paris Convention of 
1883—which defined industrial pro- 
perty rights for a world very different 
from that of today. With its regulations 
tivity techniques which would condemn 
the developing countries to a perma- 
on patents and like matters often work- 


USSR 


ing to the detriment of developing 
countries, they and the workers’ group 
called for this Convention to be 
“drastically revised.” 

In its final report, the World Em- 
ployment Conference endeavoured to 
strike a balance between the need for 
technologies which will generate the 
maximum possible growth of employ- 
ment and the avoidance of low-produc- 
nently inferior role in the world 


Down Georgia way 





Wendy Barnaby, recently in the 
Georgian SSR, describes some of the 
scientific work going on there 





Ir takes two and a half hours to fly 
from Moscow to Tbilisi, the capital of 
the Georgian Soviet Socialist Republic. 
In this sunny space between the Black 
and Caspian Seas, the amount of 
human effort devoted to science de- 
pends on how successfully it—and 
everything else—competes with the five 
million Georgians’ favourite occupa- 
tion: the ceremonious consumption of 
their excellent local wines. And, as a 
few days spent with the Georgian 
Academy of Sciences shows, science is 
coming out of the competition extra- 
ordinarily well. 

Astrophysical astronomy is con- 
centrated in the southern republics of 
the Soviet Union, where the weather 
permits good observation. The air is 
especially clear on Mt Kanobili (1,700 
m), 250km from Tbilisi and only about 
40 km from the Turkish border. Spread 
throughout the trees on the mountain 
top is the Academy’s Abastumani Ob- 
servatory, founded in 1937 as the first 
experimental mountain astro-physical 
observatory in the USSR. Work here 
is mainly concerned with galactic re- 
search. The resident scientists (includ- 
ing many women) study stars’ spectra 
and classify them in order to examine 
the distribution of the stars according 
to their age and chemical composition. 
From such a distribution investigations 
are made of the structure of our galaxy. 
So far, about 100,000 stars have been 
classified, using a telescope whose 
diameter is the third largest in the 
world. During their last 20 years’ re- 
search, the astronomers have dis- 
covered two of the 150 Supernova stars 
as well as about 100 emission stars. 

The observatory’s stellar telescope 
has a diameter of 125cm and is the 
biggest fully automatic one in the 
USSR. The computer attached to it 
processes 1 million bits of information 
a second, and its memory stores 32,000 


bits. Observations, which can be made 
on 160-170 nights a year, are mainly 
for determining the stars’ chemical 
composition, physical properties and 
light variation. The solar telescope is 
used more frequently: generally on 260 
days a year. Through studying the 
physical properties of solar flares and 
sun spots, the astronomers hope to be 
able to predict solar activity. They 
also do photometric and spectroscopic 
studies of optic radiation of the sun’s 
atmosphere, and of radio emission at 
220 MHz. The resulting data is shared 
under the Solar Service Programme. 
Back at Tbilisi, the Underground 
Gravimetric Laboratory of the Acad- 
emy’s Institute of Geophysics is the 
centre of the Communist countries’ 
cooperative efforts to study earth tides. 
Half burrowed into a hill overlooking 
the city, the laboratory is accumulat- 
ing data which it is hoped will lead to 
the prediction of earthquakes. In tun- 
nels leading off from basement pas- 
sages, two double-component quartz 
extensometers composed of welded 
quartz tubes have been fixed so that 
their movements will reflect the tidal 
and secular deformations of the earth’s 
crust, enabling these to be observed. 
Any movement is recorded photoelec- 
trically, with a reading of 1 mm on the 
tape corresponding to a change of 0.1 
micron on the ground. Between 1965 
and 1972, the value of the recorded 
drift of one extensometer in the direc- 
tion N 60°E was 11.9 107°. The value 
of deformation in the direction N 30°W 
between 1966 and 1972 was 14.7X 107°. 
Further down the passages, tiltmeters 
on basalt bases record changes in N-S 
and E-W directions. The instruments 
are housed in a chamber 60m under 
the ground, where the diurnal tempera- 
ture variation does not exceed 0.005 °C. 
From 1967 to 1972, the total drift in 
the N-S direction was 0.4 microns, and 
that in the E-W direction was 3.0 
microns, The readings from both tilt- 
meters and extensometers are inter- 
preted by the laboratory’s staff as evi- 
dence of the existenc of secular move- 
ments of the earth’s surface. So far 
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economy. In practice, the technology 
choices of developing countries tend 
towards the capital-intensive end of 
the spectrum where work places will 
be few and far between for the one 
thousand million job-hunters in the 
year 2000. The danger is that what 
the report calls a “strategy of equili- 
brium” will be taken by most govern- 
ments as an endorsement of whatever 
their policy now happens to be. m) 





there has been no success in using this 
knowledge to predict earthquakes : 
neither at this laboratory, nor at a new 
seismic station nearby, where equip- 
ment is being installed for the measure- 
ment of seismic waves from local and 
distant events. (Incidentally, the scien- 
tists at the station claimed that their 
research will enable them to locate and 
identify nuclear explosions in rock and 
in the Northern Hemisphere down to 
less than 10 kilotons. If the station 
were integrated into an international 
net, it could presumably contribute to 
the verification of any future compre- 
hensive test ban treaty). 

The Gravimetric Laboratory’s 
methods are also being used to measure 
the earth’s movements at a hydro- 
electric dam under construction about 
50km from Tbilisi. The plant, which 
will be completed in 1978, will have a 
capacity of 130 MW. Its artificial lake 
will hold 500 million cubic metres 
which will irrigate 45,000 hectares of 
land and supply drinking water to 
Tbilisi and its industrial area for 80- 
100 years. 

Another of the laboratory’s activities 
is the suppression of hail which threat- 
ens to destroy large parts of Georgia’s 
grape crops every year. In 1974, 
20,000 rockets containing silver iodide 
were launched from 34 automatically- 
synchronised firing points to save 
360,000 hectares. Radar was used to 
detect clouds up to 15,000 metres, and 
results were good if the approaching 
front was narrow but not so good if it 
was broad. Because silver iodide is very 
toxic and expensive, research is being 
done into substitutes—ice with chemi- 
cals, for example. 

In addition to coping with a heavy 
load of scientific work, a number of 
Academicians—including the Vice- 
President—represent Georgia in the 
Supreme Soviet of the USSR. This in- 
volves them in political activity to a 
degree extremely rare for active scien- 
tists in the West. Such involvement un- 
doubtedly has its good and bad sides, 
but inasmuch as it contributes to the 
activism of science it seems a pity that 
Western scientists do not become more 
politically involved in their own 
societies. 


Nature Vol. 262 July 22 1976 
USSR 


@ The State Committee of Supply 
(Gossnab) of the Soviet Union is 
holding up scientific progress, a 
recent Pravda editorial has implied. 
Soviet policy is, of course, com- 
mitted to the idea of the scientific 
and technical revolution as the 
panacea for social and economic ills, 
but according to Pravda Gossnab per- 
sists in supplying research institutes 
and experimental enterprises as if 


they were ordinary industrial 
concerns. 
This criticism, from the official 


organ of the Party, reinforces the 
picture presented by individual scien- 
tists of a vast bureaucracy of order- 
forms, in which it is virtually impos- 
sible, once a project has started, to 
acquire some auxiliary equipment or 
reagents not envisaged in the original 
plan. The vivid description by such 
unofficial sources is of a standard 
procedure which includes over-order- 
ing what is definitely needed and 
arranging to exchange surpluses with 
another laboratory to provide for un- 
foreseen requirements. The success of 
a laboratory, it has even been 
claimed, depends not so much on the 

_ abilities of its top scientists, but on 
the wiliness of its “Fixer” in arrang- 
ing such unofficial supplies. 

Although Pravda makes no overt 
reference to this self-help system, this 
is clearly what lies behind the state- 
ment that “in the opinion of many 
scientists and specialists, what is 
needed is a system for the immediate 
supply of everything found to be 
necessary during the course of experi- 
ments and the development of experi- 
mental models.” This “would permit 
the acceleration of scientific pro- 
gress”, presumably by making allow- 
ances for serendipity and eliminating 
the need for a marked degree of pre- 
science. Gossnab, however, “is delay- 
ing with the creation of such a 
system”. 

The tendency to treat science as 
simply another branch of production 
is not, however, confined to Gossnab. 
The implementation of basic research 
in industry is one of the major themes 
of Soviet planning: considerable 
funds have accordingly been allo- 
cated to this end and a large number 
of research bases have been set up. 
Not all these facilities, however, are 
being used for their proper purpose. 
Thus, the Ministry of Gas Production 
has an excellent research establish- 
ment at Donetsk, but instead of using 
it for testing experimental models of 
new equipment, a large proportion 
of it has been handed over to routine 
production, while only a small frac- 
tion is used for the prime purpose 


of research and development. Ex- 
amples of proper cooperation in this 
field, such as that developed by the 
Byelorussian Academy of Sciences 
and its subsidiary institutes on the 
one hand, and the industrial enter- 
prises of the Byelorussian Republic 
on the other, to form what Pravda 
describes as “a truly powerful experi- 
mental base of science”, are still, it 
would seem, sufficiently rare to evoke 
glowing press reports when they 


occur. 





Another major problem facing 
Soviet research is the lack of suffi- 
cient scientific instruments. Here the 
problem is one of demand exceeding 
supply, so that in spite of consider- 
able efforts by the relevant Ministries 
(Instrumentation, Automation and 
so on) and scientific bodies from the 
Academy of Sciences downwards, 
there are still considerable shortages. 
One recent development has been the 
establishment of rental centres, from 
which expensive and complex equip- 
ment may be borrowed for specific 
experimental projects. Such centres 
are already in operation in Moscow 
and Leningrad, and the Rental Dep- 
artment of the Siberian Metrology 
Institute, now in its fourth year of 
operation, supplies “hundreds of 
scientific and industrial organisa- 
tions” of the developing regions of 
Siberia. The collective use of equip- 
ment, whether via rental centres or 
“on the principle of the comradely 
mutual aid and cooperation of Insti- 
tutes” is especially recommended. 
The use of computers in planning 
scientific supply is urged, but with 
the cautious proviso that computers 
are to be employed thriftily. 

For several years now, centralised 
and computerised planning has been 
a major aim of the logistics of Soviet 
science. This new emphasis on 
economy of computer use, and the 
suggestion that individual institutes 
might profitably make mutual equip- 
ment-sharing arrangements with 
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other institutes, is a far cry from 
legalising the present system of un- 
official exchanges of specially stock- 
piled surpluses. It does, however, 
indicate a growing recognition on the 
part of the authorities that running 
research and development on the 
same state-wide standardised pattern 
used for the production industries is 
at least problematical. 


® The Soviet space programme, 
being based on Tsiolkovskii’s concept 
of long-term orbital space stations as 
a prerequisite of any manned mis- 
sions to the moon or planets, has 
always been greatly concerned with 
the medical problem of prolonged 
weightlessness. The death of the 
Soyuz 11 team upon re-entry, although 
finally proved to be due to a faulty 
hatch-seal, at first evoked consider- 
able fears that the tragedy was due 
to some unsuspected side-effect of 
prolonged weightlessness. Accord- 
ingly, in addition to the usual pro- 
grammes of astrophysical observa- 
tions and the checking of equipment, 
the current Soyuz 21/Salyut 5 mis- 
sion is paying special attention to the 
effects of weightlessness. 

As usual, medical data—cardio- 
vascular and respiratory action—is 
being telemetered to ground control; 
in addition, however, the cosmonauts 
have on board what the TASS agency 
describes as a special set of scales to 
enable loss of body mass to be 
monitored. What precise form these 
scales take, and how they can operate 
in conditions of zero gravity, is not 
specified. A similar question is posed 
by another on-board experiment—the 
presence of a tank of guppy fish 
which will be periodically filmed to 
record their adaptation (if any) to 
weightlessness-—since submersion in 
water is a standard procedure for 
simulating weightlessness in pre- 
flight training missions. 

Whatever the precise significance 
of these experiments, however, it 
seems clear that Soviet plans are 
moving towards longer and longer 
missions. Increasing attention is being 
paid to both physical and psycho- 
logical well-being—an endless-belt 
“running track” and a colour-stide 
projector for light entertainment are 
carried on the latest mission. A new 
central control panel aboard Salyut 5 
gives greater facility for the cos- 
monauts to operate scientific equip- 
ment during experiments, reducing 
their dependence on ground control 
and preparing the way for fully 
autonomous space missions whether 
in orbit or beyond. 

Vera Rich 
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ESA scientific programme 


The European Space Agency is in the 
process of selecting its future scientific 
satellite and shuttle payloads. Studies 
of 16 possible projects were presented 
to European scientists at the end of 
last month in Paris. The astronomy 
and solar system working groups sub- 
sequently made recommendations and 
the Science Advisory Committee then 
listed the next scientific projects to be 
undertaken: cooperation on the space 
telescope with NASA, an out-of- 
ecliptic and solar stereoscopy mission 
and a large infrared telescope on 
Spacelab. Final decisions will be taken 
in September, but UK scientists are 
meeting this week to identify their 
main areas of interest. They may also 
voice their objections about where the 
axe has fallen among the original 
projects. 


THE name of sassafras tea conjures 
up thoughts of early days in North 
America, of folk medicine, and of a 
tree whose leaves, charmingly 
enough, grow in three different shapes 
on the same branch—some are three- 
fingered, some are mitten-shaped, and 
some are just oval. The name is 
Spanish, but the Onondaga tribe in 
New York State called it Wah-eh- 
nak-kas—‘‘smelling stick”. 

Pull up a sassafras seedling. You 
can peel the bark from the root, and 
sniff at the fragrance of the core. 
This spicy aroma led to its use as a 
flavour for root beer, which is a 
popular soft drink well-known to 
Americans and Canadians. But, alas, 
after many generations of people had 
enjoyed the natural flavour of sassa- 
fras, it turned out that safrole, the 
substance responsible for this, caused 
cancer in rats. Oil of sassafras, which 
contains about 80% safrole, was 
therefore banned as a food additive 
in 1960. 

Manufacturers of flavoring extracts 
switched to methyl salicylate, present 
in wintergreen berries, as a substitute 
for oil of sassafras, and root beer con- 
tinued to flow wherever soft drinks 
were sold in North America. The 
change made for a somewhat lini- 
mentous tang in the beverage, but 
the salicylates have a clean bill of 
health in the field of cancer. Also, 
wintergreen grows beneath sassafras 
trees in the Appalachian woodlands, 
so that there was an ecological link 
between the old flavour and the new. 

But safrole still lurked in packages 
of dried sassafras root that are sold 
in “health food” stores to lovers of 
herb teas. These infusions are 
rumoured to be good, in a generalised 


Reprocessing debate continnes 


The social, technological and environ- 
mental problems associated with the 
management of radioactive nuclear 
waste came under the spotlight last 
week during an international meeting 
of nuclear power experts in Denver, 
Colorado. Sir John Hill, Chairman of 
the UKAEA, pointing to national and 
international regulatory agencies, 
warned against premature adoption of 
inadequate short term safeguards on 
the one hand, and unnecessary delays 
to nuclear expansion pending the 
development of a “final [reprocessing] 
solution” on the other. Sir John fore- 
saw no imminent changes in UK 
waste management policy, so that work 
on vitrification processes would con- 
tinue, which need not ultimately pre- 
clude incineration. Even with wide- 
spread nuclear development, he said, 


way, for what ails you. By sipping 
them, you get all the benefits of hot 
water plus whatever happens to be 
in dandelion heads, camomile, dried 
parsley, peppermint leaves, comfrey, 





Mad about safrole 


THOMAS H. JUKES 


rosemary (that’s for remembrance), 
verbena, yerba maté, and, of course, 
sassafras. 

Since these ingredients contain hun- 
dreds of compounds that have never 
been biologically tested for anything, 
herb teas are apparently considered 
harmless, and in addition, their con- 
sumption is hallowed by ancient cus- 
tom. Unhappily for tradition, the 
Commissioner of Food and Drugs 
sternly pointed the finger “to make it 
clear that the prohibition on the use 
of safrole in food includes safrole- 
containing sassafras sold to make 
sassafras tea; effective June 10, 
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radioactive waste arisings would be 
small compared with world mercury 
and arsenic stocks. 

Meanwhile, amid reports that wes- 
tern Europe will have only about half 
of the reprocessing capacity it needs by 
1980, work has begun on the site for 
British Nuclear Fuels Ltd’s (BNFL) 
new reprocessing facility at Windscale. 
With construction costs estimated at 
£350 millions (the UK Government has 
just underwritten BNFL borrowing of 
£75 millions) the installation is ex- 
pected to handle 1,000 tonnes of spent 
fuel a year by the mid-1980s. 

A call for an outright ban on the sale 
of the technology for reprocessing 
will, however, be made at the annual 
conference of the British Labour Party 
in September. A motion urges the UK 
Government to consult with the group 
of nuclear exporting countries on the 
matter. 


1976.” 

Comments had come from private 
citizens and people in the herb tea 
business. Several felt it was unlikely 
that sassafras tea is injurious to 
health even if safrole is carcinogenic, 
in one case because the tea is con- 
sumed in the spring, and in another 
because it had “been used for cen- 
turies without reports of carcinogenic 
or other toxic effects.” Others noted 
that safrole was present in other 
foods such as nutmeg and mace and 
that hence the ban should include “all 
food substances containing detectable 
amounts of safrole.” 

This, of course, would be in 
accordance with the rules laid down 
by the “Delaney Amendment” in the 
Food Additives Law. The Commis- 
sioner replied, in effect, that he 
couldn’t ban everything, and he had 
to take care of the most concentrated 
source of safrole first. One corres- 
pondent stated that the fat of 
charcoal-broiled steak contains car- 
cinogens and that “action on sassafras 
should be deferred until something is 
done about that.” No one mentioned 
cigarettes. 

Several comments expressed vari- 
ous forms of anguish that a natural 
food, or food constituent, or in- 
gredient, or component should be 
regulated, saying that this treatment 
should be reserved for chemical addi- 
tives. Gently, the Commissioner re- 
minded them that all food ingredients, 
including natural food constituents, 
are chemicals, also that the defini- 
tion of “food? includes food 
additives. 

The ban showed that sauce for the 
Red Dye No. 2 goose is also sauce 
for the sassafras tea gander. 
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Plea for Argentinians 


Sir,—We are writing to call the atten- 
tion of your readers to the harassment 
many of our colleagues in Argentina 
are undergoing at the present time. 

The Junta Miltar headed by the 
general Jorge Videla has recently 
passed a law (ley de prescindibilidad, 
n.21.274) which allows to “release from 
duty” any employee of the public ad- 
ministration for unspecified “reasons 
of service”, without further justifica- 
tion.. This law has been the ground for 
expelling political dissenters from the 
universities and other scientific insti- 
tutions, mainly in Buenos Aires and 
La Plata. The most affected institu- 
tions are, so far, the CONICET 
(Consejo Nacional de Investigaciones 
Cientificas y Technicas), the institutes 
depending on the Comision Nacional 
de Estudios Geoheliofisicos, and the In- 
stitudo Nacional de Tecnologia Agro- 
pecuaria. Not less than 550 persons 
have lost their jobs: biologists, 
physicists, chemists, medical doctors, 
architects, technicians ‘and officers, 
some of them after 20 years, or more, 
of service. 

On May 7 the newspaper La Opinion 
reported that the Representative on 
the Junta Militar in the Ministry of 
Education acting as State Secretary for 
Science and Technology had decided to 
“release” 90 employees. 
paper quoted a few names of distin- 
guished scientists. On May 12. in La 
Oninion, Horacio Encabo  (vice- 
Director of the Centro de Investiga- 
ciones Neurologicas Torcuato Di Tella) 
expressed his worries in an article em- 
phasising the risks for the development 
of Argentina of a scientific policy in- 
spired by the criterion: “quien no es 
occidental y cristiano es subversivo” 
(who is not occidental and christian is 
subversive). Encabo was “‘released 
from duty” five days later. 

Besides protesting against these vexa- 
tions there are other ways of support- 
ing this courageous political and moral 
stand of our colleagues: anyone can 
join us by writing to those he or she 
may know personally or by name: in- 
forming them of his or her work bv 
sending reprints of preprints or renorts 
in fields of common interest: doing 
anything else to let them know that 
they are not left alone or forgotten by 
the world community of scientists to 
which they belong. 


Yours faithfully, 


The news-. 


F. Accascina, G. OLIVIERI, G. Tecce, G. 
Toscui (Rome); 

G. G. ALoIsI, G. Marino, U. Mazzucato, 
G. REICHENBACH (Perugia); 

R. ANDREOLI, L. ANTOLINI, P. BARALDI, 
I. BARALDI, M. C. Bruni, L. BENEDETTI, 
P. G. DE-BENEDETTI, R. BATISTUZZI, S. 
BuUFFAGNI, I. M. CRAMAROSSA, G. FABBRI, 
A. FABRETTI, G. Fi, G. GAVIOLI, A. 
Guist1, G. GRANDI, L. MENABUE, P. 
Mrrone, F. MomiccHioLi, G.. PELLA- 
CANI, A. RASTELLI, E. SoRAGNI, G. Tosi 
(Modena); 

G. Bicnami, A. Carpi, N. FRONTALI 
(Istituto Superiore Sanità, Roma); 

L. Buserro, G. L.. BENDANOLI, P. Bis- 
CARINI, M. CARLOTTI, G. Dr LONARDO, 
G. GALLONI, G. NIVELLINI, P. PALMIERI, 
C. STREMMENOS, F. TuLLINI, A. TROM- 
BETTI, C. ZauLt (Bologna); 

R. BARBIERI, M. CARAPEZZA, G. GIUDICE, 
G. La Grurra, M. Leoneg, F. Oppo, 
U. M Parma, M. B PALMA-VITTORELLI, 
L. PAOLONI, G. SERRAVALLE (Palermo); 

E. CLEMENTI, S. P1ZzINi (Istituto di Ri- 
cerche “G. Donegani” Novara); 

S. CALIFANO, E. FERRONI (Firenze); 

G GIACOMETTI, E. VIANELLO (Padova); 

G. ALBANESE, G. CasnaTi, R. Frescui, M. 
Fontana, C. Giori, L. 
Scrocco (Parma); 

A Monroy (Stazione Zoologica Napoli). 


OLEARI, E. 


Nuclear trade . 
Sır—As one who objects to all 
nuclear explosions, I would like to 
comment on “Heavy Water Allega- 
tions” (June 17, page 537). While I can 
understand Senator Ribicoff’s concern 
about India misusing US-supplied 
heavy water, I personally feel that 
most of those who object to India’s 
nuclear tests are hypocrit*--l. How else 
does one explain the deafening silence 
that greeted the revelation that Israel 
had at least twenty bombs in the 20-30 
kiloton range? The critics of India’s 
nuclear tests might well support Israel, 
using the well-worn argument that 
Israel is a perennially threatened state 
But does any state’s territorial integrity 
warrant a nuclear holocaust? I do not 
know if the US has aided Israel’s 
nuclear programme, but I think it is 
reasonable to suppose that it did. If so, 
why does not Senator Ribicoff con- 
demn Israeli nuclear tests? 

The only way to save the world 
from nuclear destruction is to ensure 
that no country thas a nuclear bomb. 
The present NPT cannot achieve this 
end because it is iniquitous. It assumes 
that the top five nuclear powers are 
the only ones which can be expected 
to behave responsibly. No self-respect- 
ing nation can tolerate this super- 
power arrogance. Those’ that have 
signed the NPT have done so under 
pressure. What we need today is a total 
elimination of nuclear arms. If this 


sounds naive and unattainable then, I 
assert, we have to be naive and we 
have to attain the unattainable if we 
want to prevent a world-wide 


. Hiroshima. 


The cynicism which characterises all 
super-power pronouncements on nuc- 
lear arms must give way to an 
enlightened idealism. The USA and 
the USSR should really be talking of 
Strategic Arms Elimination and not of 
Limitation. The West has provided 
enlightened leadership on several 
issues. Is it too much to expect it to 
collectively lead the world back to 
peace and sanity? You have produced 
both: ‘Bertrand Russell and Ronald 
Reagan. Is it unrealistic to expect that 
you would follow the former and not 
the latter? 

Yours faithfully, 
C. S. G. PRASAD 
Macmillan Company of India Ltd., 
New Delhi 110002 


Genetic engineering 
Sır, —If, as Mr Norman reports, (July 
1, page 2), the NIH did indeed recom- 
mend that, for safer recombination ex- 
periments, the recombinant DNA 
have “less than 1 in 107° chances of 
surviving in the natural environment”, 
then the critics of such experiments 
should have even more qualms’ one in 
107° is equivalent to 100,000,000 to 1. 

Yours faithfully, 

JEROME G BUESCHER 

Department of Microbiology, 
Thomas Jefferson University, 
Philadelphia, Pa. - 


Human anatomy 

Sir,—We were interested to see 

Anthony Harris’s measurements of 

asymmetry in young women (May 6, 

page 10) and the response of Connolly 

and Dangerfield (May 20, page 188), 

and have found our ratios right to left 

of ankle 1.006, calf 102, biceps 1.04, 

wrist 1.02. 

We conclude, assuming we are 
average females, that Anthony Harris’s 
conclusions are correct and asymmetry 
is commonplace 

Yours faithfully, 

Jupy WHALLEY, ENID THOMAS, HILARY 
LANE, Mary BronbD, GAIL WESTON, 
SuE WILKINSON, SANDRA NIXON, 
PENNY ELSIP 

Department of Food Sciences, 

Polytechnic of North London, 

London, UK 
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Are earthquakes a major cause of the 
Chandler wobble? 


from Hiroo Kanamori 


WHETHER or not earthquakes are a 
major cause of the Earth’s free 
Eulerian nutation (period of 14 
months), widely known as the Chandler 
wobble, has been a controversial issue. 
The present consensus seems to be that 
the crustal deformation associated with 
earthquakes is much too small to ex- 
plain the amplitude of the Chandler 
wobble. O'Connell and Dziewonski 
(page 259 of this issue of Nature), how- 
ever, suggest that earthquakes re- 
present the major factor in the wobble 
excitation. Since their analysis is very 
direct and unambiguous, it is important 
to examine what makes their conclu- 
sion distinct from others’. 

At one time, there were significant 
disagreements between theoretical 
results concerning the excitation of the 
Chandler wobble obtained by different 
investigators. This controversy, how- 
ever, seems to have been completely 
settled, and the theory is now formu- 
lated in a rigorous framework. Obser- 
vationally, the overall pattern of polar 
motion seems to be well established, 
although the data may not be good 
enough to allow correlation of the fine 
structure of the trajectory with indivi- 
dual earthquakes. 

The physical size of great earth- 
quakes has only recently been mea- 
sured very accurately. Traditionally, 
the earthquake magnitude M, (often 
called the Richter scale) is determined 
at periods of about 20 s, but it does not 
necessarily represent the total crustal 
deformation associated with earth- 
quakes. In fact, the M, scale is satu- 
rated at a magnitude of about 8 or 
when the fault length becomes about 
100km. Any earthquake whose fault 
length exceeds 100km has M, of 
8.3+0.3 regardless of whether the fault 
length is 100 or 1,000km. This does 
not mean that other measures of earth- 
quake “‘size” such as energy or seismic 
moment are similarly bounded. In 
order to measure accurately the 
physical size of great earthquakes, pre- 
cise measurements of long-period 
seismic waves are necessary. The 
amount of the overall crustal defor- 
mation is best expressed by the seismic 
moment M, which is proportional to 


the product of the fault area and the 
average displacement on the fault. 
With the recent progress in long- 
period seismology, the seismic moment 
has been determined for many great 
earthquakes. The fault geometry of 
great earthquakes is also important. 
With the advent of plate tectonics, it is 


reasonable to assume a fault geometry’ 


which is consistent with the contem- 
porary plate motion. 

In these circumstances, the paper by 
O’Connell and Dziewonski represents a 


very timely contribution. Most discus- . 


sions in the past have dealt with either 
statistical correlations or correlations 
between an individual break in polar 
motion and a particular earthquake. 
The statistical arguments are somewhat 


indirect, and the arguments on indivi- 


dual events are hampered by the poor 
quality of the data. In order to cir- 
cumvent these shortcomings, O’Connell 
and Dziewonski used geometries of 
great earthquakes predicted by plate 
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Fig. 1 Measured seismic moment 
M. versus seismic moment M. 
(O-D) assigned by O’Connell and 
Dziewonski for thirteen earthquakes. 
Closed circles indicate earthquakes 
for which‘ Me is directly determined : 
(from Kanamori and Anderson, Bull 
Seismol. Soc Am., 65, 1073-1095; 
1975; Ben-Menahem, Aboodi, and 


tectonics, and computed the cumulative 
effects of earthquakes on polar motion 
rather than the effect p individual 
events. 

Since the seismic moment M, is not 
known for most old earthquakes, 
O’Connell and Dziewonski estimated 
it by using the relation log Mo= 
8.8+2.5 Ms which is obtained from the 
work of Chinnery and North (Science, 
190, 1197-1198; 1975). The M, scale 
used in the above formula jis based on 
Gutenberg and Richter (Seismicity of 
the Earth, Princeton University Press, 


' 1954) and is very close to what is called 


the 20s surface-wave magnitude. On the 
other hand, O’Connell and Dziewonski 
used the magnitude scale adopted in 
Duda’s catalogue (Tectonophysics, 2, 
409-452; 1965) to estimate Mo. The 
magnitude scale used -in Duda’s 
catalogue is, however, different from 
Gutenberg—Richter’s ,M;; the former is 
systematically larger than the latter, a 
fact which, is not widely recognised. 
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Schild, Phys Earth planet. Int., 9, 
265-289; 1974), and open circles are 
for earthquakes for which M. is esti- 
mated from the 100s magnitude 
(Brune, and Engen, Bull. Seismol. 
Soc. Am., 59, ‘923-933; 1969), Num- 
bers refer to those in Table 1 of 
O’Connell and Dziewonski. 
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For shallow (H<60km) earthquakes 
for the period from 1905 to 1952 listed 
in Table 1 by O’Connell and Dziewon- 
ski, the average difference between the 
two scales is 0.3. Thus, the use of 
Duda’s values in the above M, versus 
M, relation results in an over-estimate 
of Mə by a factor of 5.6. Since the 
polar shift is linear with the seismic 
moment, this difference would mean 
that the effect on the Chandler wobble 
computed by O’Connell and Dziewon- 
ski is, on the average, 5.6 times too 
large. However, it is more important 
to note that because of the saturation 
of the M, scale beyond 8, any Mo 
versus M, relation is useless for earth- 
quakes of M,28. For these large earth- 
quakes direct determinations of Ma are 
essential. Fortunately, for seven earth- 
quakes listed in Table 1 of O’Connell 
and Dziewonski, a direct determination 
of M, has been made, and for six other 
earthquakes the 100s magnitude (from 
which Mo can be estimated fairly ac- 
curately) has been determined. In 


Fig. 1, these .seismic moments are 
compared with those estimated by 
O’Connell and Dziewonski from Duda’s 
catalogue through the Mo versus Ms 
telation. For earthquakes with very 
large rupture dimensions such as the 
Chilean (No. 29), the Alaskan (No. 30) 
and the Kamchatka (No. 27) earth- 
quakes, the agreement is very good, 
but for many earthquakes with smaller 
Tupture dimensions, M, seems to be 
overestimated by more than two orders 
of magnitude. For most events before 
1923 no direct determination of Mo 
has been made, but it seems almost 
certain from the above comparison 
that Mo is overestimated in a similar 
manner. 

O’Connell and Dziewonski, in. fact, 
considered most of these problems 
carefully in their article, but in view 
of the good accuracy of moment deter- 
minations even for relatively old earth- 
quakes it appears that the direct effect 
of earthquakes is about one order of 
magnitude too small to explain the 
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Chandler wobble. But- as they suggest, it 
is possible that earthquakes accompany 
very large aseismic deformation which 
has not been detected by existing seis- 
mological instruments. Then the fact 
that O’Connell and Dziewonski could 
explain the temporal behaviour of the 
Chandler wobble amplitude by using 
the mechanisms of earthquakes derived 
from plate motion may suggest that 
accelerated, but aseismic, plate motions 
are associated with great earthquakes 
(Anderson, Science, 182, 49-50; 1974). 
Although such aseismic deformation 
has been suggested from several inde- 
pendent observations (of tsunami earth- 
quakes, slow pre- and post- seismic 
deformations, disparity between plate 
motion and seismic slip rate for 
example), the details are at present 
unknown. With world-wide deployment 
of high-quality ultra-long period instru- 
mentation (see Agnew et al., EOS, 57, 
180-188; 1976), it is hoped that the 
nature of such aseismic deformation 
will be revealed in the near future. DO 


Long palindromes in eukaryotic DNA 


from T. Cavalier-Smith 


One of the most fascinating differences 
in the organisation of DNA in eukary- 
ote cells (those with a distinct nucleus) 
from that in prokaryotes (bacteria and 
blue-green algae) is the abundant 
occurrence—in higher eukaryotes at 
least—of ` long palindromes. When 
applied to nucleotide sequences in 
double-stranded DNA the word ‘palin- 
drome’ usually means regions of DNA 
with an axis of two-fold rotational 
symmetry which would be read the 
same in, both directions by the .cell’s 
transcription machinery: 
— 
CATATG 
GTATAC 
Se 
would for example, be transcribed to 
give an RNA molecule with the 
sequence C AU AUG whichever end 


— 

the RNA polymerase started, because 
the polarity of the transcript (shown 
by the arrow) is always antiparallel to 
that of the template strand. 

(A few authors call sequences ‘like 
a 
GTAATG 
CATTA C 
—— 

“palindromes”, but though when no 
account is taken of polarity each in- 
dividual strand appears palindromic, 
the sequence does not show two-fold 
symmetry, and if it were read in both 
directions by RNA polymerase two 
quite different RNA sequences would 


be made—its biological meaning is 
quite different when read backwards. 
Here I use ‘palindrome’ only for 
sequences with two-fold symmetry.) 
Since palindromes are inverted re- 
peats they can be easily identified 
because the two strands are self com- 
plementary. If denatured to separate 
the strands and then returned to re- 
naturing conditions each strand will 
rapidly fold back on itself to form a 
double-stranded hairpin loop: 


T 
TA 

These can be separated from non- 
palindromic DNA because they bind 
strongly to hydroxylapatite. Wilson and 
Thomas (J. molec. Biol., 84, 115; 1974) 
found numerous almost perfect palin- 
dromes in Drosophila, Xenopus and 
human DNA. Usually 300-1,200 
nucleotide pairs long, they form several 
percent of the total DNA and like non- 
inverted medium repetitive sequences, 
are widely dispersed in the DNA and 
not clustered in:some special fraction. 
Such long palindromes are absent in 
prokaryotes and may be of profound 
significance for the organisation of 
eukaryote chromosomes. In searching 
for explanations one must bear in mind 
that not all eukaryote palindromes are 
perfect. Many are not or have impaired 
terminal loops (Schmid ef al., Cell, 5, 
159; 1975; Perlman et al., Cell, 8, 33; 
1976). 

Palindromes could have many func- 


tions. Short ones can serve as recog- 
nition sites on the DNA for proteins 
which themselves have two-fold rota- 
tional symmetry. Such short palin- 
dromes do exist in prokaryotes: the 
recognition sites for the lac repressor 
and several bacterial restriction 
nucleases are palindromes, but these 
are too short to be detected by hyroxyl- 
apatite which in conditions usually used 
only binds double strands of over 50 
base pairs. Another suggestion is that 
palindromes form pairs of lateral hair- 
pin loops in the DNA which could be 
important for recombination or other 
functions. (Sobell, Prog. Nucl. Acid 
Res. molec. Biol., 13, 153; 1973). Such 
paired loops have not been found in 
isolated: DNA, though they can be 
generated in vitro (Karrer and Gall, 
J. molec. Biol., 104, 421; 1976). A 
looped secondary structure (like that 
of tRNA on a larger scale) would be 
expected in RNA transcripts of palin- 
dromic DNA and has been found in 
nuclear RNA, including both hetero- 
geneous nuclear RNA and low molecu- 
lar weight nuclear RNA, though not in 
cytoplasmic mRNA; however, the 
length of these loops (which could have 
an important role in regulation of 
transcription or RNA processing or 
transport) is génerally shorter than the 
palindromes seen in the DNA. 

Recent studies in Xenopus (Perlman 
et al., op cit.) argue against a specific 
control function for long palindromes. 
It appears from renaturation kinetic 
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studies that the unique DNA attached 
to isolated palindromic DNA can in- 
clude all unique sequences in the 
genome, and not just a small specific 
subfraction as would be expected if 
the palindromes were always attached 
to the same adjacent sequences. Perl- 
man et al.’s interpretation is that the 
100,000 palindromes of Xenopus are 
inserted at different sites in different 
copies of the genome, and that at any 
one time one tenth or fewer of the 
palindromic insertion sites' (which must 
occur at average intervals of 2,500 base 
pairs or less) are occupied. If correct, 
this implies a more fluid model for the 
eukaryote genome than is. traditional. 
One would have to postulate either 
that palindromes are continually being 
generated or destroyed or are being 
swapped from one chromosome site to 
another, probably even during the life- 
time of a single individual. Schmid and 
Deininger (Cell, 6, 345; 1975) have 
shown that palindromes are randomly 
positioned with respect to unique and 
middle repetitive sequences in human 
DNA. 

In 1974 I suggested a mechanism for 
the replication of the ends (telomeres) 
of linear chromosomes which requires 
terminal palindromes (not necessarily 
very long ones) and an endonuclease 
specific for the palindromic sequence 
(Nature, 250, 467). There are indica- 
tions that a number of viruses, notably 
adeno-associated virus (Strauss et al., 
Proc. natn. Acad. Sci. U.S.A., 73, 742; 
1976) may replicate’in this way; more- 
over, as predicted, the ends of the gene- 
sized minichromosomes of hypotrich 
ciliate macronuclei are palindromic and 
probably generated by palindrome 
specific endonucleases (Wesley, Proc. 
natn. Acad. Sci. U.S.A., 72, 678; 1975). 
Now Karrer and Gall (J. molec. Biol., 
104, 421; 1976) and Engberg et al..(J. 
molec. Biol., 104, 455; 1976) have both 
shown that in Tetrahymena macro- 
nuclei, where in contrast to hypotrich 
ciliates the bulk of the DNA is not 
cleaved into gene-sized pieces, the 
rDNA exists as numerous smal] linear 
DNA molecules each of which is a 
perfect palindrome over 20,000 nucleo- 
tide pairs long. This rDNA is amplified 
20 times in total amount relative to the 
rest of the macronuclear DNA, but 
each molecule contains only two (in- 
verted) copies of each of the two RNA 
genes. 

If, as Karrer and Gall postulate, 
these long palindromes also have short 
identical inverted repeats at each end, 
they could replicate either according 
to my model or by way of a circular 
intermediate. Terminal ‘minipalin- 


dromes’ would make it very easy to: 


explain their formation during amplifi- 
cation by failure of the sequence 
specific nuclease to nick just one end. 
The study of this process could have 


far reaching implications for the under- 
standing of eukaryote chromosome 
organisation. It is in fact very tempting 
to suggest that all eukaryote chromo- 
somes, and not merely those of hypo- 
trich ciliates, consist of a linear array 
of potentially -independent replicative 
units terminated by short palindromic 
sequences. “ 

To end on an even more speculative 
note, Sparrow and Naumann (Science, 
192, 524; 1976) review evidence that 
the doubling of whole chromosomes 
may be a major cause of the evolution- 
ary increase in genome size; they sug- 
gest this could occur in linear chromo- 
somes by a slight modification of my 


palindromic telomere replication 
mechanism suggested by Bateman 
(Nature 253, 379; 1975) so as to 


generate a double length chromosome 
that would (until the genes inevitably 
diverged during evolution) be a single 
palindrome like that of the Tetra- 
hymena rDNA giant palindrome only 
far longer. O 


Expression of a 
eukaryotic gene in 
Escherichia coli 
from John Atkins 


Tue development of the technology of 
cloning DNA fragments from diverse 
sources in E. coli and potentially other 
organisms, by linking them to a plas- 
mid or phage replicon has provoked 
much discussion. The possible expres- 
sion of eukaryotic DNA to produce 
functional proteins when cloned in E. 
coli has been a key question. A positive 
answer would greatly facilitate the iso- 
lation of a substantial number of 
eukaryotic genes by enabling their pro- 
tein products to be detected by com- 
plementation of well-studied prokary- 
otic mutants. Currently the chromoso- 
mal eukaryotic genes, which have been 
identified on cloned segments, are 
limited to those whose mRNA copies 
are a large proportion of the total 
mRNA, generally of some specialised 
cell type or after appropriate induc- 
tion, and so can be isolated in relatively 
pure form. The ribosomal RNA genes 
also belong to this category (see News 
and Views, Nature, 259, 173; 1976). 
Thus an assay based on complementa- 
tion of auxotrophs would provide a 
significant extension of the range of 
genes which could be identified and 
so studied. Another main reason for 
the interest: in whether eukaryotic 
genes can be expressed at the protein 
level, using the existing vectors, is in- 
dustrial. Will the vectors which have 
been developed for E. coli hosts enable 
certain valuable eukaryotic proteins to 
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be produced in organisms such as E. 
colt when grown in fermenters? 

A number of different groups have 
started experiments to answer this ques- 
tion about the expression of eukaryotic 
genes in E. coli, but credit is due to 
Struhl, Cameron and Davis who des- 
cribe a careful genetic analysis of the 
first successful experiments in the cur- 
rent issue of the Proceedings of the 
National Academy of Sciences (73, 
1471-1475; 1976). As the cloning vector 
this Stanford-based group used bac- 
teriophage lambda. One of the features 
of certain A vectors is that transcription 
originating at one of the powerful A 
promoters (Pz) continues into the 
heterologous cloned DNA and does not 
terminate at normal (that is rho) ter- 
mination sites. The Stanford group did 
not have to utilise this feature of A, 
however, as they found that transcrip- 
tion was initiated within the yeast 
fragment. Whether transcription orig- 
inated at a sequence fortuitously recog- 
nised by E coli RNA polymerase 
(compare cloned mouse mitochondrial 
DNA, Chang, Larsman, Clayton and 
Cohen, Cell, 6, 231; 1975) or at the cor- 
rect yeast promoter, is unknown. 

The two E. coli mutants used for the 
complementation tests weré histidine 
auxotrophs both with non-revertible 
non-suppressible mutations in the hisB 
gene such that imidazole glycerol phos- 
phate (IGP) dehydratase activity was 
not present, although the other enzyme 
activity, hhistidinol phosphatase, coded 
by the same gene was retained (the com- 
plementation patterns in the hisB gene 
and relationship to the subunit com- 
position of the two enzyme activities 
are discussed by Loper et al., Brook- 
haven Symp, 17, 15; 1964). Struhl et 
al. isolated A phages carrying yeast 
DNA which complemented both his 
mutants lacking IGP dehydratase al- 
though they did not complement single 
site mutants lacking histidinol phos- 
phatase. This is reassuring as the yeast 
genes coding for the two enzyme acti- 
vities are widely separated on the yeast 
genome. Davis and coworkers next 
made *P-labelled complementary RNA 
in vitro using E. coli RNA polymerase 
and DNA from the A carrying the yeast 
histidine gene as a template. This RNA 
was then hybridised to separated frag- 
ments derived from an independently 
prepared yeast DNA sample, and the 
DNA fragment which gave positive 
hybridisation was the same size as the 
cloned yeast fragment from which the 
complementary RNA was synthesised. 
As the authors point out, this argues 
against any contaminant phage being 
responsible for the complementation. 
Struhl et al. have not yet characterised 
the enzyme produced, nor the DNA 
fragment in detail, and any real 
measure of the efficiency of transla- 
tion also awaits study. This latter 


Nature Vol. 262 July 22 1976 


aspect is of interest as one of the very 
few reports from analogous cell-free 
translation studies gave a low efficiency 
of translation (Crawford and Geste- 
land, J. molec. Biol., 14, 627; 1973) and 
whether the efficiency is greater in vivo 
(in relation to other in vivo transla- 
tion), or if it is very message depend- 
ent, is unknown. Consequently, any 
generalisations from the present study 
should await the results of comple- 
mentation studies done with a consider- 
able number of different auxotrophs. 
The presentation at the recent Miles 
Symposium by J. Carbon and col- 
leagues suggest that such reports will 
soon be forthcoming. o 


More rapidly 
growing manganese 


from Peter J. Smith 


Two years ago Scott et al. (Geophys. 
Res. Lett., 1, 355; 1974) reported the 
discovery of an unusual manganese 
oxide crust about 5km from the axis 
of the mid-Atlantic ridge at 26°N. The 
sample in question, a 4.2 cm thick de- 
posit of birnessite with a trace of 
todorokite, had an abnormally low iron 
concentration (compared with typical 
ferromanganese nodules and crusts), 
was depleted in *°Th and Pa and 
contained unexpectedly small amounts 
of Cu, Ni and Co. Its most startling 
characteristic, however, was its rapid 
growth rate. Whereas ferromanganese 
nodules and crusts grow on the ocean 
floor at typical rates of 0.1-1.0cm per 
million years, the new sample had ap- 
parently grown at a rate of 13.0-25.0 
cm per million years. 

On the basis of all the evidence Scott 
and his colleagues concluded that their 
newly-discovered crust was a product 
of hydrothermal activity along an 
active ridge crest and had not, as 
‘normal’ ferromanganese crust, pre- 
cipitated from seawater. At that time 
the importance of hydrothermal pro- 
cesses at ridges, though not unrecogn- 
ised (for example, Lister, Eos, 55, 740; 
1974 and others had recently drawn 
attention to it), was not widely appre- 
ciated. Today, however, the situation 
is rather different Hydrothermal 
activity is increasingly commonly ac- 
knowledged to play a major part in 
heat transfer at oceanic ridges, prob- 
ably explaining both the great vari- 
ability of axial heat flow and the low 
average axial heat flow observed com- 
pared with that predicted from cooling 
lithosphere models. It is probably also 
closely involved with the formation of 
metal-rich sediments at ridge crests. 

It is in this changing context that 
Moore and Vogt (Earth planet. Sci. 
Lett., 29, 349; 1976) now report the 
discovery of two more manganese oxide 
crusts (A and B), similar to that of 


Scott and his coworkers but from the - 


vicinity of the Galapagos spreading 
axis. Sample A is a 24cm thick 
deposit recovéred from an almost 
sediment-free wall of an axial valley 
of the spreading centre where the base- 
ment age estimated from magnetic 
anomalies is 0.3 Myr. It consists of a 
grey banded zone comprising mixed 
todorokite and birnessite covering a 
darker friable zone of todorokite. 
Assuming this sample to have remained 
a chemically closed system, its maxi- 
mum age obtained from the 7°Th/“U 
ratio is 6,000 years at a depth of 9-13 
mm within the crust and 9,000 years at 
6-9 mm. On this basis the growth rate 
for the outer 1 cm was therefore 100- 
200 cm per million’ years, or 100-2,000 
times greater than the rate for sea- 
water-precipitated deposits. 

Compared with typical ocean floor 
ferromanganese deposits, sample A has 
very low Fe/Mn and *’Th/?"U ratios, 
a higher manganese concentration and 
lower transition metal concentrations. 
These properties, combined with the 
rapid growth rate, strongly support the 
idea of formation by ridge hydro- 
thermal activity in an area where the 
supply of manganese is enhanced. 
Indeed, circumstances suggest that 
hydrothermal activity may be ‘more 
vigorous here than is usual along 
spreading axes, for the recovery site is 
close to the position of the proposed 
Galapagos hot spot. Be that as it may, 
the chief competing explanation—that 
the extra manganese is remobilised 
from a sedimentary source—would 
seem to be ruled out by the obvious 
lack of sediment at the recovery site 
and a direct association of the crust 
with igneous rocks such as tholeiitic 
basalts and, unusually, soda rhyolite. 

Sample B, a 4-6cm thick crust re- 
covered further from the ridge axis at 
a point where the basement age is 2.4 
Myr, is more complex, less amenable 
to study but in some ways more inter- 
esting than sample A It has a 46cm 
core of grey todorokite and birnessite 
which is chemically similar to sample 
A and thus believed likewise to be of 
hydrothermal origin. But, by contrast, 
the core is covered with a 3 mm thick 
layer of darker material indistinguish- 
able from seawater-precipitated man- 
ganese deposits. 

Chemical analysis shows that this 
sample could not have remained a 
closed system. No ages can therefore 
be calculated from the ?°Th/*™U ratio, 
although given the basement age the 
growth rate must have been at least 
2.5cm per million years. Assuming 
average precipitation growth rates, the 
3mm covering would then have taken 
about 1 million years to form around 
the core. The implication is that the 
core formed hydrothermally whilst the 
sample was close to the spreading axis, 
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but acquired a seawater-precipitated’ 
coating more slowly as it was taken out 
of the hydrothermal zone by seafloor 
spreading. 

Taken together, these two samples 
provide further support for the exist- 
ence of hydrothermal processes at ridge 
crests. Why such activity should lead 
to extreme fractionation of iron and 
manganese, and thus to deposits 
abnormally rich in manganese, is 
another question, however. Moore and 
Vogt support the view that the iron was 
removed from the hydrothermal solu- 
tions before they debouched into the 
seawater. Bonatti et al. (Econ. Geol., 
67, 717; 1972), following Krauskopf, 
noted, for example, that iron should 
precipitate from a hydrothermal fluid 
before manganese as sulphides or 
oxides, thereby gradually lowering the 
Fe/Mn ratio in the remaining fluid. 
Clearly this process could produce a 
solution depleted in iron so that at 
debouchment the manganese would be 
rapidly oxidised and precipitated. But 
this explanation is almost certainly in- 
complete— and there are other pos- 
sibilities. The full details and signi- 
ficance of hydrothermal activity at 
ridge crests have yet to be worked out. 


Borrowed 
polypeptides 

in QB replicase 
from Pamela Hamlyn 


Tue enzyme which replicates the 
genetic material of the single-stranded 
RNA phage Q@ — QB replicase — has 
many interesting properties, not least 
its specificity. The enzyme recognises, 
and begins initiation, at the oligo- 
nucleotide CCCA found at the 3’ end 
of both the plus and minus strands (it 
is a two step replication). The first 
residue to be incorporated is a G; the 
A is not copied. In vitro the enzyme 
will replicate poly(C) and C-containing 
copolymers which suggests it is not 
too choosy, perhaps only requiring 
some Cs at the 3’ terminus. But it will 
not replicate the RNA of other similar 
phages which also end with CCCA. 
Weissman-has proposed—and there is 
some supporting evidence—that as well 
as the terminal Cs the enzyme also re- 
cognises another region within the 
RNA molecule and it is the spatial 
relationship between these regions that 
acts as a signal for initiation (Weiss- 
man et al., A. Rev Biochem., 42, 303; 
1973) 

Another notable feature of QB re- 
plicase is that three of the four sub- 
units comprising the enzyme are 
polypeptides ‘borrowed’ from the host 
—E. coli. One is the ribosomal protein 
S1 which the host uses for the correct 
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recognition and binding of mRNA. The 
other two requisitioned polypeptides are 
also involved in protein synthesis in the 
host; they are the polypeptide elonga- 
tion factors (EF) Tu and Ts Their 
known function |in protein synthesis 
could be very neatly fitted with possible 
functions in the Qf replicase. EF-Tu is 
able to bind GTP which is the only 
nucleotide with which Q£ replicase can 
initiate replication. EF-Ts can remove 
GDP from EF-Tu in a catalytic ex- 
change reaction. In addition, EF-Tu is 
able to bind aminoacyl-tRNA and, 
since Q8 RNA and tRNA both have 
CCA at their 3’ end, the suggestion was 
readily made that EF-Tu in the -repli- 
case was involved in enzyme—template 
binding. 

The method used to test these hypo- 
theses was to alter the EF-Tu and EF- 
Ts subunits so that they. are no 
longer effective in supporting protein 
synthesis, and then to reconstitute QB 
replicase with these modified subunits 
and test for enzymatic activity with 
synthetic and natural templates. Brown 
and Blumenthal have performed these 
experiments with unexpected results. 
(Brown and Blumenthal, J. biol Chem., 
251, 2749; 1976; and Proc. natn. Acad. 
Sci. U.S.A., 73, 1131; 1976). Using 
chemical modifiers, they have altered 
the aminoacyl tRNA binding site of 
the enzyme subunit which is EF-Tu 
and shown that, although it now no 
longer supports protein synthesis, QB 
replicase reconstituted with it is active 
—in fact its specific activity is very 
similar to the native enzyme. To in- 
vestigate the GTP. binding site on EF- 
Tu they used kirromycin, an antibiotic 
that inhibits protein synthesis by alter- 
ing the GTP binding properties of EF- 
Tu but has no effect on the aminoacyl- 
tRNA binding site. Low levels of kirro- 
mycin which effectively inhibit protein 
synthesis do not affect the replicase 
activity, suggesting that in replicase 
EF-Tu does not function by binding 
GTP. Further careful experiments 
using reconstituted replicase revealed 
that kirromycin acted on the enzyme 
by preventing the formation of an 
EF-Tu:Ts complex. The authors think 
that it is as a complex that these two 
subunits function in native replicase. 
Support for this is provided by the ex- 
periments described in their paper in 
the Proceedings of the National Aca- 
demy of Sciences. EF-Tu and EF-Ts 
have been chemically ‘crosslinked’ 
(joined covalently) and this complex 
used to reconstitute the enzyme. 
Although in this state the elongation 
factors cannot perform their function 
in protein synthesis, they do not at all 
inhibit the activity of the reconstituted 
enzyme. 

Since the replicase is not utilising the 
known abilities of EF-Tu and EF-Ts 
perhaps they perform other functions 


-in the host, as yet undiscovered by 
scientists but recognised by QP as use- 
ful. More likely the authors think, is 
that the two subunits have some struc- 
tural role, perhaps holding subunit II, 
the one coded for by QB, in its active 
configuration. The enzyme has the 
ability to unfold its template RNA as 
it copies it and to keep the two com- 
plementary strands apart. Perhaps EF- 
Tu-Ts could be involved. O 


Zinc 
in enzymes 


from Peter J. Sadler 


WHEN cultured in normal conditions, 
yeast uses a zinc metalloenzyme, alcohol 
dehydrogenase (YADH), during the final 
stage of the fermentation process, for the 
conversion of acetaldehyde to ethanol. 
The role of zinc in the enzyme is intriguing. 
If Co?+ is added to the culture medium it 
becomes incorporated into the enzyme, 
and green (but still active) enzyme 
crystals instead of colourless (Zn) ones 
(Curdel and Iwatsubo, FEBS Lett., 1, 
133; 1968) can be isolated. Furthermore, 
if Zn?+ is excluded from the growth 
medium and Mn?* is added, an active 
Mn?*+ enzyme is isolated (Coleman and 
Weiner, Biochemistry, 12, 3466; 1973). 

The natural yeast enzyme has a 
molecular weight of 140,000 and con- 
tains four zinc ions. Their role is thought 
to be similar to the four zinc ions in the 
mammalian liver enzyme (molecular 
weight 80,000) which converts ingested 
alcohol to acetaldehyde. This enzyme 
(LADH) has recently been the subject of 
X-ray crystallographic analyses at 2.4 Å 
resolution (Eklund et al., J. molec. Biol., 
102, 27; 1976) and detailed metal ex- 
change studies in solution (Stykowski 
and Vallee, Proc. natn. Acad. Sci. 
U.S.A., 73, 344; 1976). A close look at 
these results reveals the conditions in 
which metal ions can be swopped and 
activity retained. 

Early attempts to remove zinc from 
LADH and to reconstitute it with other 
metal ions met with difficulty. Enzyme 
activity decreases as zinc is removed, but 
slow conformational . changes occur 
through oxidation of formerly stable SH 
groups to S-S bonds (Oppenheimer, 
Green and McKay, Archs Biochem. 
Biophys., 119, 552; 1967). 

But successful exchange reactions can 
be performed under an N, atmosphere. 
The zinc atoms behave in pairs: Zn; (Zn,) 
representing non-catalytic (catalytic) ions. 
The pairs exchange at different rates. 
For example, Zn, (Zn,) dialysed against 
radioactive Zn, (Zn) initially becomes 
Zn, (Zna) and finally Zn, (*Zn,). 
Similarly, Zn, (Zn) with Co*+ added 
becomes Co, (Zns) after 12h (4°C, 
PH 5.5), and Co, (Co,) after 120 h. But 
Coz (Zn) has an identical activity to 
Zn, (Zn), whereas Co, (Co,) is only 
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64% as active. Hence the term catalytic 
to describe the second pair of zinc ions. 

The crystallographic analysis shows 
the enzyme to be a dimer of two identical 
subunits, each having two zinc binding 
sites and one coenzyme (NAD*) site. As 
predicted by earlier spectroscopic studies 
(Foster, Hill and Williams, Biochem. Soc. 
Symp., 31, 187; 1970) on YADH, the 
zinc coordination sites are (distorted) 
tetrahedral and include cysteine (sulphur) 
ligands: four cystzines for the non- 
catalytic zinc, and two plus one histidine 
(N) and one water molecule for the 
catalytic zinc. The latter, which is the 
faster ion in exchange, is situated at the 
bottom of a 20A pocket, whereas the 
non-catalytic zinc is in a cleft on the 
enzyme’s surface. 

An alternative differentiation of the 
zinc atoms involves binding 1,10-phen- 
anthroline (OP). OP inhibits reversibly 
Zn: (Zn) or Co, (Zn) by binding at 
catalytic zinc (H,O displacement) without 
removing them. OP irreversibly inhibits 
Co, (Co,) by removing the catalytic 
cobalt ions. A difference in behaviour of 
Co and Zn is notable here. 

A near-tetrahedral zinc with a water 
ligand is now becoming familiar at zinc 
sites in metalloenzymes: carbonic anhy- 
drase (3 His, H,O), carboxypeptidase 
(2 His, Glu, H,O), thermolysin (2 His, 
Glu, H:O). Woolley (Nature, 258, 677; 
1975) has recently discussed the enhanced 
reactivity of such water ligands. This may 
vary with the fractional change placed on 
Zn by the other ligands, and may account 
for the exceptional catalytic efficiency of 
carbonic anhydrase which has one of the 
largest known turnover numbers, 600,000 
SaR . 
The non-catalytic zinc or cobalt ions 
in LADH may simply have structural 
roles, but this coordination site is 
strikingly similar to the iron site in 
rubredoxin and bacterial ferredoxins, and 
a sequence spacing of coordinated 


cysteines, X, X + 3 isa regular occurrence. 
Substitution of the non-catalytic zinc 
with iron should not only produce an 
enzyme with interesting properties, but 
also perhaps with evolutionary sig- 
nificance! o 





A hundred years ago 


VIOLENT shocks of earthquake ‘were 
felt again on the 5th inst. at Corinth 
and the surrounding district. The direc- 
tion of the motion was east to west. 
Shortly after noon on Monday an 
earthquake occurred in Vienna Three 
violent shocks, lasting two seconds, 
were felt. A panic ensued. Several 
houses are damaged, and a portion of 
the old walls has been split. 
from Nature, 14, July 20, 260; 1876 
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Superposition of the polar shifts computed for 234 large 
earthquakes (M,=7.8) that occurred between the years 
1901 and 1970 yields a synthetic curve that closely resembles 
the observed pattern of variations of the Chandler wobble 
during the same period. We conclude that earthquakes 
represent the major factor in the wobble excitation. 





Since its discovery in 1891, the Eulerian free nutation of the 
Earth, popularly called the Chandler wobble, has been of 
considerable interest to astronomers, meteorologists, oceano- 
graphers and solid earth geophysicists. Throughout this time 
the mechanisms exciting the wobble have remained elusive, and 
although atmospheric motions, core-mantle interactions and 
earthquakes have all been considered, none of these has been 
either clearly identified as the principal source of excitation or 
entirely rejected as a partial contributor. 

The period of the wobble depends on the Earth’s oblateness 
and its elastic properties, and the observed period is reasonably 
well accounted for by current Earth models, with the greatest 
uncertainty coming from lack of exact knowledge of the effect 
of the oceans!. The observed variation of amplitude of the 


wobble has not been satisfactorily explained, although several : 


different mechanisms have been proposed. These variations 
must be caused by damping and the excitation of the wobble. 
These two mechanisms cannot be studied independently, of 
course, since the excitation needed to account for the observed 
wobble depends on the magnitude of damping. 

None of the estimates of the frequency or damping of the 
wobble have explicity considered the mechanisms exciting the 
wobble, and it is conceivable that particular excitations could 
introduce considerable bias into estimates of the intrinsic 
frequency and damping of the wobble. For this reason it is 
advantageous to calculate the excitation from specific mecha- 
nisms to remove any such biases, before interpreting the 
results in terms of the intrinsic properties of the Earth. 

In this study we consider the cumulative effect of major 
earthquakes that occurred between 1901 and 1970 as a source of 
excitation of the wobble. Previous investigations of the role of 
earthquakes in exciting the wobble have yielded no clear 
conclusions. Although Munk and MacDonald?, among others, 
had concluded that displacements associated with earthquakes 
were too small to excite the wobble, Smylie and Mansinha* 
presented evidence for a correlation between times of occurrence 
of major earthquakes and changes in the direction of polar 
motion. This suggested that earthquakes could be responsible 
for a sizeable fraction of the excitation and revived interest in 


the subject which has become one of the more controversial 
topics in the geophysical literature. 

Subsequent studies*® concentrated on the correlation between 
individual earthquakes and short term changes in polar motion. 
Because of the considerable uncertainty in the exact location of 
the pole at any time, a definite correlation between polar motion 
and earthquakes could not be firmly established®’. In addition, 
Dahlen® concluded that earthquakes could not account for the 
observed amplitude of the wobble; his result was based on the 
calculated pole shifts for the 1960 Chilean and 1964 Alaskan 
earthquakes and a Monte Carlo simulation of seismicity 
averaged over the whole Earth. 

Nevertheless, there is still highly suggestive evidence of a cor- 
relation between global seismicity and changes in the amplitude 
of the wobble over the period of the past 70 yr (refs 9-11). This 
suggests that the cumulative effect of earthquakes may account 
for the long term variations in the amplitude of the wobble, 
even though the effect of any individual earthquake is too small 
to be detected above the noise in the data on polar motion. 
To investigate this possibility we calculated the polar motion 
expected from major earthquakes over the past 70 yr and 
compared it with actual polar motion data over the same period. 
This requires specification of the time, location and source 
parameters of the earthquakes, as well as the calculation of the 
change of the Earth’s inertia tensor caused by an earthquake. 


The synthetic Chandler wobble 


The evaluation of the change in the Earth’s inertia tensor 
involves calculation of the static displacement field resulting 
from an earthquake. Previous workers have solved this problem 
directly®12—44, but some of the numerical results differed by an 
order of magnitude. Here we make use of the representation of 
the static displacement field by a linear superposition of normal 
modes!®; only the normal modes of degree 0 and 2 contribute 
to changes in the moment of inertia. The advantage of this 
approach is that it has been empirically tested; all the modes 
that significantly contribute to the change in the inertia tensor 
have been observed (modes 959, »S_2 and Sg account for more 
than 95% of the effect) and their excitation and eigenfre- 
quencies can be explained by realistic models of the Earth’s 
structure and the seismic source mechanism. In addition, this 
independent calculation resolves the differences among the 
numerical results obtained by other workers. 

The change in the inertia tensor C; caused by an earthquake 
with an equivalent source moment tensor Mx, can be written 


ACi; TE. DijaM r 
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where Dj;,: is a fourth rank tensor whose components depend 
on 6 canonical functions of the model of the Earth evaluated at 
the source depth, and the latitude and longitude of the epi- 
centre. The components of Diju and canonical functions for 
both a uniform Earth model and a realistic Earth model PEM-C 
(ref. 16) are given in Dziewonski and O’Connell?’. The ex- 
pression of the inertia change in terms of the complete moment 
tensor Mp, permits consideration of source mechanisms more 
general than a double couple?®®, 

The changes of the inertia tensor caused by the 1960 Chilean 
and 1964 Alaskan earthquakes calculated using the normal 
mode approach agree well with those calculated by Dahlen’, 
so long as similar Earth models are used. Substantial differences 
can result from using Earth models that differ at the source 
depth, and a uniform Earth model gives noticeably different 
results from a realistic Earth model”, 

To specify the source moment tensor for an earthquake one 
needs to know the orientation of the fault plane and direction 
of the slip vector (for lack of better evidence, at this time, we 
shall use the traditional double couple model) as well as the 
scalar seismic moment. Most large earthquakes occur at plate 
boundaries and the source mechanisms that have been deter- 
mined for several earthquakes are remarkably consistent with 
current plate tectonic models; for example refs 20-23. This 
suggests that one may reliably estimate the source parameters of 
large earthquakes on plate boundaries from knowledge of the 
type of a plate boundary and relative motion between the plates. 

The earthquakes with magnitudes M, > 7.8 used to calculate 
the excitation of the Chandler wobble are taken from -the 
catalogue compiled by Duda, primarily based on the study 
of Gutenberg and Richter*>, and supplemented by information 
from the Bulletin of the Seismological Society of America for 
the years 1965-1970. Since it is the seismic moment M, that 
determines the static displacement, we have used an approxi- 
mate empirical relation to determine the moments from the 
reported magnitudes. Figure 1, after Chinnery and North”, 
shows the relation between M, and Ms for a number of earth- 
quakes for which both have been independently determined. 
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Fig. 1 Relation between seismic moment M, and magnitude 
Msg after Chinnery and North **. The dashed line gives the relation 
used to calculate the pole shifts from earthquakes. 


The solid line is the relation between moment and magnitude 
proposed by Chinnery and North. The dashed line shows the 
relation we have used to determine the moments; it obviously is 
a reasonable approximation to the data for magnitudes greater 
than 7.5. 

The paucity of data for the jaras magnitudes makes it 
difficult to assess the reliability of the relation we use, which 
gives moments of 2x 102° dyne cm for M, = 7.8 to My = 





Table 1 Times and locations of the thirty largest earthquakes contributing to the excitation of the Chandler wobble. The ma 


itude and 


direction of the pole shift as well as the change in length of day from each earthquake is shown. Depths designated s were assigned a standard 
value of 33 km. Earth model ess (ref. 16) was used to calculate the pole shifts* 





Change in 
Depth Shift Dir length of 

No. Year Month Day Lat. Long. (km) Mag (0.01) CE) day (us) 
1 1901 Aug 9 —22.0 170.0 s 8.4 0.60 336.2 —7.02 
2 1902 Sep 23 16.0 —93.0 s ' 8.4 0.49 296.3 —5.83 
3 1905 Apr 4 33.0 76.0 s 8.6 1.62 89.4 —2.60 
4 1906 Jan’ 21 34.0 138.0 340 8.4 0.83 101.4 1.84 
5 1906 Jan 31 1.0 —81.5 s 8.9 1.39 218.0 —160.17 
6 1906 Aug 17 —33.0 —72.0 s 8.6 2.56 108.0 —16.09 
7 1906 Sep 14 —7.0 149.0 s 8.4 0.79 239.0 —0.03 
8 1910 Jun 16 —19.0 169.5 100' ‘8.6 -1.78 340.7 —26.53 
9 1911 Jun 15 -~ 29.0 129.0 160 8.7 4.86 105.7 —17.96 
10 1914 Nov 24 22.0 143.0 110 8.7 3.07 160.6 —43.10 
11 1917 May 1 —29.0 —177.0 60 8.6 2.33 9.0 —18.26 
12 1917 Jun ' 26 —15.5 —173.0 s 8.7 4.33 277.3 —0.69 
13 1919 Apr 30 —19.0 —172.5 s 8.4 0.55 19.6 — 8.13 
14 1922 Nov 11 —28.5 —70.0 s. 8.4 0.72 110.8 —6.15 
15 1923 Feb 3 54.0 161.0 s 8.4 0.71 146.1 2.07 
16 1929 Mar 7 51.0 —170.0 60 8.6 2.10 171.9 6.95 
17 1934 Jan 15 26.5 86.5 s ' 8.4 0.53 95.3 —3.40 
18 1938 Nov 10 55.5 —158.0 s 8.7 3.89 189.1 17.54 
19 1939 Dec "21 0.0 123.0 150 8.6 0.84 106.7 —4.36 
20 1940 May 24 —10.5 —77.0 60 8.4 0.33 73.9 —8.76 
21 1941 Jun 26 12.5 92.5 60 8.7 4.30 178.4 — 13.57 
22 1941 Nov 25 37.5 —18.5 s 8.4 0.53 323.6 —0.27 
23 1942 Aug 24 —15.0 —76.0 60 8.6 1.30 75.6 —22.7) 
24 1946 Dec 20 32.5 134.5 s 8.4 0.77 116.8 —3,20 
25 1950 Aug 15 28.5 96.5 s 8.7 2.86 122.3 — 11.83 
26 1952 Mar 4 42.5 143.0 sS 8.6 2.17 131.2 —5.00 
27 1952 Nov 4 52.8 159.5 s 8.4 0.82 147.2 1.69 
28 1958 Nov 6 44.5 148.5 75 8.7 4.50 130.4 —2.47 
29 1960 May 22 —39.5 —74.5 s 8.6 2.56 109.2 —9.80 
30 1964 Mar 28 61.1 —147.6 20 8.5 1.11 202.7 . 7.92 


*The indicated pole shifts correspond to a change of the position of the principal axıs of the moment of inertia about which the instantaneous 


rotation axis moves in a circular arc with a 14-month period. 
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3.5 10% dyne cm for M, = 8.7. Nevertheless, these values are 
grossly consistent with the data, and are all Jess.than the largest 
moment measured, which was ~ 6x 10% for the 1960 Chilean 
earthquake??. Furthermore, the slope of 2.5 in our equation is 
consistent with the value of 3 proposed by Kanamori and 
Anderson?’ for large earthquakes. i i 
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Fig. 2 Simulated polar motion curves resulting from excitation 

by large earthquakes; the damping for each is determined by 

Qs. ILS is smoothed observed polar motion with annual term’ 

removed®°, Only the componen along the Greenwich meridian is 
f shown. 


The remaining source parameters were determined’ from 
plate tectonic models. Using the data of Solomon et al.” for 
the positions of the boundaries and relative motions of the plates, 
we assign fault plane parameters to earthquakes of three types: 
normal faulting at mid-ocean ridges (dip = 45°, perpendicular 
to the ridge axis), transform faulting on fracture zones 
(dip = 90°) and. thrust faulting at converging plate boundaries 
(dip = 20°, perpendicular to plate boundary in the direction of 
the Benioff zone). Such an assignment was straightforward 
except for large earthquakes in Asia, and those at complex 
plate boundaries, which were omitted. 

The calculated pole shift and direction are given in Table 1 
for the 30 largest earthquakes of those considered. Also shown 
is the change in length of day resulting from the change in the 
polar moment of inertia of the Earth. For all cases the moments 
used were derived from the listed magnitudes by use of the 
relation in Fig. 1. Results for a different magnitude-moment 
relation can be obtained by appropriate scaling of the magnitude 
of the pole shift. í 

Conspicously absent in Table 1 is the great Sanriku earth- 
quake of March 2, 1933. It occurred near the junction of the 
Philippine, Pacific and Eurasian plates and it was difficult to 
assign a particular source mechanism to it. Also, Kanamori” 
has shown that it was not typical of the large shallow earth- 
quakes in the subduction zones; its moment?” is estimated to 
be as low as 4.3 x 1028. ` - 

From the calculated pole shifts for 234 earthquakes with 
magnitudes at least 7.8 between 1901 and 1970 we can compute a 
synthetic polar wobble curve that would result from this source 
of excitation alone. For this we also require the starting position 
m(t,) of the pole in January 1901 and the frequency @, and 
damping, Q of the Chandler;wobble. 
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The synthetic wobble m(f) is computed from 


mÒ = m(t,) explialt— to]+ 
+ >) sıH(t— ro — (: +3) expfia(t— rah 


where is the complex circular frequency of the Chandler 
wobble: œ .= @o(1+i/2Q), sx are the complex pole shifts 
caused by earthquakes at times fx, Q is the frequency of the 
diurnal rotation and H is the unit step function'®, The complex 
function m(f) is referred to the coordinate system in which the 
real axis corresponds to the Greenwich meridian and the 
imaginary axis points towards 90°E. 

Figure 2 shows the real part (m,) of three such synthetic 
wobble curves obtained using ©p = 5.287 radians yr after 
Wilson®° and three different values of Q. Shown for comparison 
is a smoothed version of the ILS polar motion data, with the 
annual term removed, also from Wilson®. The initial pole 
location is the same for all curves, and each curve has been 
bandpass filtered from 0.3 to 0.98 cycles yr to facilitate 
comparison. The ticks on the top of the figure mark the times 
of the earthquakes in Table 1. 

The general trend of the amplitude of the wobble can be seen 
in the ILS data. The observed amplitude was large in 1910, 
decreased fairly uniformly from 1910 to 1920 and remained 
small until 1940 when it began to increase again to reach the 
maximum value by 1954. Since then there has been an irregular 
decline in amplitude. The synthetic wobble time series, par- 
ticularly for Q = 100, reproduce the principal features of these 
amplitude changes. The decrease in the synthetic wobble is 
caused by the cumulative effect of several large earthquakes 
from 1914 to 1929. This occurs even for the case with Q = 
10,000 and it is thus apparent that earthquakes can reduce the 
amplitude of the wobble and a rapid decay of amplitude need 


Q.=10,000 
Q,=113 
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Fig.3 Power spectra (—) of the simulated and: observed (ILS) 
polar motion shown in Fig. 2. Resonance curves were fitted to 
the central peaks to determine Qr (— — — —). 


not be attributed to intrinsic dissipation. Similarly, the increase 
in the synthetic wobble amplitude arises from large earthquakes 
from 1938 through 1950 which gradually re-excite the wobble. 
We should note that the decline in amplitude observed since 
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1954 is not reproduced in the synthetic wobble curves ; this may 
be an effect of other sources of excitation or accumulation of 
the phase shift due to a difference between the actual @, and 
the value of Wilson®®, 

The power spectra of the three synthetic time functions m(t) 
are compared in Fig. 3 with the power spectra of the ILS data. 
Although it is clear that we were not able to reproduce exactly 
the observed spectra, the synthetic curves for Q, = 40 and 
Q; = 100, each having three well developed maxima, exhibit 
a similar order of complexity. Also shown is a least squares fit of 
a resonance curve to the central peak of the synthetic series, 
which yields an estimate Q; that is nearly independent of the 
intrinsic Q, of the model. This illustrates the fact that a damping 
of an episodically excited harmonic oscillator cannot be esti- 
mated from its spectrum, unless specific assumptions about the 
nature of the excitation are made*. It is clear that reliable 
estimates of both the frequency and damping of the wobble 
may depend on the detailed nature of the excitation, especially 
if it is dominated by a relatively few large impulsive events. 
Thus an accurate evaluation of the excitation from earthquakes 
(or other sources) may permit determination of the effective 
elastic and anelastic properties of the earth at the Chandler 
wobble period sufficiently precise for comparison with those 
inferred from seismic observations. 


Discussion 


The fact that synthetic wobble calculations reproduce the 
principal variations of amplitude of the observed Chandler 
wobble substantiates the correlation between global seismicity 
and changes in the amplitude of the wobble noted by Myerson’. 
Since a given earthquake can either increase or decrease the 
amplitude of the wobble, the fact that the cumulative effect of 
several earthquakes is in accord with observations strongly 
suggests that the correlation is indeed real, and that earth- 
quakes make a noticeable contribution to the excitation of the 
wobble. Comparison of amplitudes of the synthetic and observed 
wobble suggests that the earthquake series, with the specific 
moments assigned through our magnitude-moment relationship 
could account for ~ 4 of the excitation; the remainder could 
come from other sources. For example, Wilson®° has stated 
that the atmosphere can account for ~ 4+ of the observed 
wobble, and possibly more. If this is true, then the relative 
contributions to the excitation of the wobble by the atmosphere 
and earthquakes could be of comparable magnitude. 

The magnitude of the seismic excitation exhibited by the 
synthetic wobble curves depends on the moments assigned to the 
individual earthquakes. These are quite uncertain, as can be 
seen by the scatter of points around the lines in Fig. 1. Further- 
more, it must be noted that the moments calculated here for 
some of the earthquakes before 1960 are larger than have been 
previously reported for the same events (see Table 1 in ref. 27). 
The moments of earlier earthquakes may have been under- 
estimated because of the lack of adequate long period instru- 
mentation that would allow measurements of amplitudes of 
surface waves and free oscillations at periods of at least several 
hundred seconds, so that their wavelengths would be signifi- 
cantly greater than the source dimensions. 

While seismic moments are usually estimated from the 
radiation of the seismic waves associated with the main shock, 
excitation of the wobble would be affected by the displacements 
that may take place over a relatively long period of time 
(several weeks) before and after an event. For example, 
Kanamori and Cipar?’ identified an ‘aseismic’ event several 
minutes before the main Chilean shock (1960); the moment of 
this event could be equal to, or perhaps even exceed, that of 
the main shock??. Dziewonski and Gilbert?® reported release of 
isotropic stress preceding two deep earthquakes; the spectra 
indicated the aseismic character of these events. Such ‘silent 
earthquakes’, whether or not they are followed by major 
seismic events, may be more common than previously believed. 
In fact, such a conclusion is suggested by the work of Davies 
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and Brune®*, who compared the cumulative seismic moment 
release with the average plate tectonic displacement rates at 
converging plate boundaries. Although they found a good 
correspondence between cumulative moment release and plate- 
tectonic slip rates, this only held for shallow earthquakes with 
an assumed depth of faulting < 60 km. They noted that 
differential motion at greater depths seems to be accomplished 
by aseismic deformation. Such deformation may well be asso- 
ciated with large earthquakes and would increase the total 
shift of the pole over that calculated from the observed ampli- 
tudes of seismic waves. In fact the static moments associated 
with great earthquakes, or aseismic events, are sufficiently 
uncertain that one cannot rule out the possibility that these 
account for most of the excitation of the wobble. 

This conclusion is not in agreement with that earlier reached 
by Dahlen®. At that time no earthquake had been assigned a 
moment greater than 10°° dyne cm; which led him to restrict 
the maximum allowed moment to that value. Subsequent 
redeterminations of the seismic moment of the great Chilean 
earthquake**-*? relaxes this restriction and makes plausible the 
implications of the moment—magnitude relationship used in 
this report. This, in turn, leads to the calculated excitation 
comparable to that observed. We note, however, that the 70-yr 
average of the polar shifts from earthquakes listed in Table 1 is 
only 0.008” yr-; approximately equal to that computed by 
Dahlen’ for the 1964 Alaskan earthquake. 

The results of this study indicate that the cumulative effects 
of major earthquakes can account for at least a large part of 
the excitation of the Chandler wobble, and in particular for the 
long term variations of the amplitude of the wobble. This, 
together with recent estimates of the atmospheric excitation of 
the wobble”, indicates that these two mechanisms may well 
account for the entire excitation. If this is verified by more 
detailed analysis, it should permit more accurate determination 
of the period and damping of the wobble, and of the effective 
elastic properties of the Earth at very long periods. 
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Because of the motion of the Sun through the surrounding 
interstellar medium, interstellar dust particles may penetrate 
deep into the Solar System. In this paper, we investigate the 
conditions for this penetration and find that the distribution 
of such particles should peak along the line of gravitational 
focusing. Two possible consequences are compared with 
experimental results: the rate at which particles should 
strike a micrometeoroid detector and the distribution of 
scattered solar light. We find that the number density of 
particles penetrating the solar system, derived from this 
comparison, is much smaller than predicted by a crude 
model of interstellar matter. 





Tue velocity of the Solar System relative to local interstellar 
matter has recently been determined by observation on the 
interplanetary emissions of hydrogen at 1,216 (refs 
1 and 2) and of helium,at 584 A (ref. 3). These show 
that the Solar’ System is moving through the interstellar gas 
with a velocity of ~20kms~ in the direction? a = 252°, 
8 = —15° (equatorial coordinates), different from the. apex 
direction by ~ 50°, lying in the galactic plane and near (7 +3°) 
the ecliptic plane (Fig. 1). r i 

The measured density of H (0.1 atoms cm~‘) and He (0.01 
atoms cm~°) and the high temperature of H found by Bertaux 
et alt with the Soviet probe Mars-7 ((6-13) x 10° K) indicate 
that the Solar System is not now moving through an inter- 
stellar cloud, but through the so-called intercloud medium, 
These results indicate that the lack of hydrogen found around 
the Gum Nebula by the Copernicus measurements® does not 
hold for the immediate vicinity of the Solar System. 

Matter penetrating into the heliosphere is subjected to two 
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Fig. 1 The trajectories of interstellar dust particles are focused 

ın the Solar System along a line opposite to Vy, the velocity vector 

of the Solar System respective to the interstellar matter As Vy 

is near the ecliptic plane (7+3°), the Earth intersects ıt around 

December 1, a time of an increased density interstellar dust, 

which, presumably, has been detected by the MTS micrometeor- 
ords instrument. 
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Fig. 2 The enhancement factor of dust particle density in the 

Solar System caused by gravitational focusing, is computed at 

1 AU as a‘function of angle @ with Vy, for two values of p (the 

ratio of radiation pressure to gravitation) p = O (upper curve) 
and p = 0.5 (lower curve). 


opposing inverse square forces, gravity and radiation pressure. 
The latter dominates for hydrogen atoms, which are deviated 
by and ‘from the Sun along divergent hyperbolae, and the 
former dominates for all heavier atoms including helium atoms: 
gravitational focusing creates a zone of increased density in the 
downwind region of the Solar System, along the line —Vw 
(Fig. 1). Both depletion of hydrogen and enhancement of 
helium have been observed in the Sun’s wake. 

Since interstellar matter contains dust as well as gas, gravita- 
tional focusing will cause an increase in the number density of 
dust grains along the direction — Vw (a = 72°,8 = +15°). Such 
an increase should be detectable when the Earth’s orbit takes 
it across this region of space, that is, from November to January. 


Distribution of dust grains 

We have used a computer program, which we had developed 
originally to determine the density distribution of interstellar 
hydrogen and helium in the interplanetary medium, to compute 
the density distribution of dust grains in the Solar System as a 
function of the distance to the Sun and the angle 6, measured 
from the direction Vw» of the incident beam (Fig. 2, inset). In 
this coordinate system, gravitational focusing occurs for 9 
~ 180°. Figure 2 shows the density enhancement factor, E, 
at 1 AU as a function of 9 from 150° to 180°. This factor is 
defined as the position-dependent number density of particles 
when solar forces are taken into account, relative to the density 
of particles in the nearby interstellar medium. The upper curve 
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Table 1 Parameters of the grains of interstellar dust used in this paper 





Graphite covered with ice 


Relative number 1 
Radius (um) 0.5 
Density of particles (g cm~?) 2 

Mass of particle (g) 1.04 x 10714 
Mass distribution (g cm~?) 1.6x 10-7 
Mass distribution (°%) 92 
Number density of particles (cm~?) 1.5 x 107% 
p=radiation pressure/gravity >1 





Graphite , Silicate 
10? 108 
0.02 0.02 
2 7 2.5 
6.7x 10-17 8.4x 102" 
1072 1.3 x10728 
0.6 7 
1.5 x 10713 1.5 x 10712 
>1 <1 





applies for negligible radiation pressure, the lower for a radia- 
tion pressure equal to half the gravitational force. These 
curves were calculated for dust grains with an isotropic velocity 
dispersion of 0.1kms— added to their bulk velocity of 
20kms™; a dispersion of 1kms~ gives almost the same 
result. : 


Our model of the interstellar dust 

To evaluate quantitatively the possible effects of such a density 
enhancement, we adopted a crude model of the interstellar 
dust. The mass ratio of dust to gas was taken as 10-? and the 
dust was supposed to contain three types of particles: 1 graphite 
particle covered with ice (radius 0.5 um) to 10? graphite particles 
(radius 0.02 um) to 10° silicate particles (radius 0.02 pm). The 
resulting mass and number distribution of these particles in 
the interstellar medium in the vicinity of the Sun are shown in 
Table 1. Since the hydrogen number density is 0.1 atoms cm~?, 
or 1.7x10~-* gcm™, the total dust density is ~1.7 x 10-72 g 
cm™? on our model. 

The ratio of radiation pressure to gravity—the last figure in 
Table 1—depends on the size and type of particle and is a 
crucial parameter in our study. For the first two types of 
particles, this ratio is greater than one®; they do not penetrate 
deeply inside the Solar System and are not subjected to 
gravitational focusing. For non-metallic and non-absorbing 
material, like silicate particles, this ratio is, however, less than 
one. This is also true for quartz and obsidian particles’. 
Radiation pressure acts as ʻa differentiation process for inter- 
stellar matter penetrating the Solar System. Only particles with 
p<1 will be focused along the downwind axis. 


Consequences: (1) micrometeoroids 

We invoke this enhancement to explain the observations 
reported by Alvarez® using two micrometeoroid detectors of 
the MOS capacitor type in terrestrial orbit on board the MTS 
satellite. The number of impacts as a function of time is shown 
in Fig. 3. The count rate (slope of the curve) presents a sharp 
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Fig. 3 The cumulative count for impacts detected by the MTS 

micrometeoroid instrument plotted as a function of time after 

the second instrument turn-on, which occured 2 yr. after 

launch. An initial penetration rate of 43 x 10—4 m~? s~! (slope 
of lower line) becomes 2.0 x 10-3 m=? s~, 





Zodical light (S; 9) 





Fig. 4 1D2-A observations of zodiacal light ın the direction of 
North ecliptic pole (ower graph) show a bump in November 
and December, compared with the dashed line showing the 
expected value. According to the model computation shown in 
the upper graph, this bump might be produced by the penetration 
of interstellar dust into the Solar System, concentrated along the 
Ime of gravitational focusing, characterised by nao = 
2X 10-23 cm, 


increase (by a factor of 5) around the beginning of November 
which corresponds to an ecliptic longitude A = 43° for the 
Earth (Fig. 1). The increase persists up to at least à = 93°—just 
what is expected from the location of the line — Vw (Fig. 1). 

From the maximum count rate Pmax = 2X 10-3? m= s=, 
and our simple model of gravitational focusing, we may infer 
the fraction of dust in the near interstellar medium for which 
p<\1. Particles with a velocity Vw of 20 km s~— at infinity have 
a velocity at 1 AU V, ~ 46kms-— (from conservation of 
energy). For this velocity one of the two MTS detectors is 
sensitive to particles with mass m>3x 1077 g, whereas the 
other is sensitive to m>3x 10-16 g. The second detector also 
showed an enhancement at the same time, but somewhat less 
pronounced. Thus we estimate that the enhancement detected 
by the MTS instruments comes mainly from particles of 
interstellar origin with a mass m~2x 10~"* g; this corresponds 
to a particle radius of ~ 0.03 um. If ma is the number of particles 
in the incident beam (per cm?) the flux, F, at 1 AU in the region 
of enhancement is 


F = na EV, 
since E = 10, V, = 46kms, F = 2x 1077 cm7? s— we find 
na& 4,3 x 10-1 cm~? 


and a dust density of ~ 107% g cm~? 
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Possible explanations 

These numbers are very much lower than our crude model 
predicts, even if only silicate particles are considered. To explain 
this discrepancy, it may be that: 

(1) MTS detectors are sensitive to only a small fraction of 
the interstellar dust particles which penetrate the Solar System; 
(2) radiation pressure (or some other process) eliminates most 
of the particles that could have been detected by MTS; or 

(3) the interstellar dust-gas ratio around the Sun is smaller 
than the galactic mean, which could be connected to the 
embedding of the Solar System in the ‘intercloud’ type of 
interstellar matter. : 


Consequences: (2) zodiacal light 

We have also tried to compute the contribution to zodiacal 
light of solar light scattered by the interstellar particles inside 
the Solar System. Only spherical silicate particles were consid- 
ered, on which the effect of radiation pressure was assumed to 
be negligible. For any point in the Solar System (r,6) the 
emissivity € (r,0) is 


e(r,0) = ngE(r,0) o fy (1) 


where o is the scattering cross section and F, the solar flux at 
ro = 1 AU. If the scattering is assumed to be isotropic, the 
intensity is 


[= zhoa (2) 


4n 


If, therefore, all particles have the same ©, the zodiacal intensity 
caused by interstellar dust is proportional to naO. 

The intensity at 1 AU was computed in the direction of North 
and South ecliptic poles, as a function of Earth’s position (or 
time of the year). It is shown in Fig. 4, together with observa- 
tions® of zodiacal light collected by a photometer in the French 
satellite D2-A in the direction of North ecliptic pole during 
the year 1971-72. The solar flux in equation (1) was taken 
as Fs =6.2x10'% photons cm-?s-1A-, at the effective 
wavelength of the D2-A photometer (6,563 A). The intensity 
is measured in S,) units (equivalent brightness of one tenth 
magnitude star per square degree; 1 Sio = 360 photons cm~? 
s7?A—sr-), 

The dashed line traced through the D2-A points represents the 
expected variation of zodiacal light, since the Earth’s orbital 
plane does not coincide exactly with the symmetry plane of the 
zodiacal cloud®. The data points in November and December 
are ~ 15 Sio above this line. This ‘bump’ agrees with the 
maximum computed for light scattered by interstellar material. 
For the model computation, the value of ma was adjusted to 
2x 10-23 cm™, which also gives for the bumps computed for 
the North pole, a value of 15 So. The observations of zodiacal 
light in this direction therefore provide information about 
the product nao. If the bump in the measurements is genuine, 
we have nao ~ 2x10-%3 cm™. If the bump is accidental, 
this value for na becomes an upper limit. 

Since the line of gravitational focusing lies ~ 7°S of the 
ecliptic plane, a stronger effect is expected in the direction of 
the South ecliptic pole, with an increase of ~ 50 Si, at the 
time of maximum (Fig. 4). Unfortunately, South ecliptic pole 
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Fig. 5 Isophotes of the ‘trail of light’ (which would be superim- 

posed on the zodiacal light pattern, when observed from Earth 

on December 1, south of the anti-solar direction) produced 

by the gravitational focusing of interstellar dust particles 

characterised by mg = 2X10-?3 cm~. Intensity levels are in 
units of Sj.) (see text). 


observations are hampered by the presence of the Magellanic 
clouds. For an observatory attached to the Earth, the strongest 
intensity of light by interstellar dust should be observed not 
far from the line of gravitational focusing. This would happen 
around December 1, when the Earth is at an ecliptic longitude 
y = 72°, in the general anti-solar direction. For these con- 
ditions, the distribution of intensity scattered by interstellar 
material was computed with the use of equations (1) and (2) 
taking n40 = 2 x 10-78. cm™. 

The maximum intensity appears at the ecliptic longitude of 
y = 72°, slightly south of the ecliptic latitude B = —7° 
(which is the direction of gravitational focusing) because of 
the effect of perspective. As the longitude scale of Fig. 5 is 
five times larger than the latitude scale, the ‘true’ shape of such 
a conspicuous feature would be much narrower, like a pencil 
of light. 

The maximum brightness of this feature, which would be 
superimposed on the usual zodiacal light pattern, is ~ 200 
Sio, to be compared with a mean gegenschein brightness of 180 
Sio. Unfortunately, gegenschein observations close to December 
1 are scarce, because of a strong galactic background in the 
anti-solar direction at this time. From a long series of gegen- 
schein observations obtained at Tenerife, however, Dumont 
(personal communication) estimated that if such a feature 
were brighter than 50 S,o, it would have been observed. There- 
fore, one can derive another upper limit for mao, 5x 10~%4 
cm, which is more stringent than the one derived from the 
D2-A observations, and will serve as a basis for discussion 
in the following (if the November-December bump of D2-A 
observations was revealed to be connected with interstellar 
dust, one would have to explain this discrepancy with gegen- 
schein observations). 


a a 


Table 2 Parameters for the scattering of zodiacal light 





Scattering cross 
section p (em~?) 





Optical upper limit 


Particle mass (g) on Aa nam (g cm~?) 
5.6 x 10717 1.2x10 6.7 x 10776 
4.5 x 10776 1.9x 1071 8.5 x 10-2” 
1.5 x 10745 1.6 x 1077? 2.4 x10777 
3.6 x 10745 2.8 x 10713 1.0 x 1072? 
7x 107 8.1 x 10-4 5.7 x 10738 
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Discussion 

As the scattering cross section © is a strong function of the 
radius of particle a, the upper limit on m6 gives an upper limit 
on nawhich is a function of a, or x = 2na/d (Table 2). The optical 
characteristics of spherical silicate particles are taken from 
Wickramasinghe”: n ='1.55,k = 0, ath = 6,560A. 

Even with a particle radius approaching 0.1 um (last line 
of Table 2), the optical upper limit on na, 8.1x 10-4 cm~, 
is still ~ 20 times larger than that derived from the micro- 
meteoroid rate as measured by MTS detectors. Optical obser- 
vations do not therefore contradict, up to now, MTS obser- 
vations. 

Table 2 indicates that the penetration into the Solar System 
of interstellar silicate particles with an assumed number 
density of 1.5 x 10-1? cm~? (as in our crude model ) would have 
been observed’ optically only if these particles had a radius 
larger than 0.05 um (which goes against our assumptions). 
This crude model is therefore consistent with the absense of a 
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conspicuous ‘trail of light? along the line of gravitational 
focusing. The best way to detect interstellar dust particles 
in the Solar System would probably be to launch a space 
probe equipped with micrometeoroid detectors on a trajectory 


-intersecting the line of gravitational focusing. 


We are indebted to Dr Alvarez for early communication 
of his results and to Dr Dumont, for discussions of his ob- 
servations of zodiacal light. 
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Neutron diffraction measurements on isolated retinal rod 
outer segments show that most of the visual pigment 
protein, rhodopsin, is embedded in the hydrophobic core 
of the disk membrane. A very slight outward shift of 
protein at the cytoplasmic side of the membrane is 
associated with pigment bleaching. 





STRUCTURAL , analysis of retinal rod outer segment (ROS) 
membranes by X-ray diffraction has indicated that rhodopsin, 
which constitutes almost all the membrane protein, is 
partially or wholly immersed in the hydrophobic layer of 
the membrane, but details of its distribution are not un- 
equivocally determined*’. Differences in lamellar diffraction 
intensities between dark-adapted and bleached membranes*® 
are interpreted as due to a small increase in electron density 
near the cytoplasmic (interdisk) side of the membrane. 
Movement of rhodopsin into the membrane on bleaching 
was deduced from measurements of diffraction in the plane 
of the membrane, but these measurements have been 
questioned’. Information from X-ray diffraction studies is 
limited by the imperfect stacking of the membranes, the 
low contrasts of electron densities among the components 
of the lipid—protein—water structure, and by the difficulty 
of placing electron density profiles on an absolute scale. 
Consequently, features in the electron density profile and 
changes on bleaching cannot be attributed with certainty 
to particular membrane components. 

With the development of the high flux neutron beam 
facilities of the Institut Laue-Langevin, Grenoble, and the 
low angle scattering instrument D-11 (ref. 9), it has become 
possible to record neutron diffraction from small samples in 
times comparable with those of X-ray diffraction. A major 
advantage of neutron scattering studies is that the neutron 


scattering densities of biological membrane components 
are between those of H:O and D.O. Therefore, the range 
of contrast between the cytoplasm and the membrane can 
be varied from positive to negative by varying the H.O/ 
D:O content of the Ringer’s solution. The linear relationship 
between structure factors and D:O percentage establishes 
the variation of phase of each order with contrast, using 
diffraction intensities from a single sample in at least three 
different H:O0/D.0 mixtures™™™, Furthermore, contrast 
variation data together with the existence of a clearly defined 
water layer provide an absolute scale of neutron scattering 
density. Using these neutron diffraction methods”, we have 
obtained new, quantitative information on the distribution 
of proteins, lipids and water in the ROS disk membrane, and 
on structural changes associated with bleaching of the visual 
pigment. 


Lamellar organisation 
in dark-adapted ROS membranes 
Seven orders of lamellar neutron diffraction were measured 
in H:O and 20%, 40% and 100% D:O Ringer solutions 
from isolated frog rods prepared and oriented using a mag- 
netic field, as described previously’. Figure 1 shows contour 
maps of neutron diffraction patterns: a D.O pattern showing 
four lamellar diffraction orders (a); and an H:O pattern 
with seven lamellar diffraction orders and diffuse scatter 
at right angles to the lamellar diffraction visible (b). Orders 
1—4 are very intense in H:O, 40% and 100% D.O and 
are about 10 times larger than the higher orders. In 20% 
D:O, which has a scattering density close to the average 
scattering density of the membrane, the pattern is very weak 
and orders 6 and 7 are prominent. 

For phase assignment, the large range of contrast available 
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Fig. 1 Neutron diffraction patterns from freshly isolated frog ROS oriented using a magnetic field of 17 kgauss are shown ın these contour 
maps of data obtained with the two-dimensional (64 x 64 cm) detector of the low angle scattering instrument D-1] at the Institut Laue- 
Langevin’. The contour lines connect points of equal diffraction intensity, and the numbers beside the maps refer to the number of counts 
in successive contour levels. The distribution of neutron wavelengths was triangular, with AA! (FWHM)=8% Rods from 10-12 retinae 
were suspended in Ringer’s solution, in a standard quartz spectrophotometer cell of 2 mm path length, and allowed to sediment in a hori- 
zontal magnetic field, forming an oriented pellet 1 mm thick. The long axes of the rods aligned along the field direction, and therefore the 


disk membranes were perpendicular to the field. The lamellar spacing was 295 
_ Four orders of lamellar diffraction are visible on each side of the central beam stop. The 


in D,O Ringer with a neutron wavelength of 9 


, and the unit cell 1s centrosymmetric, a, Diffraction pattern 


counting time was 10 min. The mosaic spread ıs less than 10° (FWHM). b, Diffraction pattern in H,O Ringer, with a neutron wavelength 
of 4.4.4 Lamellar orders up to 7 and broad in-plane diffraction are visible. Order 1, is partly masked by the beam stop. The counting time 
was 1 h. Shading has been added to the region bounded by the lowest intensity contours to make order 7 and in-plane diffraction clearer. 


enabled simple deductions: (1) in D,O, every component 
of the membrane appears with negative contrast and orders 
1—4 are prominent. Of all the possible phase factor combina- 
tions for those four orders, only one (— +++) gave a 
reasonable position in the unit cell, consistent with X-ray 
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and electron microscopy results, for a negatively contrasting 
membrane. (2) In 20% D:0, the relative neutron scattering 
densities of protein, phospholipid headgroups, hydrocarbon 
chains and Ringer’s solution are close to their relative 
electron densities Therefore, the diffraction intensities and 
the phases should be the same for neutron scattering in 20% 
D,O and X-ray scattering. In fact, the neutron diffraction 
pattern in 20% D:O is very similar to the X-ray pattern. 
We conclude that the phases are also the same. The X-ray 
phases have been determined by osmotic swelling’*. These 
phases for the neutron pattern in 20% DO and the linearity 
of structure factor with D:O percentage (Fig 2) give the 
phase of each order at all contrasts The above two proce- 
dures gave consistent phase assignments for all orders except 
the very weak fifth order. An experiment with osmotic 
shrinking in D:O indicated the presence of a zero in the 


Fig. 2 Contrast variation. Structure factors 1-7 are plotted against 
the D,O percentage of the Ringer’s solution to establish phase 
changes between H,O and D,O. The data for orders 1-4 (@,1; 
O,2; A,3; V,4) were measured with the same sample, to keep 
a fixed intensity scale. To change the contrast at the end of a 
measurement, a known amount of the supernatant solution was 
removed from the sample cell without losing or bleaching any 
rods, and replaced by a different solution. The rods were then 
resuspended in the new mixture, reoriented in the magnetic field 
and allowed to resediment. This process was completed in a few 
minutes. Orders 5-7 (0,5; W,6; ©.7) were scaled from longer 
measurements on other samples by normalising to order 3. In- 
tensities (/;,,) were obtained by integrating the lamellar diffraction 
peaks over their arcs of mosaic spread, and multiplying by a 
Lorentz factor of A, giving structure factors F,=~/(AI,) To obtain 
the intensities of the higher orders, the peak shapes along the 
lamellar axis were approximated by Gaussians of half-width 
calculated from the beam size, wavelength broadening and 
natural widths due to the lattice disorder (natural widths ob- 
tained from X-ray data). In 20% D,O, both the intensity, which 
was very weak, and the phase of order 5, were uncertain 
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Fig. 3 a—d, Neutron scattering density profiles of ROS computed 
with seven orders of diffraction, in 100% D.O, 40% D,O, 20% 
D,0 and H,O Ringer’s solutions. Structure factors used are 
those shown in Fig. 2. — —-- - , Alternative phasing of order 5 
Order 5 is taken as zero in the 20% D,O profile (c), with upper 
and lower limiting profiles shown. Absolute density scaling: 
The structure factors were scaled as described in Fig. 2. Relative 
positions of the profiles were established by making the H,O 
and 40% D,O profiles coincide at the centre of the membrane, 
assuming no water penetration at that point. Up to 10% water 
penetration at the centre of the membrane changes the scale 
negligibly. The H,O and 40% D,O water levels were then used to 
define the absolute density scale. The other profiles were then 
set on this scale without further adjustment. The assumption 
of a carbohydrate content ın the cytoplasm of 20g 100 mi~: 
(ref. 15) shifts the scale shghtly. Protein and lipid headgroups have 
neutron scattermg densities about equal to that of 40% D,O, 
whereas lipid hydrocarbon chain scattering density is close to 
that of H:O, increasing slightly with unsaturation. In 40% D,O, 
the only component of the membrane contrasting with the Ringer’s 
solution 1s the paraffin chain region. The small width observed 
(27.5 A FWHM) of the density profile at this contrast confirms 
the presence of a lipid bilayer. This width is 60 A in H,O, and 
32 A in DO. e, Model density profile derived from egg lecithin 
bilayer neutron scattering data in H,O (ref. 14), calculated for the 
same resolution and unit cell as the ROS data. The main difference 
between profiles d and e reflects the presence of rhodopsin in 
d, indicating that a considerable fraction of the protein must 
be inside the bilayer. f, Electron density profile of ROS (ref. 7), 
computed with ten orders, showing the polar headgroup positions. 
Computed with seven orders, it 1s identical to c. Density scales 
for e and fare arbitrary. 


Fourier transform between orders 1 and 2, and tended to 
favour a positive sign for order 5 in DeO. The phasing of 
orders 1—4 also agrees with that determined by Yeager in 
neutron diffraction experiments on intact retina”. 
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Neutron scattering density profiles of ROS computed with 
7 orders are shown in Fig 3, on an absolute density scale. 
The profile in H:O (d) is markedly different from the neutron 
scattering density profile of phospholipid bilayers (e) and 
myelin” at the same resolution, in that it shows a fairly flat 
distribution of scattering density across the membrane 
instead of a pronounced dip at the centre. In the ROS, the 
scattering density at the centre of the membrane is matched 
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Fig. 4 The broad in-plane diffraction is shown by this azimuthal 

scan of the diffraction intensity at a reciprocal spacing at about 

(50 Å) — from ROS in H,O Ringer’s solution The origin-of the 
angular scan 1s in the lamellar direction. 


by the fluid medium when the Ringer’s solution contains 
15% D:Ọ. This means that the non-exchangeable material 
in the hydrophobic region has the scattering density of 15% 
D-O, or 18% D:0 if one allows for 20 g carbohydrate per 
100 ml cytoplasm™, independent of the amount of water 
penetration or proton exchange. Taking the average ROS 
fatty acid chain composition for frog ROS of 18:2 (calcu- 
lated from ref 16), we find that about one-third of the 
volume in the hydrophobic region consists of protein. This 
could account for all of the protein. The water penetration 
in the membrane, assuming none at the centre, is given by 
the difference between the D.O and H:O profiles, From the 
variation in scattering density ın the polar headgroup region 
(located by the electron density profile) we find that this 
region is about one-half water by volume. 


Equatorial diffraction 


Diffraction in the direction perpendicular to the lamellar 
diffraction arises from interference between neighbouring 
rhodopsin molecules in the plane of the membrane. Diffuse 
equatorial diffraction centred near (50 A) has been ob- 
served in X-ray diffraction studies’’*’”. We measured in-plane 
diffraction in H:O (Figs 1b and 4) It was much less clear 
in D:O because of the very intense lamellar diffraction, and 
we could only estimate an upper limit for its intensity, 
which was about equal to the H:O in-plane intensity. On an 
absolute scale, the equatorial intensity in 40% D.O is within 
a factor of two of that in H:O. These observations show that 
the in-plane intensity is insensitive to the scattering density 
of the fluid medium. Consequently it must primarily arise 
from protein—hydrocarbon chain contrast within the mem- 
brane. Allowing for uncertainties in these intensity measure- 
ments, we estimate that less than one-third of the protein 
volume is contrasting with the aqueous medium. The limit 
is mainly set by the measurement in 40% D.O, where the 
protein-cytoplasm contrast is very small. 


Structural changes on bleaching 

To investigate structural changes associated with total 
bleaching of rhodopsin, we recorded continuous sequences 
of spectra within a few minutes from dark-adapted samples 
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Fig. 5 Intensity changes on bleaching for the first 4 orders of 
diffraction in 100% D,O. Orders: a, 1; b, 2; c, 3; d, 4. The 
sequence of 50-s measurements was carried out on the same 
sample, which was exposed to light after the third measurement. 
Intensity changes amounted to 10% in order 1,15%in2,7%1n3, 
and 10% in 4. Changes of comparable magnitude were observed 
in H,O Ringer’s solution, but the changes were much smaller in 

40% D.O Ringer’s solution. ; 


which were bleached in the middle of the sequences.. In 
H:O and D,O, small but significant intensity changes were 
observed in the first 4 orders. In the weaker orders 5-7 
the changes were too small to be measured in a short time. 
Bleaching had very little effect on the pattern in 40% D:0. 
The bleaching sequence in D:O Ringer’s solution is shown 
in Fig. 5. f ; 

Since orders 1—4 are very intense at the above three con- 
trasts, the small intensity changes observed on bleaching 
are most unlikely to be accompanied by phase changes. This 
is not the case with X rays, where order 2 is close to zero 
before bleaching and increases after bleaching, so that the 
difference profile is not uniquely defined. Neutron scattering 
density profiles in H:O and D.O and their. changes on 
bleaching are shown in Fig. 6. 

Although the differences between the profiles are smaller 
than the Fourier cutoff ripples, the differences are signifi- 
cant because they come from significant changes in the 
structure factors (Fig. 5). The observed effects: are not 
accounted for by changes in d spacing, since X-ray diffrac- 
tion experiments have shown that such changes in isolated 
rods are small and transient, with no net change in the time 
scale of our experiments (Fig 2 of ref. 17). Furthermore, 
the minimal changes in 40% DO rule out a shift of the lipid 
bilayer within the unit cell. Protein, however, has the same 
scattering density as 40% D.O and the observed changes on 
bleaching are consistent with an outward shift of protein at 
the cytoplasmic side of the membrane. Quantitatively, the 
observed change in the -profile can be accounted for by a 
shift-of the centre of gravity of the protein by about 1 A. 


Conclusions 


Our essential finding is that the shape of the ROS neutron 
scattering density profile in H:O is not dominated by the 
bilayer arrangement of the lipids, as for the X-ray profile, 
and the contribution of protein to the structure is clearly 
seen. From the density profiles we calculate that a lower, 
limit of 20% of the volume of the hydrophobic region con- 
sists‘of protein, allowing for uncertainty in the scattering 
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density lével at the centre of the membrane due to Fourier 
cutoff effects and the possible presence .of carbohydrate in 
the cytoplasm. This accounts for 50% of the total rhodopsin. 
Our upper limit locates all the rhodopsin in the hydrophobic 
region, which would then contain 35% protein by volume. 
The profiles also indicate a slight asymmetry in the mem- 
brane, with protein probably extending into the cytoplasmic 
space, but not into the intradisk space. 

Since contrast variation was done without adding mole- 
cules which could be excluded from regions of hydrated 
protein, like sucrose, but merely by isotopic exchange of 
water, dry protein mass was observed. The part of the 
protein which extends outside the hydrocarbon chain region 
could be highly hydrated. There is definitely a large water 
penetration in the lipid headgroup region. 

Insensitivity of equatorial diffraction to the scattering 
density of the Ringer’s solution confirms that most of the 
protein is inside the membrane. These results on ROS 
membrane structure show that the electron density profile 
obtained from X-ray diffraction’~’ should be interpreted as 
the electron density variation of the lipid bilayer, super- 
imposed on a fairly uniform protein contribution 

The changes observed on bleaching of rhodopsin in our 
experiments agree with the X-ray results’*:’. Furthermore, 
the contrast variation results identify the observed change 
as an outward shift of protein at the cytoplasmic side of the 
membrane. It cannot be decided whether this is due to a 
very small shift of the entire protein molecule or to a larger 
displacement of a small part of the protein. It seems that 
the only other evidence for a structural change in the intact 
membrane comes from small birefringence changes on 
bleaching", and, more specifically, for the protein in the 
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Fig. 6 Scattering density profiles of ROS disks before (——) 
and after (-——-—) bleaching, and their difference profiles (x5), 
(bleached — unbleached). Changes in orders 1—4 have been includ- 
ed in this computation. Changes in orders 5-7 are smaller and are 
not included in the difference profiles. The H,O and D,O data 
are on different density scales. a, In D,O Ruinger’s solution. 
b, in H,O Ringer’s: solution; c, H,O difference profile (x5); 
d, D,O difference profile (x5). The increase in density at the 
intradisk side in the D,O profile may be accounted for by a shift 
of D,O into that region, resulting from increased hydrogen- 
_ deuterium exchange on bleached rhodopsin?4. 
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membrane, from the observation of changes in the hydro- 
gen exchange kinetics on bleaching”. 
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letters to nature 





On being close to a black 
hole without falling in 


I sow here that for any £>0 it is possible for a magnetic field 
to hold plasma in equilibrium at a radius r) = r,(1+¢) relative 
to a Schwarzschild black hole of (radius r,) and that this equilib- 
rium need not be subject to the kind of relativistic instability 
that destroys circular orbits of radius r < 3rg. (Putting c = G = 
1, rg = 2M is the radius of the event horizon of a hole of mass 
M.) Astrophysical plausibility does not stop e from being much 
smaller than unity. 

Normal indices refer to Schwarzschild coordinates, whereas 
barred indices refer to the corresponding orthonormal tetrad 
and label physical quantities which can be measured by 
observers at rest relative to the hole. Suppose there is a thin disk 
of matter at rest in the @ = 1/2 plane with current density Jz 
and energy density p as measured by an observer at rest in the 
disk. The current is to interact with a magnetic field Br to 
produce a Lorentz force balancing gravity. I shall assume that 
both the matter and the field have negligible gravitational 
effect, so that the Schwarzschild metric is valid. Then 


Te = (opm r—24 1 -2e 


Here p is the gas pressure. I shall assume that the plasma is not 
highly relativistic, so that p<p and T” 5 = pM/r?. Taking 
the radial component of the equation of motion T 5, = FJ 
and integrating with rd, I obtain 


OM/r* = F" h = (1—(2M/r))!F 9 lg 
= U—@MIr))(— Bays (1) 


where © and Jg are the energy and current surface densities. 
Suppose for simplicity that the magnetic field is mainly 
generated far from the hole so that near the hole it 
seems to be uniform. Suppose this ‘uniform’ field has mag- 
nitude Bo and points in the 0 = 0 direction at infinity. Then 
Bs = —(1—(2M1r)!?Bo on 0 = 2/2 (ref. 1). The field gen- 
erated by the local current is of the order (1 —( 2M/r))/2Fzexcept 
where I(r) varies rapidly, for example at the edge of a current 
disk?. For consistency it should be assumed that I(r)<B and 
varies smoothly. This is not an important restriction as boundary 
conditions at the event horizon require By~ Ba(1—(2M/r))¥2 
close to the event horizon, Bo being a constant*, and the only 
place one might expect I; to be discontinuous is at the inner 
edge of the disk, where the effect would be to make Bs more 


negative, and thus to oppose gravity. Substituting the assumed 
form for By into equation (1) 


(C/M = (r?—2Mr)Bo (2) 


Let o/s = Q(m,/ce), where mp and e are the mass and 
charge of a proton. mp/ce is the dimensionless number 
8.99 x 10-° when c =G=1. Clearly o>1. If the electrons 
and protons are streaming relative to each other with a rela- 
tivistic velocity, their kinetic energy contributes to o, and if 
two-stream instability is to be avoided the plasma must be 
relativistically hot, which also increases o. The relativistic 
current would cause a significant mechanical stress T°, which 
because of the curvature of the coordinate system would 
contribute to the radial balance equation as a force opposing 
gravity; this is just the centrifugal force from the circular 
motion of the particles. I shall assume that the current is non- 
relativistic (so that T% is not significant near the event horizon) 
and take a2 10. Fixing a at its lower limit in equation (2) and 
solving for r, I obtain ro, the smallest radius at which matter 
can be stationary, given Bo and M 


rors = (1+(1+4e)")/2, 
e= 5.30(Boo/1 gauss) -“(M/Mo) El (3) 


If e<l, ro/rsx1+e. If the field is a significant gravitational 
source Bo210'(M/Mo)— gauss. Hence Bo can be large 
enough for e<1 without being so large that the Schwarzschild 
metric is invalid. 

This result does not contradict Gibbons’ limit on how near 
to a black hole a rope can be lowered. Gibbons’ rope has 
constant energy density per unit length. By the weak energy 
condition this gives an upper limit on the tension the rope can 
take without breaking. Tension is greatest at the top end of the 
rope, but gravity exerts its greatest force on the energy present 
at the bottom of the rope. The rope breaks at the top. This can 
be avoided by strengthening the rope at the top and lightening 
it at the bottom, for example by lowering a tapered rope. This is 
effectively happening here. The magnetic field can be regarded as 
a medium with pressures and stresses. The energy in a spherical 
shell of radius r and unit thickness ~r?B..%. There is only a 
small amount of energy near the hole requiring support, and a 
lot of energy to take the strain far away from the hole. Hence 
equilibrium is possible. 

It only remains to consider stability. Distant field sources can 
be expected to vary on time scales much longer than the free-fall 
time near the hole. I shall therefore take the uniform, externally 
imposed part of the field to be constant. Because of high 
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Fig. 1 a, Cross section of current disk and black hole in un- 
perturbed state. Large circle is the event horizon of the hole, Small 
circles with dots denote current coming out of the paper etc. 
The magnetic field lines are lines of constant Ag ~(Bo/2)r* sin? 
b, Perturbed state. Field lines are frozen into the disk and 
at infinity. A field line through an element of the disk displaced 
a radial distance ôr will be similarly displaced. At the disk 
surface the line ıs rotated through an angle 50 as seen on this 
diagram—a local observer would see it rotated through an a..gle 


30 = 80(1 — (re/r)) 2? 


conductivity, any perturbation of the plasma drags the field lines 
with it. The perturbed field consists of the original uniform field 
and a perturbation field generated by currents in the plasma. 
For a given perturbation, the electromagnetic energy increases 
by an amount proportional to Bo, while the decrease in 
gravitational potential energy is fixed. Thus the perturbation is 
stable if B% is large enough. Equation (1) yields 


(=) = r°(1—QM In) *Ig @) 


Consider a perturbation (not necessarily axisymmetric) that 
takes a fluid element from r to r+-5r, and does not extend over a 
length scale>r. For that element the left-hand side of equation 
(4) stays constant, because surface energy and flux satisfy 
identical conservation laws. The perturbation ıs stable if, and 
only if, the right-hand side increases. When unperturbed the field 
lines (from a static observer’s viewpoint lines of constant 
covariant vector potential A,(r,0)) are nearly straight (Fig. 1a). 
Because the perturbation field is approximately dipolar at 
heights>r above the disk the field lines there will also be almost 
straight (Fig. 1b). This gives a lower limit on the angle 50 
through which the field lines have been rotated near the disk: 
80> (—6r)/r, and implies 6/52 B..(—6r)/r. Close to the hole 
the disk would seem to be stable if 6<2B..(1—(2M/r))”?. 

For a stellar black hole M~10Mo, while for a black hole in 
a galactic nucleus or QSO M~(10°-10°)Mo. Typical interstellar 
fields have magnitudes of only ~ 10-5 gauss, but fields frozen 
into accreting plasma get amplified by many orders of mag- 


271 


nitude‘, so that Bæ is in fact much greater. Small scale fields 
dissipate faster than large scale fields. It is possible that plasma 
is in quasi-static equilibrium near to some black holes. This is a 
consequence of m,/ce being a small number, that is, of the 
strength of electromagnetic forces compared with gravity. 
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Outbursts of the recurrent 
nova T Coronae Borealis 


TuE recurrent nova T CrB has long been regarded as an anomaly 
among cataclysmic variables. It is a binary system consisting 
of an M3III giant and a blue companion}. From the radial 
velocity curves, Kraft? found component masses of > 3.7Mo 
and > 2.6Mo, respectively, later revised downwards to 
2.6Mo and 1.9Mo by Paczyński. Nevertheless, the mass of 
the blue component is clearly greater than the Chandrasekhar 
limit, even though the blue components of common novae 
are widely believed to be white dwarfs. The binary period, 
227.5d, is > 300 times longer than that of GK Per’, the longest 
period known among the remaining cataclysmic variables, 
and in stark contrast with the 0.0567-d period of WZ Sge, the 
only other recurrent nova of known binary period. Warner* 
has suggested, however, that T CrB is typical of the majority 
of recurrent novae. In this paper we interpret the behaviour 
of T CrB in terms of accretion in a binary system. 

Two outbursts of T CrB have been observed, in 1866 
(sD 2,402,734) and in 1946 (3p 2,431,861), these being apparently 
remarkably similar’. In neither case was the eruption detected 
before the nova was already declining in brightness, but 
evidence exists suggesting that the initial rise is extraordinarily 
rapid®. 

The brightness variations in this system in the interval 
immediately surrounding the 1946 outburst”? are shown 
in Fig. 1. Three features are clearly visible in the light curve: 


(1) There is a sudden decrease in brightness by about one 


magnitude (visual) to a minimum, m, ~ 10.8, at JD 2,431,599. 
What scattered observations exist of this phenomenon suggest 
that superimposed on the recovery from minimum 1s a 
decaying oscillation with period ~ 41d and initial amplitude, 
Am, ~ 0.15; (2) 263d later, the principal maximum, m, ~ 3.4, 
occurs. The system remains within one magnitude of maxi- 
mum for approximately three days only, and the decline 
is exceptionally rapid (0.5 mag d~). The total energy output in 
visual light during this outburst amount to ~ 1,400 times 
the mean daily output of the giant component® (m, ~ 10.2) 
in a quiescent state; (3) 106 d following the principal maximum, 
the system again begins brightening, reaching a secondary 
maximum, m, ~ 8.06, near JD 2,432,020, with fluctuations 
at maximum of a few tenths of a magnitude. The system drops 
to m, ~ 9.4 within the next 80d, followed by an extremely 
prolonged decline? (> 25 yr) to its present light level, m, ~ 10.15 
(personal communication from J. A. Matte). 

This outburst behaviour carries the distinct signature of an 
episodic accretion event. The minimum preceding outburst 
is associated with the dynamical ejection of a coherent mass of 
gas by the lobe-filling giant. Bath’? has shown the existence 
of such an instability generally among lobe-filling giants, and 
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Fig. 1 The light curve of T CrB during the 1946 outburst, 
reconstructed from visual observations by members of the 
AAVSO (ref. 7). The dotted portion of the curve near JD 2,431,840 
represents a gap in observational records while T CrB was un- 
favourably located with respect to the Sun. The observations 
shown before the outburst are those of a single observer, L. C. 
Peltier. The oscillations shown in this portion of the light curve 
are suggested by his observations, but the number of observations 
is relatively small. There 1s unusually large observational scatter 
after 1p 2,432,070, suggesting an enhanced level of rapid photo- 
metric activity. The orbital phases indicated at the top of the 
figure are computed from an ephemeris by Paczynski’. 


time-dependent calculations of such events ‘find the mass- 
losing star underluminous following the ejection". The re- 
covery from minimum is characterised by a timescale! 


a, ~ RTAM 
mS AL 


where R is the ideal gas constant. A lobe-filling M3III giant??, 
T: = 3,350K, has a luminosity L,= 1,250 Lọ. Taking 
AL = L,, and assuming a mean temperature, T ~ 10° K, for 
the ionisation zones, the observed timescale, tın ~ 100 d, 
indicates AM ~ 10-°Mo transferred. The possible 41-d 
periodicity superimposed on the recovery is consistent with a 
low order pulsational mode of the giant (P. R. Wood, personal 
communication), excited by the ejection episode. 

The principal maximum is of such short duration that it 
must correspond to a dynamical phenomenon. The matter 
ejected by the giant initially takes up an extremely eccentric 
orbit around the secondary. This orbit is made circular 
dynamically, by supersonic collisions within the orbiting 
material. A simple estimate, following Lubow and Shu, 
indicates that 1.09 x 10" erg g~ is dissipated in this way for 
the adopted binary parameters. Allowing a bolometric correc- 
tion of 1.81 mag for the giant!?, the visual energy output is 
found to be 1.12 x 10“ erg by comparison with the quiescent 
giant luminosity, giving AM = 5.2 x 10-4Mo, in good 
agreement with the estimate obtained above. The resultant 
circular orbit has a radius Ra = 19.9Ro, period 7.49 d. 

Viscous dissipation within this accretion ring broadens it 
into a disk which gradually reaches down to the surface of the 
accreting star“. As it does so, its luminosity increases, reaching 
a maximum as its inner edge reaches the surface of the central 
star. The height of that maximum is a direct measure of the 
surface potential of the star, and the interval between the 
principal and secondary maxima reveals the viscous timescale 
of the disk. 

The secondary maximum of T CrB clearly reveals the second- 
ary aS a main-sequence star (first suggested by Plavec!®16 
and Harmanec”). The mass and luminosity of the giant 
component indicate an age?! of ~ 4.7 x 108 yr for the system, 
placing the main-sequence companion in core hydrogen 
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burning (X. ~ 0.28), with radius R œ 1.8]Ro. In the time- 
dependent, constant-viscosity disk model”, the mterval be- 
tween the creation of an accretion ring (primary maximum) 
and the point at which the light level rises to within 1.5 mag of 
secondary maximum (an observationally well defined quantity) 
is At = 0.118 t, where Ty is the natural viscous timescale 


Ra? 
Ww by 





Thus, the viscous timescale of the accretion disk in T CrB 
is ty = 930d. The predicted height of secondary maximum 
for the assumed main-sequence companion is my = 7.77, in 
good agreement with the observed maximum (8.06 m), and 
far lower (by more than five magnitudes) than that expected 
for a massive white dwarf companion. The effective Reynolds 
number of the disk is 


1/2 
Ry =~ 6 ee ty = 4,700 
d 


indicating that the disk is turbulent. 

Dwarf novae are widely believed to be accretion episodes 
of a very similar kind’**°, Bailey?! has recently found an em- 
pirical relationship among dwarf novae between the rate of 
decline from maximum and the orbital period, P 


t œ 9.2P 


where t is the time required to decline one magnitude. For 
T CrB, the inferred timescale, t = 2,090 d, is in excellent agree- 
ment with the time required for a theoretical constant-viscosity 
disk with t, = 930d to decline from one magnitude below 
maximum to two magnitudes below maximum, At = 2,320 d. 
Details of this model, and a reinterpretation of Kraft’s 
observations? will be published separately. The author grate- 
fully acknowledges invaluable discussions with J. W. Truran, 
R. P. Kraft, G. T. Bath, J. E. Pringle, and P. R. Wood. Special 
credit is due to the many amateur astronomers throughout 
the world, and the American Association of Variable Star 
Observers (AAVSO) and its Director, Janet Mattei, in particular. 
Without their patient observations this discovery would not 
have been possible. This research was supported by the NSF. 
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A plum-pudding model 
for interstellar grains 


THERE seem to be two basic mechanisms by which interstellar 
grains can grow; the condensation of gaseous molecules (mostly 
of the CNO type) on to their surfaces and the coagulation on 
collision of individual grains. In general, as has been shown by 
Simons and Williams}, condensation leads to a more rapid 
growth rate than coagulation resulting from the thermal motion 
of the grains. If, however, relative motions can be set up within 
the grain population, then this increases the collision rate and 
so also increases the rate of growth by coagulation. Now, for 
small grains, the force on them from radiation pressure depends 
on a different function of the grain radius, a, than does the 
viscous drag generated by the ambient gas. (For simple models 
these functions are respectively a? and a?.) Consequently, grains 
of differing sizes will be caused to move with different velocities 
through the ambient gas by radiation, the larger ones moving 
faster. This causes these grains to capture further grains by 
coagulation which in turn enhances their relative velocity even 
further. The purpose of the present communication is to show 
that this growth caused by radiation pressure coagulation is 
probably of the same order as that from gas atom condensation, 
and to point out an important consequence of this. 

Let us focus attention on a particular grain, G. Atoms will 
be incident on this grain both in the form of free atoms and in 
the form of those bound in other grains. In each case the 
number of atoms Z adhering to G per unit time will be given by 


Z = ynddo 


where y is the velocity of the incident atoms relative to G, n is 
the number of these atoms per unit volume, A is the effective 
cross section of G and o is the sticking coefficient. Thus the 
ratio of grain growth from condensation to that caused by 
radiation pressure coagulation is given by 


~ VallaAaOa 
VeltgA gg 


(1) 


where the subscripts a and g refer, respectively, to free atoms 
and to those bound in grains. 

To calculate v, we note first that due to its charge, prolonged 
grain motion can only occur parallel to the magnetic field H. 
In this direction, the force on grains of radius a from radiation 
is given by : : 


Fg = na*Q(a)PB (2) 


where P is the radiation pressure and B the cosine of the angle 
between H and the direction of the radiation pressure. Q(a) is 
the mean efficiency factor for radiation averaged over all 
frequencies. For blackbody radiation characterised by a 
temperature of ~ 10* K, such as may typically be found in the 
Galaxy, acting on a grain composed of material with a complex 
refractive index 


Qla) = 5x 104a (3) 
(see Simons and Williams?, Greenberg?), for all values of a 


such that Q(a)<1. Simons and Williams? have shown that 
for the general galactic radiation field 


P ~ 1.2x 107 (cgs units) 
and that the gravitational field of the interstellar cloud within 


which the grain is situated is unimportant as far as the motion 
of that grain is concerned. Also since the galactic field acts 
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equally on grain and cloud, in any discussion of their relative 
motion ıt may be ignored. The relative velocity of the grain is 
thus determined by balancing the driving radiation pressure by 
the viscous drag of the ambient gas which has the form 
(Baines et al.*) 


Fres = napy WY (4) 


y being the relative velocity, W the mean thermal velocity and 
p the gas density. y is a factor, numerically of order unity, 
which depends on the way gas molecules are reflected from 
the surface of the grain. For typical interstellar clouds (see 
Lequeux®) we find that 


Fres ~ 4.5 X 1071 va? (5) 
and from equations (2) and (5) we get 
v1.3 x10 Q(a) (6) 


taking B = 4. Thus the relative velocity of two species of grain 
of radii a, and a, is given by 


v = 7X 10®(a,—a). (7) 


the larger grains moving faster than the smaller ones. Since we 
are concerned with the growth of grains to their present size 
we take as representative values a,~4x 10-* cm and a,~a,/2. 
This yields 

vee 1Sms (8) 


As far as Va is concerned, we suppose the atoms to be pre- 
dominantly oxygen and the gas temperature to be ~100 K. 
This gives vax 300 m s71, so that 


Val Vg 20 (9) 


As far as n/n, is concerned, it is generally assumed that the 
mass of heavy condensible atoms is roughly equally divided 
between free atoms and those bound in grains. In view of this 
we shall take 

na[ng= 1 (10) 


It is generally supposed that atoms such as C and Si are pre- 
cominantly bound in grains so that the ratio n,/n, may well 
be <1, though values >1 cannot be entirely ruled out. 

Aa will be the geometric cross section na? of the grain G 
with radius a. If the other grains incident on it have radius a’, 
then 


e ~ mata’)? 


Now a’ can be both greater or smaller than a, so that a reason- 
able estimate is presumably made by setting a’ = a. This gives 


A,/A; = 1/4 (11) 


The value of o, has been estimated theoretically for O atoms 
(in ref. 6) to be oa ~ 0.3. The best available evidence for o, 
would seem to be from experiments on the acoustic coagulation 
of terrestrial aerosols”. In these experiments coagulation pro- 
ceeded efficiently for all relative grain velocities involved, which 
ranged up to several ms~. Since yẹ (equation (8)) is greater 
than these velocities only by a factor ~3, we suggest taking 


o,~1 
in the absence of any evidence to the contrary. This gives 
we o,/o, ~ 0.3 (12) 
Pare Cbe sry Ulbrary 
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It then follows from equations (1), (9), (10), (11), (12) that 
X~2 (13) 


In spite of the various uncertainties in the above estimation the 
result (equation (13)) would seem to substantiate our con- 
tention that growth from radiation pressure coagulation is 
probably of the same order as that from condensation. This 
has a very important consequence since it leads to the possibility 
of the formation of a grain possessing a novel type of internal 
structure; we call this a “‘plum-pudding” grain. ; 

Initially a grain with a single silicate type nucleus will build 
up an ice mantle by condensation. Collision with a similar 
grain followed by coagulation will lead to a larger grain con- 
sisting of two separate silicate type cores surrounded by ice. As 
growth by both mechanisms proceeds, a multicored grain of 
silicates and similar material embedded in an ice matrix is 
formed, similar to plums in a pudding. 

Such a grain would have rather novel optical characteristics, 
the main feature being that it would, at one and the same time, 
exhibit structure at two characteristic lengths, that of the nuclei 
and that of the whole assembly, including the ice. One might 
speculate that with such a grain it would be possible to explain 
the optical observations which according to Whittet et al.8 have 
hitherto required the existence of three distinct grain models. 
Speculating further, the requirement of large grains, pointed 
out by Rowan-Robinson®, might also be met by our type of 
grain structure. 


The above treatment would seem to demonstrate the 


plausibility of the existence of plum-pudding grains. A quantita- 
tive treatment of their growth, structure, size and optical 
properties remains, however, to be performed. Work on this is 
currently in progress and will be published elsewhere. 
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A comparison of acoustic Doppler vertical 
velocities with direct measurements 
in the atmospheric boundary layer 


THE quantitative evaluation of the intensity of acoustic echoes 
from the first few hundred metres of the atmospheric boundary 
layer (in both stable and convective situations) has been the 
subject of much recent experimental work1-5. The acoustic echo, 
however, contains Doppler information on the vertical air 
motion and this could prove of great use in the specification 
of further important boundary layer statistics such as Ow’, 
the variance of the vertical wind speed! and g, the rate of 
dissipation of turbulent kinetic energy. Beran et al.’ using a 
sounder in the monostatic mode (transmitter and receiver 
aerials located together) derived the profile of the vertical wind 
component using the acoustic Doppler technique. They did 
not, however, verify that the estimates of the winds were 
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correct, nor did they record the magnitudes of the Doppler 
shifts in the weak echo regions between the periods of thermal 
activity. This paper presents a quantitative comparison be- 
tween acoustic Doppler vertical winds and direct estimates 
measured at a fixed height in the atmosphere. 

The acoustic sounder operates at a frequency of 1,730 Hz 
transmitting pulses of length 74 ms at a pulse repetition fre- 
quency of 0.44 Hz and up to 25 W of acoustic power. The 
aerial (which is used for both transmission and reception) 
is a 6 x 6 array of 16.5-cm diameter re-entrant horn loudspeakers. 
These figures correspond to a height range of 380 m and a 
range resolution of 12.25 m. The pulse length (and hence the 
resolution) and the transmitted power can be varied. The 
receiver gain can be varied up to 155 dB which includes a ramp 
gain to compensate for the spherical divergence of the acoustic 
echoes as they are received from the, longer ranges’. The 
transmit pulse is used-to synchronise a gating system which 
controls the selection of the signal received from any chosen 
height for Doppler shift determination. The gating system 
provides five gates of variable width hence allowing the signal 
to be analysed at five different heights. A Hewlett-Packard 
spectrum analyser with an 8553B r.f. section is used to produce 
the frequency spectrum of the received echo. The oscilloscope 
display is automatically photographed using a cine camera 
triggered by the same gating circuit. The photographed power 
spectra can be analysed subsequently to determine the fre- 
quency shift by use of an expression for the radial velocity v 
of a scattering eddy given by Beran et al.’ 


_of h 
GE 1) 


for relatively low velocities of up to 2 m s~. Here fa is the 
transmitted carrier frequency and fa is the frequency of the 
scattered signal. 

Direct estimates of the vertical velocity were made using a 
‘reduced’ version of the turbulence probe described by Readings 
and Butler’. Basically this instrument consists of a set of sensors 
mounted on a vane which keeps them facing into wind. The 
vane is attached to the tethering cable of a large kite balloon 
(~ 1,300 m? volume) and is free to move in the horizontal 
plane. In this particular application the sensors consisted of a 
hot wire (double ‘V’ shaped) inclinometer mounted on a 
damped pendulum at the front of the vane and a multislot 
photoelectric anemometer fitted with a 6-cup polystyrene rotor. 
These sensors record the inclination ($) of the wind vector to 
the local horizontal (as seen by the sensor) and the total wind 
speed, V. Thus the instrumentation does not precisely measure 
the absolute magnitude of the vertical velocity but rather its 
variability about some chosen mean. The mean value is set 
by assuming that the average inclination of the flow is zero, 
$=0, where the double bar represents the complete period 
of a run (typically ~ 1 h). Average vertical velocities (w) over 
time periods corresponding to fifty sounder pulses are then 
obtained from the relationship 


w= V sin(¢—¢) 


Several experiments have recently been carried out to 
determine the overall accuracy of the balloon-borne turbulence 
instrumentation including the sensitivity of the observations 
to sensor design, frequency response, data reduction techniques 
and the influence of probe motion as it sways with the balloon 
cable (see Readings and Butler’, Haugen et al). The results 
show that the tolerance on the vertical velocity estimates is 
~5% and that this wind component is negligibly affected by 
balloon cable movement. 

The results described concern four experiments carried out 
in convective conditions and two in stable conditions. Figure la 
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shows the facsimile recording for one of the runs in convective 
conditions on June 18, 1975. The sequence of thermal activity 
is clearly shown. During this run the turbulence probe, pro- 
viding the direct measurements, was located at a height of 70 m. 
Figure 1b shows the comparison between vertical velocities 
as recorded by the sounder and the probe, the latter being aver- 
aged over a time interval corresponding to twenty sounder pulses 
that is, 46s, which for the wind speed present during this run is 
equivalent to a spatial scale of ~ 200 m. This distance is much 
greater than the separation of probe and sounder scattering 
volume (80 m). Sufficient signal was still received during periods 
of weak echo to record a Doppler. shift, provided the gain of 
the receiver was sufficiently high. For both convective and 
stable conditions the received signal was too weak to permit 
the recording of the Doppler spectrum on ~ 5% of the total 
number of occasions. Comparison of Fig. 1a and b shows that 
there is little apparent connection between the intensity of the 
echo (Cr?) and the updraughts as seen by both sounder and 
turbulence probes. Beran et al.” have, however, observed that 
areas of maximum Cy? were associated with regions of maximum 
vertical wind shear. This is of importance in the qualitative 
interpretation of acoustic sounder facsimile records and merits 
further study. 

Figure 2 shows a plot of vertical velocity estimates from the 
acoustic Doppler measurements averaged over fifty pulses 
against direct measurements over a corresponding time interval 
using data from all four runs in convective conditions. The data 
are seen to scatter fairly well about a line of unit slope. A best 
fit line through the data has slope 0.75 and intercept 0.2 m s+ 
on the sounder axis. It is not clear to what extent the scatter 
in this plot is produced by real spatial differences in the vertical 
velocity field or by the inherent errors in the technique. It should. 
be emphasised that the probe provides a continuous estimate 
of the vertical velocity at one point only whereas the sounder 
estimates refer to a discrete set of observations averaged in 
height (over a resolution depth) and in the horizontal (over the 
beam area). The values of the correlation coefficients for un- 
stable conditions ranged between 0.7 and 0.9 and the standard 
deviations of the direct and indirect estimates of vertical 
velocity were between 0.43 and 0.53 ms and 0.4 and 0.6 ms 
respectively. Figure 3 shows the facsimile recording and the 
plot of vertical velocity against time obtained during stable 
conditions on June 26, 1975. For these conditions the correl- 
ation coefficients were 0.7 and 0.9 with direct and indirect 


Fig. 1 a, Facsimile recording of convective conditions between 

10.33 and 11.20 on June 18, 1975. b, Comparison between sounder 

estimates (O) and direct measurements (@) of vertical velocities 
averaged over twenty pulses. 
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Fig. 2 Plot of vertical velocity estimates from the acoustic 
Doppler measurements against the direct measurements from 
all four experiments in convective conditions. 


standard deviations of 0.06 and 0.04 m s~ and 0.1 and 
0.06 ms~respectively. The variances recorded refer to the 
frequency band set by the run duration and the averaging 
period. 

Three sources of error indicated by Spizzichino™ have been 
considered in some detail. These are (1) instrumental error; 
(2) refraction effects and; (3) apparent vertical velocities intro- 
duced by horizontal wind components because of the finite 
beamwidth of the acoustic antenna. The relationship that 
describes the instrumental error is 


o 2 VOND? 
y 4Nt6S1 


where S,=((1/t¢*)+5,2)!, Nis the number of pulses, tg is the 
actual width of the sampling gate and b, is the bandwidth of 
the Doppler signal. For the present results b, is ~ 10 Hz, 
tc is 180 ms and N is 50, giving a value for o, of 0.12 m s7, 
which is reasonably small. For N=5, oy, becomes 0.4 m s™ 
and in accordance with this the scatter in a plot of direct against 
sounder estimates was much greater than that in Fig. 2 and such 
that no discernible trend could be identified. A further source 
of error is in the determination of the position of the peak of 
the power spectra, necessary for the measurement of the fre- 
quency shift. This error was estimated to be ~ 0.1 ms™* fora 
single spectral photograph. 

The error from refraction can be found if the integrated wind 
profile to the height of the observation is known. During these 
experiments this was obtained using the Cardington Balthum™? 
and this error turned out to be ~ 0.2 m s™. This indicates a 
systematic overestimation of the vertical velocity by the sounder 
and may be responsible for the positive intercept of the regres- 
sion line on the sounder axis (see Fig. 2). 

The error from the finite antenna beamwidth (~ 10°) is 
more difficult to assess since it depends on whether the 
observation time is long enough for the reflectivity being 
considered to be statistically uniform in the scattering volume. 
If this is the case then it merely produces spectral broadening 
and is already included in the instrumental error which involves 
bı. If, however, the reflectivity is not uniform and there are 
many reflectivity maxima within the scattering volume, then 
the echo spectrum will also exhibit subsidiary maxima. Such 
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Fig. 3 a, Facsimile recording of an inversion between 03.00 and 

03.40 on June 26, 1975. b, Comparison between sounder 

estimates (©) and direct measurements (@) of vertical velocities 
averaged over fifty pulses. 


spectra were infrequently observed (~ 2% of the time) and hence 
for the data presented here this error can be neglected 

The results presented above show that reasonable estimates 
of the vertical wind velocity can be obtained from the returns 
of a monostatic acoustic sounder operating in both stable 
and convective atmospheric conditions. The standard deviations 
of the velocity fluctuations agree well and correlation coe- 
fficients between sounder and direct estimates were found to be 
in the range 0.7-0.9. This technique may offer a quantitative 
remote method of assessing the mixing quality of the lower 
atmosphere and could prove of great use in studies of atmos- 
pheric diffusion and environmental pollution. 
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Hercynian high pressure/low 
metamorphism temperature 
in the Ile de Groix Blueschists 


WE present here an interpretation of K-Ar ages obtained on 
four glaucophanes, four phengites and one barroisite separated 
from aluminous, calcareous and basic schists cropping out 
on the Ile de Groix, off southern Brittany in France. The data 
include two glaucophane-phengite pairs (PM6 and PC10) 
and a composite separate specially enriched in barroisite. 
(Table 1). ` 

Field relations and chemical mineralogy are best known for 
the glaucophanic eclogite PC10, which occurs in boudins 
having axes of elongation parallel with the dominant N-S 
mineral lineation in the south-east of the island. This meta- 
basic boudin lies in a, matrix of chloritoid micaschist, and is 
apparently not an exotic block (the encasing schist has an 
approximately cofacial paragenesis). 

The pressure/temperature conditions during the metamor; 
phism of the PC10 glaucophanic eclogite have been inferred 
from the Fe/Mg partitioning between adjacent garnet and 
clinopyroxene rims and from the jadeite content of omphacite 
in equilibrium with quartz and albite? (for analysis of all minerals 
and rocks except PC10 see refs 1 and 2). This gives an 
intersection of equilibria at 400 °C and 8K_ bar pressure, which 
is consistent with blueschist facies rocks from New Caledonia 
and Japan, and suggests that metamorphism took place in a 
region of low geothermal gradient (about 17 °C km ™ if average 
density = 2.9 g cm~*)—possibly in a subduction zone. 

The concordance of K-Ar dates for two glaucophane— 
phengite pairs from widely separated aluminous and basic 
schist outcrops on Groix demands either a simple cooling age 
or mineral growth age interpretation; there 1s no evidence in 
either case for excess ®Ar. 

If we assume a maximum prograde growth temperature of 
400 °C for the Groix phengites and glaucophanes in equilibrium, 
it is very likely that they grew at or beneath their blocking 
temperatures for Ar diffusion’. Thus, the age recorded would 
be the peak of high pressure/low temperature metamorphism 
rather than the cooling age. Even if mineral reactions ceased 
before the system became closed to Ar diffusion, it seems un- 
likely, in the context of a downgoing lithospheric slab, that 
high pressure/low temperature conditions could prevail for 
any significant interval of time after the peak of metamorphism 
was reached®. So, because of dynamic instability of the geo- 





Table 1 Mineral assemblages of whole-rock specimens* 











PM6:  Phengite + ferroglaucophane + chloritoid 4- quartz + 
sphene + chlorite. 

Aluminous schist, possibly metatuffaceous sediment, 
from Pen Men. 

LM8: Phengite + quartz + garnet + chlorite + glaucophane. 
Aluminous schist Common pelite lithology from Loc 
Maria. 

LH11: Epidote + glaucophane + quartz + garnet 4+- phengite. 
‘Calcareous’ schist, probably from margin of metabasic 
body, near Loc Maria. 

LH13: Epidote +, garnet + quaitz + glaucophane -+ phengite. 
“Calcareous’ schist, probably basic metatuff from margin 
of metabasic body near Loc Maria. ' 

PCIO: Garnet + glaucophane/barrorsite + omphacite + epidote+ 





phengite + albite + quartz + sphene. 
Basic schist from core of boudin, Pointe des Chats. 





*Listed in order of decreasing modal abundance; dated mineral 
separates underlined. 
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Table 2 Data from minerals* 

Sample 4Arradmolg™ #Arrad K,O VAr/Ar K/Ar Age (Myr) 

no. Mineral (x 1078) (%) (%) (x 10°) 

LM-8 Phengite 0.523 95.4 9.88(4-0.04) 7,234 329 328 3(+9.0) 

LM-8 Phengite 0.518 87.3 As above 2,470 105 326 0(+8 8) 330.2 

LM-8 Phengite 0.537 97.5 ™ As above 11,863 544 336.3(-+9.2) 

PM-6 Phengite 0.544 847 10 28(40.16) 1,976 80.4 327.7(+10.3) 327.5 

PM-6 Phengite 0 543 95.1 As above 6.815 311 327 2(+ 10.3) k 

LH-13 Phengite 0 519 96.2 9.59(+0.19) 4,851 215 334 6(+11.4) 336.7 

LH-13 Phengite 0.523 83.1 As above 1,859 71.9  338.9(+11.4) ` 

PC-10 Phengite ( < 100 mesh) 0 577 86.3 10.64 (+-0.09) 2,230 88.9 339.3(+9.7) 

PC-10 Phengite (> 100 mesh) 0.527 86.8 9 49( +0.09) 2,311 92.3 342 7/499) 339.1 

PC-10 Phengite (> 100 mesh) 0.515 953 As above 6,451 288 335.5(+9.6) 

PC-10 Glaucophane (80% pure)t 0 00422 34.2 0.0837(+0.0010) 461 8.31  313.2(+10.0) 

PC-10 Glaucophane (80% pure) 0.00437 58 3 As above 765 23.0  320.7(+10.2) 317.0 

PC-10 Glaucophane (70% pure) 0.00593 17.8 0 118(+0.002) 361 3.23 = 313.2(+12.7) 

PC-10 Omphacite+ garnet + barroisite 0.00586 46.3 0.124(+-0.001) 576 15.1 294.6(+8 2) 

PM-6 Ferro-glaucophane 0 000801 9.2 0.0151(+0.0005) 325 1.40 329 (+33)T 

LH-11 Glaucophane 0.000546 6.0 0.0107( +0 0005) 315 1.05 318 (+32)t 


SNe = 0.585 x 107" yr; Ag = 4.72 x 10-8 yr; K/K = 1.19 1074 atom/atom. 
"+The lo precision of the age determinations for PM-6 glaucophane and LH-11 glaucophane (with ®Ar rad < 10%) has been evaluated at 10%. 


tBarrorsıte rims are the main impurity. Mıcroprobe gives barroisite rims K,O = 0.24%, glaucophane core K,O = 


Z. 


40Ar was determined by isotope dilution mass spectrometry at the University of Naples, using a GD-150 Varian Ma mass spectrometer and 
the *8Ar-enriched Zurich spike. The calibration was checked by LP-6 USGS standard, a muscovite internal standard (MCT) and Bern LP-6 
biotite. K was determined ın duplicate by flame atomic absorption with a Perkin Elmer 306 by the method of standard additions. Errors are 
maximum deviations from the mean. The errors (lo) for K-Ar dates have been evaluated using the Cox and Dalrymple formula®. 


thermal gradient in an area of blueschist formation, the minerals 
grew quickly and were uplifted soon afterwards. Thus, the 
growth age of minerals from such an environment would be 
indistinguishable within error from the cooling age, grven 
reasonable estimates of uplift rate (see Table 2). 

A high pressure/low temperature metamorphic event 335-+20 
Myr ago on Groix would postdate the intrusion of anatectic 


granites on the mainland by about 40 Myr (ref. 6), but ' 


would coincide with the intrusion of early Variscan granites 
throughout Brittany 340 Myr Bp (ref. 7). This juxtaposition of 
blueschist with a region of active plutonism from 380 to 340 
Myr BP 1s similar to that observed in the Mesozoic and Tertiary 
paired metamorphic belts of Japan and California. In the case 
of Groix, however, no ‘median’ tectonic line or suture 1s 
exposed, the blueschist ‘belt’ 1s restricted to one island, and the 
level of erosion of the ‘hot belt’ ıs so deep that the volcanic arc 
has been stripped off, revealing the underlying batholiths and 
muigmatites. 

As soon as subduction of the blueschists had ended, uplift 
was probably brought about by isostatic response to rapid 
erosion of the volcanic arc and cordillera to the north. Thermal 
relaxation to a more normal geothermal gradient after sub- 
duction would have produced a rise in temperature during 
off-loading, and a consequent retrogression of the blueschist 
facies minerals. If the uplift rate were fast enough, however, the 
blueschists of Groix would have reached the Earth’s surface 
before the thermal relaxation ‘wave’ could erase much of the 
blueschist assemblage. 

The barroisites seem to have grown at the expense of 
glaucophane, omphacite and garnet during a late rise in 
temperature that did not exceed the Ar-blocking temperature 
of glaucophane—otherwise the glaucophane ages would all be 
reset at 294 Myr BP. This would account for the fact that the 
barroisite overgrowths on glaucophane are significantly 
younger by about 40 Myr than the high pressure/low tempera- 
ture metamorphic assemblage. Furthermore, the apparent 
slight discordance between the ages of PC10 phengite: and 
glaucophane can be explained by the influence of younger, 
K-rich barroisite rims in the impure PC10 glaucophane separates. 
The age of this late retrogression (294 Myr BP) corresponds well 
with uplift and cooling ages throughout the Hercynides, and is 
synchronous with the intrusion of younger Variscan granites’, 
a major break in sedimentation and the main phase of Hercyn- 
ian folding (Sudetic phase: Westphalian ın age). 

The Hercynian age proposed for the blueschist metamorphism 
on Groix is at variance with previous structural interpretations 


that have related early 1soclinal fold phases to the Cadomian 
Orogeny (690-570 Myr Bp)’. The basic glaucophane schist 
assemblages have been considered to have developed from 
pre-existing, possibly Cadomian, eclogites'. By contrast, 
we consider it very likely that both fold structures and meta- 
morphic assemblages on Groix are Hercynian in age, and that 
the original lavas and sediments need be no older than 400- 
500 Myr (unpublished Sr isotope data, M S. N. C. and P. N. 
Taylor). 

We thank Pam Shreeve of the Oxford Geology Department 
for her K,O determinations. Professor Howie of King’s College, 
Universıty of London allowed us to use Z. Makanjuola’ s min- 
eral separates. 
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‘Space’ charging of insulators 


Tue charging of satellite surfaces by space radiation often re- 
sults in electrical discharges. These can interfere seriously 
with electrical systems on board?. The surface potentials may 
vary according to the differing charging properties of dissimilar 
materials, local changes in capacitance or differences in the 
radiation environment. Investigations of radiation-induced 
electron emission have been directed predominantly at metallic 
or semiconducting materials, and there is a paucity of data on 
the charging of dielectrics. The work reported here considers 
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Fig. 1 Schematic diagram of experiment showing the specimen, S, 

mounted on the earthed, rotatable table; the counter electrode, 

C; an electron gun, G, with associated electrode; E; and the 
charge measuring probe, P. 


photon-induced charging. Electron-induced charging is con- 
sidered in ref. 2. 

Photoelectric emission from fused silica on irradiation with 
ultraviolet light has been examined in vacuo ~ 10-5 mmHg. 
A schematic diagram of the experiment is shown in Fig. 1. 
Resonance radiation from, successively, a helium (21.2 eV), 
neon (16.85 eV) and argon (11.83 eV), discharge is directed, 
through a monochromator, obliquely on to dielectric specimens 
mounted on an earthed, rotatable table. The specimens are 
irradiated when positioned beneath the counter electrode, 
the charge being subsequently determined by scanning the 
specimens beneath a probe (see ref. 3). 

The equilibrium charge densities produced on specimens of 
SiO,, 300 um thick, have been measured for several extracting 
(positive) counter electrode potentials. Figure 2 shows the 
charge densities determined for zero extracting |potential 
plotted against the incident photon energy. The line shown 
indicates the geometric capacitance of the specimens. The 


Fig. 2 Equilibrium charge density measured on the SiO, speci- 
mens plotted against the incident photon energy. The line shows 
the specimen capacitance. 


— — 
A a oo oO N 


N 


Equilibrium charge density (uC m~?) 


8 10 12 14 15 18 20 22 
Photon energy (cV) . 


Nature Vol. 262 July 22 1976 


saturation charge density would be expected to follow the 
photon energy linearly, the retarding surface potential at 
equilibrium being just sufficient to overcome the photoelectron 
emission energy, thus inhibiting emission. As evidenced, 
there is a tendency for the higher charge densities to be less 
than those predicted, and this may indicate a process of photo- 
conductive loss. i 

Positive potentials applied to the counter electrode increase 
the equilibrium charge density (Fig. 3). Data for all of the 
wavelengths used are presented, again with the line showing 
the specimen capacitance. Evidently, the equilibrium charge 
density is wel! described by 


o = ee (hv—,+ Va)/d , C m™ 


where, g, d and @,, are the specimen permittivity, thickness and 
photoelectric threshold energy, respectively; Av is the incident 
photon energy, and V, is the counter electrode potential. 

The temporal growth of charge has been examined, the 
emission current being found to decrease monotonically 
as the surface retarding potential increases. The mode of current 
decay with an applied extracting field seems different from that 
for zero potential, suggesting that penetration of the field 
into the dielectric may affect the excitation process as well as 
increase the probability of escape of the photoelectron. These 
investigations will be described more fully elsewhere. 
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Fig. 3 Equilbrium charge density against applied counter 
electrode potential, for 21.2eV(x), 16.9eV(O) and 11.83eV(A) 
incident radiation. Specimen capacitance shown by solid line. 


These experiments have shown that photocharging by 
solar radiation, which is often discounted, may not after all be 
insignificant, particularly in view of the extensive range of 
photon energies observed in the solar spectrum. Also, it is 
evident that the equilibrium charges on insulators in space 
may be highly influenced by local electric fields. 
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Charges and vacuum flashover 


THE increasing importance of vacuum insulation in tech- 
nology’ and the recognition of the disruptive effects of sur- 
face discharges on satellites in space? both impart fresh 
impetus to the understanding of the flashover effect. Sold 
insulators are certainly a source of gas in vacuo, particularly 
under bombardment, and can also cause local enhancement 
of electric stress through the acquisition of surface charges. 

de Tourreil and Srivastava’, among others, have measured 
positive charges on insulators at stresses well below 
those necessary for flashover. They proposed a charging 
process based on secondary electron emission following 
bombardment of the dielectric by electrons initially field- 
emitted from the cathode. A secondary emission coefficient, 
6, greater than unity (more out than in) obtains for most 
dielectrics‘ but strictly between well defined limits of input 
electron energies, that is, ~ leV <E<a few keV, for 
instance. Outside these limits the insulator would charge 
negatively. Moreover, the emission energy of the secondary 
electrons is quite small, ~ few eV (ref. 5), and so very 
little positive charge on the insulator would preclude fur- 
ther emission. These effects are clearly illustrated by the 
simple experiment, shown schematically in Fig. 1 of ref. 6, 
in which electrons, with energies of up to 3keV, are 
directed through a counter electrode on to insulator speci- 
mens, and the charges produced measured. 

Specimens of fused silica (300 4m thick) and of two 
polymers—polycarbonate (55 um) and polyimide (50 wm)— 
have been investigated. Figure 1 presents the measured 
charge densities for zero extracting field plotted as a func- 
tion of the input beam energy. The upper secondary emis- 
sion threshold energy (E2) of the primary electrons is clearly 
displayed. For higher input energies, the insulator charges 
negatively, thereby slowing incoming electrons which thus 
arrive at the surface with precisely the threshold energy, 
so that equilibrium is attainéd (6=1). The full lines agree 
with the calculated geometric capacitance of the specimens 
to within 5%. 

The occurrence of this dynamic process, rather than of 
complete repulsion of a high energy, primary beam (the 


Fig. 1 Charge densities measured on SiO, (a), polycarbonate, 
(5), and polyimide (c), specimens, plotted against input electron 
energy. 
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other stable condition) is important since it indicates con- 
tinued interaction even in the highly charged equilibrium 
state. Local discharges would probably dissipate larger areas 
of charge, for example, because of me increased surface 
conductivity. i 

For input energies below the threshold (E very little 
(virtually random) charge is detected on the dielectrics. 
If an extracting field is generated, however, by applying 
positive potentials to the counter electrode, positive charge 
densities are observed, these being independent of the 
primary beam energy but linearly dependent on the extract- 
ing potential. Above the threshold the extracting potential 
has no effect. 

These observations suggest that the straightforward 
secondary emission theory of insulator charging, leading 
subsequently to breakdown, may be inadequate. The elec- 
tric stress at flashover is usually greater than around 
5 MV m™, so the maximum free path for primary electrons 
in this field, if they are to collide with the insulator surface 
with energy less than the upper threshold energy, ~ 1 keV, 
is less than 0.2 mm. Thus, for insulators of greater length, 
such primary electrons must originate from adjacent sites 
on the dielectric surface itself. That may be possible; but 
what happens to the electrons with greater than the thres- 
hold energy, that is, those originating further than 0.2 mm 
from the point of collision? They would charge the insulator 
negatively, irrespective of any apparent extracting field, 
except, perhaps, in three possible conditions: 

@ At low (near grazing) angles of incidence the consider- 
ably reduced normal depth of penetration of the primary 
beam may result in the emission of secondaries, even at 
high primary beam energies, that is, the secondary thres- 
hold energy may be greatly increased. 

@ The enhanced conductivity of the irradiated surface 
layers of the insulator may have an important role in estab- 
lishing local potential gradients. 

@® The collision of particles originating from both the 
electrode and the dielectric surfaces may have an important 
independent role in charging the insulator surface. 

To my Bnowledse these aspects have not been investi- 
gated. 
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Aspartic acid racemisation in 
dentine as a measure of ageing 


THE L-amino acids initially present in bone protein undergo 
slow racemisation over geological time at a rate which is 
proportional to temperature’. We have shown? that at the 
human body temperature of ~ 37 °C aspartyl residues in tooth 
enamel protein also undergo racemisation at a rate which 
corresponds to an enrichment in the D-aspartic acid content of 
~0.1% per year. No p-aspartic acid increase was detected in 
haemoglobin, a protein with a more rapid turnover. We 
concluded that p-aspartyl residues accumulate in the meta- 
bolically stable protein in tooth enamel during the human 
lifetime as a result of in situ racemisation. We proposed that 
the irreversible first-order rate equation calculated from the 
enamel results could be used to deduce the age of any stable 
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protein from a long lived mammal and thus the age of the 
organism itself. The error among samples from old individuals 
was large, however, probably because attrition and caries 
reduce the:amount of uncontaminated enamel, and thus tend 
to limit the usefulness of tooth enamel for age determinations. 
In this report, we show that tooth dentine is a more suitable 
material, and the extent of aspartic acid racemisation in this 
fraction can be used as a reliable indicator of mammalian age. 

Measurements of the D/L aspartic acid ratio were carried out 
on 20 samples of dentinal protein extracted, from human teeth 
whose donors ranged in age from 11 to 75 yr. Teeth were 
obtained from dentists and cleaned of any soft tissue. The 
teeth were desiccated, the roots removed, and the crowns 
ground with a mortar and pestle. Dentine fragments were 
separated by hand under ultraviolet light, because they fluoresce 
and enamel does not. The dentine fragments were cleaned by 
ultrasonication in double-distilled water and dilute HCI. They 
were then dissolved in 6 N HCI, sealed in tubes, and hydrolysed 
at 100 °C. Hydrolysis was for 6 h rather than 24 h, in order to 
minimise the amount of acid-catalysed racemisation. Since 
aspartic acid is released preferentially’ and the enantiomers 
should be equally labile, total hydrolysis of the dentine protein 
was not necessary. The hydrolysate was dried in a rotary 
evaporator and desalted on Dowex 50W-X8 cation exchange 
resin, and the fraction containing aspartic acid isolated and 
derivatised as described elsewhere. 

A plot of the dentine data is shown in Fig. 1. The least 
squares fit of the points can be expressed by the equation 


In[l + (D/L)] = 7.87(+0.39) x 10-4 yr, + 0.014 (1) 


where fa is the age of the dentine in years. The correlation 
coefficient, r = 0.979, indicates that 96% of the variation in 
the D/L ratio is accounted for by the age of the tooth. The 
standard deviation for the dentine results is +0.0034. The 
close agreement between the two 35-yr-old teeth, extracted 
from two different individuals, illustrates the reproducibility of 
the analyses. 

The first-order rate constant kasp for aspartic acid racemis- 
ation for dentine (the slope of the line in Fig. 1) falls within 
one standard deviation of the value for enamel. This indicates 
that the bulk of dentinal protein is not turned over, although 
the odontoblasts lining the pulp cavity remain viable throughout 
life and may deposit secondary dentine as a response to heavy 
wear®. The primary protein in enamel 1s non-collagenous, but 
90% of the organic matrix in dentine is composed of collagen, 


Fig. 1 Plot of In[1+(p/t)] for aspartic acid against age of the 
dentine in years (solid line). Actual ages of tooth donors are 
corrected, depending on the type of tooth, by the values listed in 
ref 3. The slope (7 87 x 10-4 yr-) of the dentine line is equal 
to kasp for tooth dentine at approximately 37°C. The broken 
lines represent the kasp values calculated for a +0.7 °C difference 
in body temperature. O, Individual of known age; A, exact ages 
unknown but estimated by dentists (these points were not used 
to calculate the least squares fit); ©, albumin; O, bovine tendon 
collagen. 
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and there is a phosphoprotein component which may account 
for 20% of the aspartic acid content of human dentine. Thus, 
we probably have three examples of metabolically inert poly- 
peptides in which the aspartyl residues show increasing 
racemisation with increasing age. Moreover, collagen comprises 
25-30% of the protein ın the human body, and it is distributed 
as connective tissue throughout every organ system. This study 
shows that ~6% of the L-aspartyl residues in metabolically 
stable protein will have racemised to the p-enantiomers by 
60 yr of age. It seems reasonable to assume that some of the 
physicochemical properties of the molecules will be altered as a 
result of this small amount of racemisation, and the effects 
should become more significant with Increasing age. If a 
similar racemisation process occurs in all metabolically 
inactive proteins, then it may be part of the complex ageing 
changes which take place in mammals. 

These results also indicate that dentine can be used, in the 
same manner as enamel, for estimating the age of a mammalian 
tooth. In many respects, racemisation analyses of dentine should 
be more reliable. First, dentine accounts for a much greater 
proportion by weight of a tooth than does enamel. In addition, 
the percentage composition of protein in dentine 1s 100 times 
that in enamel’. Thus, the chances of contaminating a sample 
are significantly reduced when dentine is analysed. Enamel is 
subject to surface alterations (attrition, bacteria, caries) 
which could affect its amino acid composition, whereas dentine 
is relatively sheltered by the enamel layer. Among people 
experiencing heavy tooth attrition, to the extent that very little 
of the crown remains after 40-50 yr, root dentine could be 
analysed. 

The analytical advantages of dentine over enamel are reflected 
by the correlation coefficients. Since the total error is (1—r?)100, 
all sources of error (experimental and contamination) amount 
to 4% in the dentine results, as compared with 15 % for enamel. 
The standard deviation of the enamel values is more than twice 
that of the dentine values. 

It is interesting that the enamel samples older than 50 yr had 
a standard deviation 2.4 times that of younger samples?. 
Although there are only four dentine samples of known age 
above 50 yr, a similar age-related increase ın the scatter occurs 
with the dentine values. The standard deviation for dentine 
analyses of teeth greater than 50 yr old 1s 0.0060, compared with 
0.0021 for teeth less than that age. Temperature is one factor 
which could cause small differences in the rate of racemisation 
between individuals. Human body temperature averages 
36.9 °C and has a range of +0.7 °C (ref. 9). This temperature 
variation would result in a change of about +12 % in the value 
of kasp (an activation energy of 33 kcalorie mol-! was used in 
this calculation’). The broken lines in Fig. 1 represent the 
estimated kasp values at 37.6 °C and at 36.2 °C. It can be seen 
that changes in the rate constant produce greater deviations 
among older tooth samples than among younger ones. Two 
standard deviations (+20) of the experimental kasp for dentine 
fall within the range of the kasp values calculated for a +0.7 °C 
difference in body temperature. Thus, the 2-3 times increase in 
the standard deviation among dentine and enamel samples 
greater than 50 yr old could be due to differences in body 
temperature among the individuals. 

The racemisation ageing method can now be used to test 
claims of unusual longevity among the populations of Georgia in 
the USSR, Hunza, and Vilcabamba, Ecuador. Given a tooth 
suitable for analysis, an age estimate will fall within +10% of 
the individual’s actual age (approximately +2c of the dentine 
distribution), and body temperature information will further 
reduce the error. We would appreciate the cooperation of 
gerontologists and dentists in obtaining tooth samples from 
these or other very old people. 

We are grateful for the cooperation of Drs J. F. Jones, 
James E. Murphy, William N. Smith and Roy Galen Slack. 
This work was supported by a grant from the National Science 
Foundation. P.M.H. is a National Institutes of Health Pre- 
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Sun and shade differences 
in productivity of reef corals 


REEF CORALS are mutualistic symbiotic associations between 
cnidarians and dinoflagellates. The algae photosynthesise and 
translocate photosynthate to the animal partner, although the 
animal is capable of heterotrophic nutrition’-®. Some reef 
corals have wide bathymetric ranges®” and the growth and 
survival of individuals in the deeper regions of the euphotic 
zone could result from an increase in the energy efficiency of the 
symbiotic complex. A number of reports document the 
laboratory-determined photosynthesis-radiation responses of 
corals®-!2 and zooxanthellae!*, but because the details of the 
habitat or depth from which the animals were collected are 
rarely described, comparisons among results in the literature 
are difficult. Here we provide evidence for the existence of ‘sun’ 
(heliophytic) and ‘shade’ (sciophytic) differences in the net 
photosynthesis-radiant flux intensity response of individuals 
of one coral species from 10 and 25m depth on the same 
reef in an atoll lagoon. 

Individuals of the foliaceous coral Pavona ‘praetorta Dana 
were collected underwater at the Marine Pier Pinnacle Reef 
300 m west of Enewetak Island (site Fred), Enewetak Atoll, 
Marshall Islands. Immediately after collection, the specimens 
were placed at the same depth in 1.5-1 Perspex containers’ 
in which net rates of photosynthesis were determined (Fig. 1). 
Oxygen production per unit chlorophyll a was measured for 
5-min intervals as a function of radiant flux intensity, and the 
data were fitted to the Michaelis-Menten equation by an 
iterative maximum likelihood solution method, which improves 
on an initial Lineweaver—Burk estimate1**}5, l 

The best fit Michaelis-Menten curves for the Pavona speci- 
mens, are plotted in Fig. 1 with 99% confidence limits (one- 
tailed Student’s ¢ test, n—-2 d.f.) for Pmax (maximum photo- 
synthetic rate) and Km (radiant flux intensity at half saturation). 
By analogy to enzyme kinetics, Km is a measure of the affinity 
of the photosynthetic system for radiant energy. The lack 
of overlap of the confidence limits indicates that the Km for 
the 25-m specimens are lower than the value for the 10-m 
specimen (Table 1). Therefore, relative to their maximum 
photosynthetic rates, the deep water individuals saturate their 
photosynthetic machinery at lower radiation intensities than 
the shallow water individual. This is analogous to the ‘sun’ 
and ‘shade’ differences documented for canopy and understory 
plants! and for phytoplankton acclimatised to high and low 
light intensities’”1®, The saturation of deep water individuals 
at lower radiation intensities ıs consistent with Margalef’s!® 
observation of greater A,, of pigments from deep water 

e 


_ Net productivity (mg O, per mg chlorophyll a per h) 


281 


Pmax Shallow 





06 08 10 12 14 16 18 2.9 
Radiant flux intensity (E m7? h7!) 


Fig. 1 - Photosynthesis—radiation intensity relationships for 
Pavona from 10m (@) and 25m (open star). E, einstein 
(= 6.02 x 1028 quanta). Ideal curves, maximum photosynthetic 
tates (Pmax), radiant flux intensities at half saturation (Km) 
and their 99% confidence limits are from maximum-likelthood 
regression analysis!#45, 25-m data are from one of the two 
replicates. Values at zero radiant flux are means: shallow 
specimen x = —1.84, s.d. = 0.29, N= 71; deep specimen 
x= —1.41, sd. = 0.27, N=117 Experiments were run 
for 26h ın situ ın Perspex chambers which were stirred con- 
tinuously and flushed with ambient water at 35-min intervals 
The instrument design was modified from that of McCloskey”?. 
Oxygen concentrations in the chambers were monitored with 
silver-platinum electrodes?? and _photosynthetically active 
radiation (400-700 nm) at the depth of the respirometers was 
measured with a quantum sensor (Lambda Instruments). 
These values were recorded continuously on strip chart recorders 
(Esterline Angus Minigraph). The electrodes were calibrated in 
air-saturated seawater and a yeast suspension in dilute sucrose 
solution, according to the tables of Green and Carritt™, and 
checked with an independently calibrated commercial oxygen 
meter (Yellow Springs Model 57). The in situ light sensor was 
calibrated with a factory-calibrated quantum radiometer 
(Lambda Instruments). After termination of the experiments, 
the corals were frozen. Chlorophyll was extracted in 90% 
acetone (20 h, dark, 5 °C) Extinctions were measured in 10-mm 
cells (Beckman Model DU Spectrophotometer), and total 
chlorophyll a was estimated by the trichromatic equations of 
Richards”. 


corals compared with conspecifics from shallow water. The 
measured difference in photosynthetic response is not likely 
to be due to spectral quality changes in the light between 10 and 
25m, because the 640-670-nm light which affects the red 
action spectrum peak of photosynthesis!* amounts to only 2% 
of the total light flux at 18 m and 0.03% at 25 m (ref. 20), a 
difference below the resolution range of our in situ light meter 
circuit. We found no difference in temperature between study 
sites, and von Arx% has estimated that atoll lagoons have 
complete water overturn every 150h, indicating that temper- 
ature stratification is unlikely. Therefore we believe that the 
differences in photosynthetic response between the two study 
sites are not temperature related. 

Franzıskeť s? data from specimens collected at 3 m indicate 
Km values higher than our 25-m specimens and within the 
range of our 10-m samples, corroborating our interpretation 
that ‘sun’ and ‘shade’ differences exist in the photosynthetic 
response of corals from high and low light regimes (Table 1). 
Evidence in support of the phenomenon comes from our in situ 
data for Plerogyra, Porites and Acropora from the Philippines 
and from Barnes and Taylor’s!? in vitro data on Montastrea 
annularis from the Caribbean (Table 1). The 18-m depth 
specimens have Km values in the range of our 25-m Pavona, 
the Montastrea from 15-m is intermediate between our 25-m 
and 10-m Pavona, and the Acropora from 3 m exhibits a Km in 
the range of Franzisket’s!! 3-m specimens and our 10-m 
Pavona. The overlap in Km among the different coral species 
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Table 1 Half-saturation constants for photosynthesis as fit to the Michaelis-Menten* equation 


Depth 
Species (m) 
P. praetorta Dana 25 
P. praetorta Dana 25. ` 
P. praetorta Dana 10 
Plerogyra sinuosa Dana 18 
Porites lutea Milne Edwards and Haime 18 
Acropora cf. arbuscula Dana 3 
Kaneohe Bay corals, Hawaiit (ref. 11) 3 
Montastrea annularis Ellis and Solander'? 15 


Each line represents a 24-h incubation of a single coral. 
*Michaelis—Menten equation: 


Km (E mh, 
Maximum likelihood One-tailed confidence limits 


estimate Lower (P < 0.01) Upper 
0.26 0.18 0.37 
0.14 0.00 0.38 
0.63 0.43 0 88 
0.18 0.10 0.26 
0.11 0.07 0.15 
1.23 0.76 1.99 
0.65 0.46 0.86 
0.41 0.21 0.67 


P= (Pmax XDiKatD or Pretative = Povserveal Pmax = IKa tD) 


tPooled data from four species: (Fungia scutaria Lamarck, Montipora verrucosa Lamarck, Porites compressa Dana and Pocillopora meandrina 
Verrill); regressions run separately were not significantly different (P > 0.05). 


suggests that, given a particular light regime, the algal photo- 
synthetic efficiency relative to the maximum photosynthetic 
rate is independent of the coral species that the algae inhabit. In 
addition, Kawaguti® found the compensation light intensity 
was related to habitat: individuals from deeper or shaded 
places showed lower values. 

The existence of acclimation to ambient light regime in 
corals suggests that extrapolation from measurements on 
individuals at one depth to the behaviour of the population 
over the whole depth range is not valid. Similarly, the efficiency 
of translocation of photosynthate from alga to animal partner 
may vary with depth. Jn situ 24-h measurements on individuals 
from a range of depths and species are needed to begin to 
resolve the question of the trophic plasticity of corals as a 
function of habitat. 
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Frost sensitivity of Zea mays increased 
by application of Pseudomonas syringae 


DRIED, powdered corn leaves (Zea mays L.) dusted on to 
the leaves of corn seedlings, will increase frost damage to 
treated seedlings relative to untreated controls at ~ —4°C 
(refs 1, 2). In a preliminary attempt to isolate the entity 
responsible for this activity, we found that water extracts 
of corn leaf powder from healthy field-grown plants caused 
as much increase in frost sensitivity when applied as a spray 
to seedling corn, as did application of the powder itself 
when ‘tested as described below. Addition of either strepto- 
mycin or tetracycline (1,000 p.p.m.) to these water extracts- 
eliminated their activity, suggesting the possible role of 
bacteria in this effect. 

Corn seedlings for frost sensitivity measurements were ` 
grown in sterilised vermiculite in a plant growth chamber 
(day: 18th, 30°C; night’ 6h, 20°C) to the 3-leaf stage. 
Plants were watered daily with nutrient solution. Ten or 
more pots (6 plants per 10-cm pot) were used for each 
treatment. Unless otherwise noted, treatment was given 
24h before freezing and the plants were held in a mist 
chamber until 20 min before freezing. Immediately before 
freezing, all pots were positioned randomly in a controlled 
temperature chamber at ~ 0°C. The air temperature was 
lowered at ~ 0.1°C min™ to —3.0°C and then at 
~ 0.04 °C min™ to —3.5~—4.0 °C. Maximal differences in. 
frost damage between treated and untreated plants occurred 
in this temperature range. The air temperature in the 
chamber was then increased at ~ 1.0°C min to 30 °C. 
Frost damage was assessed by counting the number of leaves 
per plant with symptoms of frost injury. 

Forty-two bacterial isolates of varying colony colour and 
morphology were obtained by dilution plating from water 
extracts of corn leaf powder. Each isolate was grown on 
nutrient agar, suspended in 0.1 M phosphate buffer, pH 
7.0, sprayed on to corn seedlings and assayed for the ability 
to increase frost sensitivity of corn at —3.5 to —4.0 °C. 
Only one of the 42 isolates was active in increasing the frost 
sensitivity of corn seedlings. When leaves of corn seedlings 
were sprayed with suspensions of this isolate in buffer 24h 
before freezing > 95% of the leaves were damaged at 
—3.5 to —4.0°C, whereas < 8% of the leaves of plants 
sprayed with buffer alone were damaged at this tempera- 
ture On the basis of its response to standard physiological 
tests’*, this isolate was identified as Pseudomonas syringae 
van Hall, a species that includes strains pathogenic to a 
large number of diverse host plants including corn”. We 
have not observed pathological symptoms even when corn 
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plants were held without freezing for up to 10d after 
inoculation. 

For ~ 8h after application of the bacteria, the frost 
sensitivity of corn plants did not increase. It increased 
steadily from ~ 8h until ~ 24h (Fig. 1), after which little 
change occurred for at least 5d. The amount of frost 
damage observed in seedling corn plants increased with 
increased P. syringae populations applied’. At each time 
interval shown in Fig. 1, more leaves sprayed with 4x 10° 
cells ml"! were damaged than those sprayed with 4x 10* 
cells ml™. As indicated in Fig. 2, suspensions as dilute as 
1.5X10' cells ml-' caused significant increases in frost 
sensitivity (75% damage for plants held under mist for 24h 
before freezing). Application of higher P. syringae popula- 
tions (~ 10° cells mI’ with wet leaves or 10° cells ml with 
dry leaves) resulted in frost damage to nearly all leaves; 
untreated control plants showed damage to fewer than one 
leaf in 12. Plants held in a mist chamber for 24h between 
application of cells and freezing, sustained greater frost 
damage at all applied cell densities than plants left dry 
during this period. The increase in frost sensitivity both 
with moisture and with time suggest that either growth of 
the bacteria or movement to some favourable site(s) on 
or in the leaves, or both, are important in enhancing frost 
sensitivity. 

Sixty-four of the 67 tested isolates of P. syringae increased 
the frost sensitivity of corn seedlings. Three of five isolates 
of the closely related species, P. coronafaciens’ also were 
active, whereas one isolate each of P. tabaci, P. glycinea, 
P. phaseolicola, P. marginalis, four isolates of Erwinia 
stewartii and one of Escherichia coli were not active. 

Even plants very sensitive to frost can withstand tempera- 
tures slightly below 0 °C (refs 8-11) because of the super- 
cooling of intracellular water. Frost damage to such plants 
in the field has been reported to occur at ~ —2-—5 °C, 
presumably by explosive crystallisation of supercooled 
intracellular water*. Similarly, almost all our growth 
chamber-grown plants with P. syringae on their leaves were 
killed at —4 °C (Fig. 2). Plants lacking leaf surface popula- 
tions of P. syringae, however, were not substantially 
damaged until the temperature reached was ~ —8.0 °C 
(Fig. 3). Thus, our P. syringae-treated plants seem to be 
almost equal in frost sensitivity to plants in the field. It is 
our growth charmber-grown controls, lacking leaf popula- 


Fig. 1 Effect of the duration of the time between application of 

P. syringae and freezing on frost injury. Three-leaf-stage corn 

seedlings were sprayed with cell suspensions of 4x 10°( A) or 

4x 10° (O) cells ml~ in 0.1 M phosphate buffer pH 7.0 (0.5 ml 

per plant) and incubated in a mist chamber for the times shown 

on the abscissa before freezing. The vertical bars represent the 
s.e.m. 
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Fig. 2 Effect of applied P. syringae populations on frost injury 

to corn seedlings. Three-leaf-stage corn seedlings were sprayed 

with cell suspensions in 0.1 M phosphate buffer pH 7.0 (0.5 ml 

per plant) and held in a dark mist chamber at 24 °C (O) or left 

dry in the dark at 24°C (A) for 24h before freezing. The 
vertical bars represent the s.e.m. 


tions of P. syringae, that differ substantially from field- 
grown plants with regard to frost sensitivity. 

Although the importance of ice nuclei in initiating ice 
crystallisation, and thus frost damage, has been recognised", 
the nature and source of these ice nuclei remain unknown. 
Maki er al." have reported that P. syringae is active as an 
ice nucleus at temperatures as warm as —2 to —3 °C. We 
have found that all 64 isolates of P. syringae and all 3 of 
P. coronafaciens which increased frost sensitivity of corn 
were also active in ice nucleation at —5 °C or above as 
measured by a modification of the procedure of Vali’*. All 
isolates which did not increase the frost sensitivity of corn 
(including the 41 inactive isolates from water extracts of 
corn leaf powder) were not active in ice nucleation at 


Fig. 3 Frost sensitivity of corn seedlings lacking leaf surface 

populations of P. syringae. Three-leaf-stage corn seedlings were 

placed in a controlled environmental chamber at 0 °C and were 

cooled at the rate of ~0.05 °C min. Groups of plants were 

removed from the chamber at temperatures shown on the 

abscissa and placed in a growth chamber at 30 °C. The vertical 
bars represent the s.e.m. 
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—5 °C. Thus, the decreased frost sensitivity of our un- 
treated control plants may be caused by supercooling to 
temperatures below those that are possible in the presence 
of active bacterial ice nuclei (for example, P. syringae). 

The part played by epiphytic bacteria in promoting frost 
sensitivity has not been recognised previously. Large 
epiphytic bacterial populations exist on the leaves of most 
plants". P. syringae has been reported as a component 
of these epiphytic populations on host and non-host 
plants‘ "=", Thus, it may be that ‘natural’ frost sensitivity 
of many plants is influenced, or even determined, by the 
presence of P. syringae and possibly certain other epiphytic 
bacteria. 

We thank Dr Arthur Kelman for use of his extensive P., 
syringae culture collection, for assistance in identifying our 
P. syringae isolate, and for many helpful ideas during this 
investigation. We also thank Dr B. M. Lund for providing 
the P. coronafaciens isolates used here and for her helpful 
suggestions. 
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Fog basking by the Namib Desert 
beetle, Onymacris unguicularis 


THe Namib Desert along the south-western coast of Africa 
supports a sand dune fauna without counterpart elsewhere 
in the world'. The trophic base of the arthropod fauna is 
wind-blown detritus’. Aperiodic advective fog collection 
from vegetation’ or detritus’ is a possible source of water 
for diverse Namib animals. For the specialised fauna living 
in vegetation-less dunes, fog collection from detritus‘, dis- 
turbed sand projections’, directly from humid air’, or from 
water precipitated on the body‘, seem to be the only 
possible water uptake methods. Water uptake from 
saturated or subsaturated air, demonstrated for a few 
arthropod species", is not a physiological capability of 
Namib tenebrionids already investigated'’*”’. 

Here we report field observations of direct water uptake 
from fog precipitated on the body of the tenebrionid beetle, 
Onymacris unguicularis. In early October 1975 we estab- 
lished a study area on sand dunes south of the Kuiseb River 
at Gobabeb (23°34’S, 15°03’E, elevation 408m), South 
West Africa, and continued observations through January 
1976. On a series of small linear dunes all O. unguicularis 
were collected and marked with small (diameter 2.5 mm) 
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numbered disks glued to the thorax. The study area, includ- 
ing 5km of dune ridges, was traversed every afternoon, 
during the peak activity period of these beetles. We took all 
beetles collected to the laboratory, weighed them, and re- 
turned them to their dunes within 2h of capture. The 
beetles either burrowed into dune slipfaces when returned 
or remained active, feeding on detritus for an hour or more 
before retiring to subsurface sands. Collections were re- 
peated daily and numbering continued until over 90% of 
all beetles collected were numbered individuals. Re- 
collection of marked individuals was facilitated in this 
environment because, in spite of the large spatial dimension 
of the study area there is no vegetation and these large 
(13-22 mm) black beetles stand out against the reddish 
sand substrate. 

Ordinarily O. unguicularis are diurnal, preferring the 
warm part of day, and remaining buried in the sand of dune 
slipfaces overnight. But during nocturnal fogs they emerge 
and climb the slipface to the crest. There they take a charac- 
teristic head-down stance (Fig. 1), facing into the fog-laden 
wind. Dune slipfaces oriented into the wind also intercept 
fog. Beetles emerging there adopt the typical head-standing 
posture where they emerge. 

As water collects on these beetles it trickles down the body 
to the mouth. Actual uptake of water was established by 
collecting beetles at the end of the head-standing perfor- 
mance, when they burrowed into subsurface sands. They 
were then taken to the laboratory and allowed to dry for 2 h. 
All adhering sand grains were removed with a brush and the 
beetles were weighed. Fog water uptake ranged from an 


Fig. 1 a, Windward view of Onymacris unguicularis in a typical 

fog-collecting stance. b, Another individual at the usual fog- 

collecting site, the crest of a sand dune. Note the water collected 
under the head, which is being drunk. 
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Table 1 Fog water gain expressed as percentage weight change of total body weight following fogs of various strengths on the Namib Desert 


Fog 
Date (mm) Mean 
October 14, 1975 0.50 + 13.36 
November 5, 1975 0.35 + 0.49 
November 25, 1975 0.10 + 433 
November 29, 1975 0.65 + 7.25 
December 1, 1975 0.10 + 0.97 


Weight change (%) 
Corrected 

mean Minimum Maximum N 
+14.50 +3.57 +34.01 24 
+ 1.63 —1.99 + 10.48 32 
+ 5.47 —5.76 +16.31 52 
+ 8.39 —2.19 +20.79 33 
+ 2.11 —2.46 + 4.91 16 


ae 
The correction factor of 1.14% determined to be the mean overnight weight loss without fog has been added to the mean to provide a 
corrected mean weight change during fog more closely approximating the actual uptake of fog water but is not applied to the maximum and 


minimum weight changes. 


average of 12% to no gain for various fogs (Table 1). The 
maximum weight gain by an individual in a single fog was 
34%, of total body weight before the fog. These values are 
for beetles captured and weighed the evening before a fog, 
and recaptured the morning immediately following the fog. 

To determine the weight changes from evening weighing 
to morning weighing in the absence of an intervening fog, a 
control sample of beetles was weighed, marked and placed 
on a dune in the evening, then recaptured the following fog- 
less morning. Of 48 such recaptures all but three individuals 
lost weight (¥ change — 1.14%, range —3.00% to +0.72%). 
Thus any mean weight increase by a population of beetles 
overnight during a fog can be assigned to uptake of fog 
water. 


—Darkness+ «— Daylight 
+—Fog— 
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Fig. 2. The timing of activity by O. unguicularis on November 12, 

1975. The open colums represent individuals holding the fog- 

collecting posture. The dark colums are individuals actively enga- 

ged in other activities. The maximum number of active individuals 
at any time was 45 on this date. 
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Fog basking by O. unguicularis occurs at times when they 
are not ordinarily active (Fig. 2) They may emerge any 
time during the night that wet fogs occur. Their usual forag- 
ing periods occur during the morning and late afternoon, 
coinciding in the afternoon with the strongest winds which 
transport the detritus on which they feed. 

Onymacris unguicularis is active throughout the year and 
thus encounters variable intervals between fogs. Fogs as 
light as 0.1mm on the Gobabeb fog screen elicited fog 
basking. 

Another group of Namib dune tenebrionid beetles, genus 
Lepidochora, living near Gobabeb build ridges in the sand 
to catch water’ and we have observed spiders, lepismids and 
other tenebrionids active on foggy mornings. Direct collec- 
tion of fog water seems to be important in the water eco- 
nomy of some Namib Desert animals, and to involve in 
certain cases highly developed methods. 

We thank Drs E. B. Edney and M. D. Robinson for valu- 
able comments. This study was supported by the CSIR and 
Transvaal Museum (M.K.S.) and the National Science 
Foundation (W.J.H.). The permission to conduct this study 
from the Nature Conservation Department, South West 
Africa, is gratefully acknowledged. 
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Nucleating agents in the haemolymph 
of insects tolerant to freezing 


Many insects that survive the winter in cold, exposed 
habitats in arctic or temperate regions are sensitive to 
freezing. These insects usually have supercooling points 
below —15 °C, and their capacity for supercooling has been 
shown to increase considerably with increasing concentra- 
tions of glycerol in their body fluid’. On the other hand, 
adult insects that are tolerant to freezing (‘freeze tolerant’) 
seem to freeze invariably at high subzero temperatures 
(from —6 to —10 °C), without regard to the concentration 
of glycerol and other polyols in their body fluid?*. We report 
here that haemolymph from freeze-tolerant adult beetles 
contains a substance, which induces freezing in the haemo- 
lymph at about —6.5 °C. Haemolymph from freeze-sensitive 
species seems to lack this substance. Such substances 
probably constitute the physical basis of the remarkably 
high supercooling points of freeze-tolerant adult insects. 

During the winter of 1975 we found that several species 
of tenebrionid beetle, inhabiting the mountain areas of 
southern California, were tolerant to freezing. These beetles 
had supercooling points from —5.5 to — 7.0 °C, whereas 
freeze-sensitive beetles froze at temperatures from —12 to 
—20 °C. Preliminary experiments showed that 5-41 samples 
of isolated haemolymph from freeze-tolerant (Eleodes 
blanchardi Blaisd.) and freeze-sensitive (Iphthimus 
laevissimus Csy.) tenebrionids froze within the same 
temperature range as did the respective intact beetles. 
Mixtures of haemolymph from the two species, however, 
also froze within the range of the intact freeze-tolerant 
beetles, even when the haemolymph of this species con- 
stituted as little as 5% of the volume of the mixture. These 
observations indicate that haemolymph from freeze-tolerant 
E. blanchardi contains nucleating agents, which induce 
freezing at a few degrees below zero, and which probably 
cause the low supercooling capacity of these beetles. Similar 
nucleating agents might be the cause of the high super- 
cooling points reported for other freeze-tolerant beetles. 

If freezing at high subzero temperatures is physiologically 
important to freeze-tolerant insects, they would be expected 
to contain nucleating agents, except in cases where freezing, 
as described by Salt’, is initiated by inoculation. To 
investigate the distribution of nucleating agents, we took 
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Table 1 Supercooling points of intact beetles and of samples of 0.9°% solution of NaCl containing haemolymph from beetles 
of the same species 


Supercooling points (°C) 


Locality 
and season Freeze Intact 0.9% NaCi+ 
Species of collection tolerance beetles* haemolympht 
Eleodes blanchardi Blaisd. M, W + — 6.3+0.6 (n = 8) — 5.70.3 (n = 4, m = 12) 
Eleodes blanchardi Blaisd. M, S = — 9.3 (n= 1) —15.3+3.1 (2 = 2, m = 7) 
Eleodes omissa LeC. ssp. pygmaea Blaisd. C, S ? — —18.0+2.6 (n = 1, m = 4) 
Coelocnemis magna LeC. M, W + — 6.4 (n= 1) — 6.3+0.6 (n = 1, m = 3) 
Coelocnemis magna LeC. M, S — — 6.8 (n= 1) — 6440.0 (n = 1, m = 4) 
Coelocnemis magna LeC. Gs ? — —18.64-1.7 (n = 1, m = 4) 
Coelocnemis californicus Mann. M, W kS — 6.8+0.4 (n = 2) — 5.9+0.2 (n = 1, m = 3) 
Coelocnemis californicus Mann. M, S -- — 8.8+1.1 (r= 2) —14.4+2.5 (n = 2, m = 8) 
dphthimus laevissimus Csy. M, W — —15.9+1.7 (n = 3) —17.1+2.8 (n = 2, m = 6) 
Rhagium inquisitor L. N, W — —17.0+2.1 (n = 5) —18.2+5.4 (n = 1, m = 4) 
aaa L 


Beetles of the genus Coelocnemis are classified according to Doyen’. 


M and C, beetles collected in the mountains and on the coast in southern California, respectively; N, beetles collected in Norway; S and W, 


beetles collected in summer and winter, respectively. 
*Mean + s.d. of n beetles. 


tMean + s.d. of m parallel 5-ul samples of NaCl solution, containing about 5% of haemolymph obtained from n beetles. Samples of 
NaC! solution were kept inside thin glass capillaries, and the haemolymph was added by means of a microsyringe. Supercooling points were 
determined by cooling at a rate of 20 °C h~, while the temperature was measured by means of a copper-constantan thermocouple. Supercooling 
points were indicated by a sudden increase in temperature, due to the release of heat of fusion of water. 


samples of haemolymph from several species of beetles 
representing different kinds of water survival, and 
examined their effect on the supercooling points of samples 
of 0.9% solution of NaCl. The survey included both freeze- 
tolerant and freeze-sensitive species, which were collected 
in the mountains of southern California and around Oslo. 
We also included beetles collected on the coast near San 
Diego, where they are probably never exposed to subzero 
temperatures. Beetles were collected in summer and winter 
and kept in the laboratory at +4 °C and +20 °C, respec- 
tively, for up to 1 month. They were fed on dry oak leaves 
and pieces of apple, but starved for 1-2 d before being used, 
to prevent possible nucleators in the gut contents from 
influencing the supercooling points of the intact beetles. To 
judge whether beetles were freeze tolerant or not, we cooled 
them at a rate of about 20°C h™ until they froze spon- 
taneously. When the temperature of a freezing beetle had 
returned to its supercooling point, it was thawed slowly. To 
be classified as freeze tolerant, the beetles had to behave in 
an apparently normal way during the following 2d, while 
kept at room temperature. The beetles here classified as 
freeze sensitive all looked dead after thawing, and they did 
not recover during the period of observation. 

The results in Table 1 show that haemolymph from all 
freeze-tolerant beetles induced freezing in the NaCl 
solutions at temperatures of —5.4-—6.9 °C. During summer 
these beetles became sensitive to freezing, and at this time 
the freezing-inducing effect of their haemolymph was 
usually lost too, One exception was a freeze-sensitive 
Coelocnemis magna LeC.*, which was collected in the 
mountains in the summer, and which had nucleating agents 
in its haemolymph. No other beetles had haemolymph which 
altered the supercooling points of NaCl solutions 
significantly, indicating that the haemolymph of these 
species lacked nucleating agents. The coastal species were 
not examined with respect to freeze tolerance, but they were 
presumably freeze sensitive. These results suggest that only 
freeze-tolerant species have nucleating agents in their 
haemolymph, and that these agents are usually present in 
winter only. 

Table 1 shows that summer beetles of the freeze-tolerant 
species, which lacked nucleating agents in their haemo- 
lymph, had supercooling points 1-3 °C lower than beetles 
collected in winter. This indicates the presence of other, 
possibly intracellular, nucleating agents, the effect of which 
would be masked by the nucleating agents in the haemo- 
lymph during winter. 

When freeze-tolerant E. blanchardi were kept at +20 °C 


for 2 weeks (not shown in Table 1), they became sensitive 
to freezing. The nucleating effect of their haemolymph, 
however, was still present, and the supercooling points of 
the intact beetles did not change, indicating that freezing 
at high subzero temperatures in itself does not make the 
beetles freeze tolerant. Furthermore, it reveals that in these 


Fig. 1 Supercooling points of solutions of NaCl (©) and glycerol 
(A), solutions of NaCl (@) and glycerol (A) containing 5% of 
haemolymph from freeze-tolerant Eleodes blanchardi, and 
solutions of NaCl (®) containing 5% of the same haemolymph 
previously heated to +100 °C for 5 min, all plotted as a function 
of the osmolality of the solutions. Each point is the mean of 
4-12 parallel 5-ul samples, and the bars represent the standard 
deviation. The regression line of points representing solutions 
containing native haemolymph is indicated by the solid line, and 
the theoretical melting points are indicated by the dashed line. 
The osmolality is calculated from the concentration of solute 
according to data from the Handbook of Chemistry and Physics®. 
The change in osmolality caused by the addition of haemolymph 
to the solutions is small and has not been adjusted for in the 
calculations. 
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circumstances there is a time lag between the inactivation of 
the nucleating agents and that of other factors which cause 
freeze tolerance in the beetles. A similar time lag might 
explain the presence of nucleating agents in the haemo- 
lymph of the freeze-sensitive C. magna (Table 1). 

To learn more about the properties of the ice nucleators 
in the haemolymph, we examined the effect of haemolymph 
from E. blanchardi on the supercooling points of solutions 
of NaCl and glycerol. Several concentrations of solutes were 
used, so that the osmolality varied from near 0 to about 
2 osmol. Corresponding values of osmolality and supercool- 
ing points of both pure solutions and solutions containing 
haemolymph are shown in Fig. 1, which shows that 
haemolymph from E. blanchardi caused a considerable 
increase in the supercooling points of the solutions. The 
supercooling points of solutions containing haemolymph 
are linearly related to the osmolality, and the points repre- 
senting NaCl and glycerol solutions lie on the same line, 
indicating that the effect of glycerol is due only to its 
osmotic activity. The calculated regression line for all points 
representing solutions containing haemolymph has the 
formula 

y = —5.3—1.95x 


The slope of this line (—1.95 °C per osmol) is approximately 
the same as the osmolal freezing point depression (—1.86 °C 
per osmol), which is indicated by the dashed line on Fig. 1. 
Thus the supercooling capacity of solutions containing 
haemolymph does not change significantly as the osmolality 
of the solution changes, indicating that the nucleating 
agents induce freezing at a certain degree of supercooling, 
regardless of the osmolality of the solutions. This degree of 
supercooling corresponds to the difference in ordinate 
values of the two lines, that is 5.3 °C. The dispersion of the 
points around the regression line is remarkably low, suggest- 
ing that when the solutions are supercooled by 5.3 °C, there 
is a large increase in the statistical probability that an ice 
nucleus will form. 

By heating the haemolymph to +100 °C for 5 min before 
it was added to the solutions, the supercooling points were 
lowered markedly, indicating that the nucleating agents 
are temperature sensitive. Some nucleating effect was still 
present, however, since the new supercooling points were 
still above those of solutions without haemolymph. 

Freeze tolerance in adult insects has been known only 
during the past few years, and little is known about the 
mechanisms involved. Data from different kinds of freeze- 
tolerant organisms, including beetles’, indicate that ice 
formation is limited to the extracellular compartments, and 
that extracellular ice protects the organisms against intra- 
cellular freezing, which is believed to be injurious. Accord- 
ing to this model, extracellular ice, which is considered to 
be unable to penetrate cell membranes, concentrates the 
extracellular solutes and causes an osmotic flux of water out 
of the cells. Thus, at sufficiently low freezing rates, allowing 
water to leave the cells as the freezing proceeds, the 
intracellular as well as the extracellular fluid would be kept 
at or near its melting point’. Consequently, the probability 
of an injurious intracellular freezing would become very 
small. The presence of nucleating agents in the haemolymph 
of freeze-tolerant beetles, ensuring extracellular freezing at 
high subzero temperatures, gives further support to this 
model. 
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Induction of male recombination in 
Drosophila melanogaster by injection of 
extracts of flies showing male recombination 


MorGAn!? was the first to report that no spontaneous re- 
combination occurs in males of Drosophila melanogaster. Since 
then recombination has been induced in D.melanogaster males 
by various treatments*, for example, X rays. In an attempt to 
study the control of recombination in D. melanogaster, Reddi 
et al. injected males with ovarian extracts and, surprisingly, 
induced recombination. Subsequent attempts to repeat this 
experiment failed*®, It is known that some natural populations 
of D. melanogaster show spontaneous male recombination’, 
and it has been suggested that this may be caused by episomes 
or viruses**", It is therefore possible that these male 
recombination-inducing factors could be transferred by in- 
jection, and that the failure to reproduce these results? might 
have been due to the use of strains lacking such factors. We 
have pherefore tested whether or not male recombination could 
be induced by injecting extracts of flies from strains showing 
male recombination into flies lacking male recombination. 

An extract of OK/ flies, a strain from Oklahoma that shows 
male recombination!?, was prepared by homogenising together 
10 each of newly emerged males and females in 4ml of 
Drosophila Ringer solution, and centrifuging at 2,000 r.p.m. 
for 2min. The supernatant was injected into virgin females 
which were homozygous for the recessive chromosome markers, 
dp b cn bw; ve (dumpy wings, 2-13.0, black body colour, 2-48.0, 
cinnabar eye colour, 2~57.5; brown eye colour, 2-104.5; veinlet 
wings, 3-0.2) until their abdomens were visibly distended. 
These females were mated individually to Canton-S (CS) males, 
a wild-type strain which when crossed to the marker strain 
gives F, males that produce no recombinants. The heterozygous 
male progeny were mated individually to dp b cn bw; ve females 
every 3-5 d for a total of four transfers. Their progeny were 
then scored for second chromosome male recombination. All 
presumptive recombinants were tested by backcrosses to dp b cn 
bw; ve flies. Control flies were injected with CS fly extract or 
Drosophila Ringer solution. 

The results are summarised in Table 1. Male recombination 
occurred only in sons of females injected with OK/ extract. The 
pattern of recombination along the second chromosome 
(Table 1) was similar to that found in OK//dp b cn bw males", 
in that the events occurred mainly in the centromeric region 
(b-cn) and in the right arm (cn-bw). In addition, the distribution 
of recombination events does not fit a Poisson distribution 
(index of dispersion x;,2 = 163.5, P < 0.001). Some of these 
induced recombination events therefore occurred as clusters, 
suggesting a premeiotic origin. A similar observation has been 
made with OK//dp b cn bw flies (unpublished results of R. C. W. 
and J. N. Thompson), It should also be noted that the factor(s) 
causing male recombination could be transmitted over at least 
one generation. 

In a second experiment 1—2-d-old CS/dp b cn bw; CS/ve males 
were injected withan OK/ ovarian extract prepared by dissecting 
100 fertilised OK/ ovaries into 0.1 ml of a 0.4% saline solution, 
homogenising and centrifuging at 14,500 r.p.m. for 12 min. 
Control males were injected with a similarly prepared CS 
ovarian extract, or were left uninjected. After 1 or 2 d, injected 
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males were mated individually to dp b cn bw; ve virgin females 
for 4 d and then were remated every 3 d to fresh dp b cn bw; ve 
virgin females for five broods. The progeny were scored for 
second chromosome male recombination. 

The results (summarised in Table 1), support those of the 
first experiment, and suggest that the factor(s) can be transferred 
by ovarian extracts. 

As a further statistical test on the combined data from this 
study, a Fisher’s exact test was performed on the number of 
OK! extract-treated males that produced any recombinant 
progeny (10/102) compared with the corresponding number of 
control males (CS and Ringer-injected) (0/202). These results 
show that significantly more treated males showed recombina- 
tion than did control males (P = 0.000025). 

The results of the previous attempts*® to induce male 
recombination by ovarian extract injections can be explained if 
Reddi et al.* injected an ovarian extract from flies showing male 
recombination, and the others®® did not. Further experiments 
are planned to investigate the nature of the male recombination- 
inducing factor in the extracts of OK/ flies. 

We thank Prófessor J. M. Thoday and Drs M. Ashburner, 
J. Holden and G. P. Richards for discussions and suggestions, 
and Miss A. Forster for technical assistance. 

Note added in proof: Slatko and Hiraizumi (personal 
communication), using a D. melanogaster line that contains 
the Male recombination element, have observed results similar 
to those in this article. 
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Initiation of meiotic maturation 
in Xenopus laevis oocytes by lanthanum 


PROGESTERONE can induce true maturation of isolated 
amphibian oocytes in vitro’. It has been found recently that 
the ionophore A23187, in the presence of high magnesium 
or calcium concentrations, can also promote meiosis 
in vitro, and it has been observed that 0.5-1 mM pro- 
pranolol and some related compounds, are potent inducers 
of maturational events in Xenopus laevis oocytes’. This last 
result suggests that displacement of membrane calcium 
might be involved in maturation, because this is known to 
occur in other systems treated with high concentrations of 
propranolol‘. We have therefore studied the action of La”, 
since this ion is expected to act specifically at the superficial 
plasma membrane calcium sites’. We report here that 
maturation is induced by La**, indicating strongly that 
calcium ion movements have a role in the initiation of 
oocyte maturation. 

Ovarian tissues were removed from Xenopus laevis 
females through a small incision made on the lateral 
abdominal wall. To obtain fully grown oocytes free of follicle 
cells, the ovaries were treated with collagenase®. In each 
experiment, all oocytes were obtained from the same animal. 
The experiments were conducted at room temperature, in 
a modified Ringer solution to which La** was added as the 
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Table 1 Maturation of Xenopus laevis oocytes, as indicated by 
germinal vesicle breakdown, after continuous exposure to lanthanum 
or progesterone 





Female 

Treatment A B 
Modified Ringer 0 0 0 
La**(mM) 0.01 — — 0 
0.1 — 2 
0.5 — = 3 
1 0 5 

2.5 50 — 
5 60 55 72 
10 75 62 92 

La** (mM) 10 

+ cycloheximide (100 pg mi-*) 0 0 0 
Progesterone (1 pg ml~*) 97 100 91 
past whee i A en a 


One hundred isolated oocytes were used for each set of conditions. 
The table shows the number of matured oocytes after 15 h incubation. 
La**+ was administered in solution as the chloride salt in Ringer 
solution containing no bicarbonate buffer. 

—, Not tested. 


chloride salt. La’* at 5 or 10mM promotes maturational 
events in Xenopus laevis oocytes (Table 1). The maturation 
is not abortive, since microscopic examination reveals the 
existence of the spindle moving to the cortex (Fig. 1). La’*- 
induced maturation presents several other characteristics 
common to progesterone-induced maturation. The break- 
down of the germinal vesicle takes place after about the 
same length of incubation, and maturational responses to 
both agents are inhibited by cycloheximide (Table 1; ref. 7); 
La’*, like progesterone, is not able to induce maturation 
when injected inte the oocytes (data not shown). 
Furthermore, a similar preferential protein synthesis is 
activated by progesterone and La®**. It has been shown pre- 
viously that during progesterone-induced maturation in 
vitro, several electrophoretically defined soluble proteins are 
increased selectively". We studied this effect by double label- 
ling of proteins, injecting “H-leucine into treated oocytes 
(maturing) and “C-leucine into contro] oocytes (resting) 


Fig. 1 Meiotic metaphase of oocyte in which maturation was 

induced in vitro by La**+, at S mM (chloride salt). Magnification 

x 800. The oocyte was fixed in Smith’s solution. Sections 

(7 um) were stained with Feulgen’s reagent and counterstained 
with light-green. 





290 


(Fig. 2). Control/control experiments with injection of *H- 
and “C-leucine into non-treated oocytes did not show any 
peaks, and the *H/“C ratio of electrophoresed proteins was 
normalised to 1. The same pattern of induced proteins was 
observed when La™ was substituted for progesterone (Fig. 
2). In each case, two distinct peaks were found, with several 
smaller peaks in between. For both these agents, the increase 
above the control *H/“C ratio was 150-200% for the small 


Fig. 2 Normalised gel electrophoresis patterns of proteins during 
maturation induced by progesterone (A) and La** (W). The 
curves show *H/'C ratios, expressed as the percentage increase 
above the controls (@). Labelling was for 2 h beginning approxi- 
mately 15 h after continuous exposure to progesterone or La®*. 
Twenty-five matured oocytes were injected with 70 nl of ®H-Leu 
and 25 non-treated oocytes were injected with 70 nl of "C-Leu. 
Control/control (@) was performed by injecting 25 non-treated 
oocytes with *H-Leu and 25 other non-treated oocytes with 
“C-Leu (*H-Leu, 55 Ci mmol~!; “C-Leu, 324 mCi mmol”, 
Amersham). Appropriate amounts of non-radioactive amino 
acids were added to obtain identical concentrations of *H- and 
“C-amino acids and a *H/"C d.p.m. ratio of about 10. Treated 
and control oocytes were pooled and homogenised in 2 ml of 
saline solution. The 105,000g supernatant was obtained and 
dialysed as reported previously*. Sodium dodecyl sulphate 
(0.1 %)-polyacrylamide gel (6%) electrophoresis was performed 
under 2 mA per tube for 20 min and then 5 mA per tube (migra- 
tion towards anode on the left). Gels were re-electrophoresed 
in 7% acetic during 2 h and sliced immediately. Soluene (0.5 ml) 
was added and the supernatant left for 3 h at 50 °C. Radioactivity 
was then counted in an appropriate scintillation mixture. 
Left peak, histones migrate at this level; right peak (higher 
molecular weight), molecular weight greater than 100,000. 
Other details are in ref. 12. 
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molecular weight peak and 130-150% for the large 
molecular weight peak. 

Incubation in Ca** alone in high concentration does not 
lead to maturation’. Although ionophore A23187 induces 
maturation in amphibian oocytes given certain conditions 
of divalent ionic concentration’, La** seems to be a more 
appropriate agent to investigate the possible involvement of 
Ca** in this, and other systems’’. High concentrations of 
extracellular La’* displace external membrane calcium, and 
block both Ca** uptake and efflux, resulting in a release of 
internal sequestered Ca** (ref. 5), Our finding that La’ 
induces maturation makes it likely that Ca’* is involved in 
the initiation of maturation. Since injected Ca** is without 
effect”, however, it must be that the Ca’? movements 
involved are highly regulated, or need to be sustained 
during the period of maturation. Injected La’* is without 
effect, probably because it is unable to react with the 
appropriate membrane sites. 

The present results imply that progesterone, the likely 
physiological inducing agent", acts at specific membrane 
sites, leading to well defined movements of Ca** inside the 
cell. The altered Ca** distribution would in turn be the 
intermediary step for the series of further events promoting 
maturation. 

This work was supported by grants from the SNSF and 
WHO. We thank Dr G. Jones for help with the preparation 
of the manuscript, Dr Y. Timowska for scientific assistance 
and Mrs M. Romios for technical help. 
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Benzpyrene induces sister chromatid 
exchanges in cultured human lymphocytes 
A wibe variety of chemical mutagen/carcinogens induce 


sister chromatid exchanges (SCE) in cultured Chinese ham- 
ster cells and can thus be studied at the chromosomal 
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level’? Certain polycyclic hydrocarbons, such as benzo(a)- 
pyrene, 3-methylcholanthrene, dimethylbenzanthracene and 
others are important in the aetiology of human bronchial 
carcinoma’. The substances are not themselves carcinogenic, 
but are converted to carcinogenic epoxides by the enzyme 
arylhydrocarbonhydroxylase.* Epoxides bind non-enzy- 
matically to DNA, unless they are converted enzymatically 
to inert water-soluble metabolites by epoxide hydratase’ and 
glutathione-S-transferase®. The carcinogenic effect of poly- 
cyclic hydrocarbons is closely connected with the regulation 
of the enzyme activities and genetic variability can thus be 
expected. It has been observed at the population level by 
family studies’ and at the cellular level by biochemical 
differences in the hydrocarbon-degrading enzyme system’. 
We have investigated the possible induction of sister chro- 
matid exchanges by benzo(a)pyrene and show that the 
rate of SCE does not correlate with different rates of 
benzpyrene metabolism. We therefore suggest that genetic 
differences in benzpyrene metabolism are unrelated to 
genetic variation in the predisposition to bronchial 
carcinomas. 

We tested the intracellular benzo(a)pyrene (BP) 
metabolism by measuring the formation of tritiated H:O- 
soluble products from *H-BP in cultured lymphocytes 
isolated by a Ficoll-Hypaque gradient as described in Fig. 
1. An inhibitor of the monooxygenase system’, alpha- 
naphthylflavone (ANF, 5g ml"') was used as a control. 
We found wide individual differences in BP metabolism 
among 22 individuals. The one with the highest metabolic 
activity (WW) showed 3.8+0.5 times the activity of the 
lowest (HR) in each of six independent determinations. 
ANF reduced the amount of water-soluble products to 
background levels in both. 

To determine sister chromatid exchange rate (SCE), 10° 
isolated lymphocytes were incubated in 5ml of chromo- 
some medium Ia (Gibco) together with 5-bromodeoxy- 
uridine (BUdR) (30 ug m1~*) for 70h at 37 °C in the dark. 
Parallel assays were made in duplicate with 10°°M BP and 
55 ug ml’ ANF. Chromosomes were prepared by standard 
techniques and the slides were stained with acridine orange 
(125 ug ml’) in phosphate buffer at pH 6.0 and analysed 
by fluorescence microscopy. 

The results are summarised in Fig. 1. The SCE rate 
nearly doubled after incubation with BP, but not in the 
presence of ANF (55 ag ml‘). This concentration inhibits 
the formation of water-soluble products by more than 95%. 
Benzpyrene failed to induce SCEs when it was present for 
only 30h of culture, instead of the usual 70h, and it did 
not influence the total number of second generation meta- 
phases found at 70h. The fast (WW) and the slow (HR) 
BP-metabolising individuals did not differ in the rate of 
SCE induction. 

This result, at first surprising, corresponds to differences 
in BP metabolism between different strains of mice which, 
nevertheless, do not differ in the rate of benzpyrene-induced 
tumours™™™, The inhibition of the first BP-oxidising step 
(AHH) by ANF prevents the carcinogenic effect of BP as 
indicated by the normal SCE induction. The similar SCE 
induction between the high (WW) and the low (HR) BP- 
metabolising individuals (Fig. 2) indicates, however, that 
BP metabolism and carcinogenesis are not related in a 
simple, proportional way’. A high rate of benzpyrene con- 
version cannot serve as an indication of the effective con- 
centration of carcinogenic epoxides and their effects on 
DNA. The formation of water-soluble products from BP 
only indicates that BP is being degraded, but does not give 
any information about the current levels of ultimate 
carcinogens formed during this steady-state process. How 
much epoxide binds to DNA is also unknown. Finally, we 
do not know how much epoxide is removed by DNA repair 
and how much remains fixed in the DNA following the 
next replication. 
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Fig, 1 Induction of sister chromatid exchanges (SCE) by 
benzypyrene (BP) and its inhibition by alpha-naphthylflavone in 
lymphocyte cultures with different rates of intracellular BP 
metabolism. Lymphocytes were isolated from 20 ml of hepar- 
inised blood by a Ficoll-Hypaque gradient™* which yielded a 
70-85% pure preparation of about 270’ lymphocytes. The 
BP metabolism was determined by seeding 5x 10° cells into 
each of 96 wells of a Cook's microtitre plate (Falcon, Oxnard, 
California) together with 200 ul of Ham’s F-12 culture medium 
containing 16% foetal calf serum and 150 nM of *H-BP 
(specific activity 25 Ci mmol~, (Amersham-Buchler, Braun- 
schweig, Germany). Water-soluble products were determined 
after 8 h of incubation by the method of Huberman and Sachs". 
SCEs were scored in phytohaemagglutinin-stimulated lympho- 
cytes after 70h of incubation at 37°C. The height of the 
columns (shaded, fast; dotted, slow, BP-metabolising individual) 
indicate the mean and the bars the range of SCE per metaphase. 
Benzo(a)pyrene (Sigma) was dissolved in chloroform : methanol 
(2:1), extracted twice by equal amounts of | N NaOH and 
recrystallised from the organic phase in the cold. A stock solution 
(10 mM) of BP in acetone was mixed with a 40-fold amount of 
foetal bovine serum and added to the series indicated to give a 
final BP concentration of 1 pM. The monooxygenase inhibitor 
ANF (Fluka) was also first dissolved in acetone mixed with 
foetal bovine serum and added where indicated at a final con- 
centration of 55 pg mi~. The rate of SCE induction in the 
presence of the inhibitor does not differ from cultures without 
BP or controls. There is only a minimal SCE induction by BP, 
in the presence of ANF, probably as a result of incomplete 
inhibition of the monooxygenase system. At the concentration 
used, formation of water-soluble products was less than 5% of 
controls without ANF. 


The induction of SCEs by benzpyrene reported here prob- 
ably reflects the intracellular carcinogenic effect of benz- 
pyrene, although it is not understood in molecular terms. 
The lack of correlation between the activity of intracellular 
benzpyrene metabolism and SCE rate suggests that genetic 
differences in BP metabolism are not related to genetic 
differences in the predisposition towards development of 
bronchial carcinoma as revealed by family studies’. How the 
rate of benzpyrene-induced sister chromatid exchanges dif- 
fers between patients with bronchial carcinoma and control 
patients is being investigated. 
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Expression of maternal and 
paternal antigens on trophoblast 


GENETICALLY different individuals will not usually accept 
tissue grafts from one another. The best known exception to this 
is the ability of the foetus to act as a homograft. Fertilised 
mouse eggs contain both paternally and maternally derived 
antigens™*, but it has not so far been demonstrated whether 
paternal antigens are expressed on mouse trophoblast, the 
embryo tissue which forms initial contact with the maternal 
circulation. If present, such antigens may be masked by a 
mucopolysaccharide*; this has been disputed by Simmons 
et al, Alternatively, it has been proposed that trophoblast 
lacks transplantation antigens and Searle et al.® failed to 
immunise a recipient with mouse trophoblast when tested 
either by skin grafting or cell-mediated cytotoxicity. It has been 
suggested, however, that histocompatibility antigens on human 
trophoblast were responsible for cytotoxic antibody found in 
the sera of 12-week human pregnancies’, and Nakakita showed 
antibody production in mice to human trophoblast, using 
immune adherence*. I now report the presence of both paternal 
and maternal antigens on trophoblast outgrowths of mouse 
blastocysts in vitro. 

Blastocysts flushed from the uteri of either CBA/Fa or C57 
BL/Mcl females 3.5 d after coitus were cultured on glass cover- 
slips. On day 4 of culture, the mixed immune haemadsorption 
technique (MHA) modified by Tachibana et al.” was used to 
detect antigens on the outgrowths. Trophoblast and indicator 
cells (sheep red blood cells) were coated with specific antisera 
raised in mice, and linked together by a rabbit anti-mouse IgG 
serum (Capell Laboratories). Photographs were taken as a cross 
check. Figure | shows a 3.0 reaction. The attachment of 
sensitised red cells to trophoblast outgrowths from crosses of 
(CBA = CBA), (C57BL < CBA) and (CBA x C57BL) incubated 
with anti-CBA serum (Fig. 2) shows that both maternal and 
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paternal antigens are expressed on the trophoblast. For each 
pair of crosses the difference between the mean degree of red- 
cell attachment was significant (P < 0.01). This suggests that 
the amount of CBA antigen present is greater with a CBA 
mother than with a CBA father, and greater still when both 
parents are CBA. Control data for (CBA < CBA) trophoblast 
outgrowths are shown in Table 1. Normal CBA or C57BL 
sera and anti-CS7BL serum gave scores of 0. After absorption 





Fig. 1 A (CS7BI 
and 10”, 
in an atmosphere of 10°, CO, in air 
red cells to the resulting outgrowth after MHA is shown. Anti- 
serum to a mixture of male and female CBA/Fa spleen cells 


CBA) blastocyst cultured in Snow's medium” 
foetal calf serum under oil and incubated at 37 °C 
Attachment of sensitised 


was raised in C57BL/Mcl mice. Approximately half a donor 
spleen was given to each recipient weekly for between 7 and 10 
weeks. Antiserum to the sheep erythrocytes was raised in A- 
strain mice. Recipients were given 0.2 ml of a 1% suspension 
of sheep red blood cells (SRBC) each week for between 7 and 10 
weeks. Optimal conditions for the sensitisation of SRBCs were 
established. After washing three times in phosphate-buffered 
saline (PBS) they were incubated in a 1:1.000 dilution of anti- 
SRBC serum followed by a 1:100 dilution of anti-mouse IgG 
serum and finally diluted to 4°, (v/v) and stored at 4 °C. There 
were three washes with PBS between each step in the procedure 
On day 4, outgrowths on coverslips were rinsed in PBS and 
incubated for | h with selected antisera, rinsed and layered with 
sensitised SRBCs (1.0°, v/v). After I h at room temperature, 
unattached erythrocytes were washed off and the strength of the 
reaction was estimated microscopically according to the per- 
centage of target cells (that is. trophoblast of the outgrowth) 
to which sensitised SRBCs were attached, expressed on the follow- 
ing scale: 4.0 (100°, attachment); 3.5 (90%); 3.0 (50-80%); 
2.0 (< 50%); 1.0 (<25%); 0.5 (<10°%); 0 (0%). The above 
outgrowth was given a score of 3.0. 
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Table 1 Expression of CBA cell-surface antigens on trophoblast outgrowths of blastocysts from a CBA x CBA mating after incubation with 
control sera 











Serum Cell type used for absorption Serum dilution Mean score+$.e.m. 
Anti-CBA — 1:160 3 80 +0.06 (34) 
Anti-CBA CBA liver and spleen 1:160 2 00* (3) 
Anti-CBA C57BL liver and spleen 1:160 3.75+0.25 (4) 
Anti-CBA CBA lymph node and spleen 1:160 0.52 +0 07* (24) 
Anti-CBA C57BL lymph node and spleen 1:160 3.84+0.05 (29) 
Normal CBA — 1:40 0 (13) 
Normal C57BL — 1:40 0 (10) 
Anti-C57BL — 1:40 0 (20) 
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Absorptions were carried out with a 50:50 mixture of washed liver and spleen cells or lymph node and spleen cells for 2 x 1 h at 37 °C. Results 
are expressed as mean score + s.e m. The number of outgrowths per group is in parentheses. 
*P < 0.001 for corresponding controls. 


a 


Table 2 Expression of C57BL cell-surface antigens on trophoblast outgrowths after incubation with normal sera, antı-C57BL serum, or absorbed 
anti-C57BL serum, diluted 1:40 








Origin of Anti-C57BL serum Anti-C57BL serum Normal Normal Anti-CBA 
blastocysts Anti-C57BL absorbed with absorbed with C57BL CBA serum 
Mother Father serum C57BL cells CBA cells serum serum 1:160 
C57BL x C57BL 3.8640 14 (4) 1.00+0.14* (10) 3.38 +0 34 (8) 0 (4) 0 (4) 0 (10) 
CBA x C57BL 3.31 +0.23 (13) 1.00 (2) 3 00 (2) — . — — 
C57BL x CBA 3.00 (2) 0 89 -40.07* (9) 3 00 +0.37 (6) — — — 


oS 


Absorptions were carried out with a 50.50 mixture of washed spleen cells and lymph node cells for 2x 1 h at 37 °C. Results are expressed as 
mean score + sem The number of outgrowths per group is in parentheses. 
*P < 0.001 for corresponding controls 


vee Te expression of CRA cell surface oe on woni of the anti-CBA serum with a mixture of spleen and lymph 
CBA es a BI ee une T ey TORCHA oe ie node cells from CBA mice, red-cell attachment was reduced by 
mated to CBA (x) or C57BL (@) males, and from C57BL 86%. Total absorption of the activity was not expected be- 
females mated to CBA males (O) Data were accumulated from cause the antiserum was made to both intracellular and cell 
14 expeniients ee least squares analysis of variance according membrane-bound antigens of spleen cells, whereas the absorp- 
Oops He, 152 I tenes An deri Suare value of tion would only remove antibodies raised against the latter. 
multiple range test!® was used to analyse the difference between A mixture of CBA liver and spleen cells only reduced the re- 
the means of the three crosses (P < 0.01) action by 50%. Absorption with C57BL cells had no effect. 


Table 2 shows results obtained with blastocysts from 
(C57BL x C57BL), (CBA x C57BL) and (C57BL x CBA) mat- 
ings incubated with anti-CS7BL serum and control sera. Both 
maternal and paternal antigens are present but a comparison 
of their relative expression cannot be made because of the 
small number of outgrowths studied when the C57BL is the 
mother. 

These experiments show that trophoblast in vitro exhibits 
antigenicity derived from both the maternal and paternal 
genome. The antigens expressed could be either major histo- 
compatibility antigens of the H-2 type or minor antigens (for 
example, H-3, H-6), since both are present on spleen cells. 

I thank Dr A. McLaren, Dr J. Ansell, Dr R. Hancock and 
G. Mahon for criticism and advice. This work was supported 
by the Ford Foundation. 
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Successful induction of specific 
tolerance to transplantation antigens 
using autoimmunisation against 

the recipient’s own natural antibodies 


ORGAN transplantation, especially of kidneys, ıs now an 
accepted method in medical care. In spite of careful matching 
to obtain the most suitable combination between donor and 
recipients as to blood group and HLA antigens, varying 
degrees of incompatibility have to be accepted. This makes 
prolonged use of immunosuppressive drugs necessary. Such 
therapy, however, may in itself cause serious and even lethal 
complications. Specific tolerance to the donor antigens 
with full reactivity against other antigens is the ideal. Classical 
induction of transplantation tolerance requires massive in- 
oculation of foreign cells, may result in serious graft-versus-host 
reactions and is not considered feasible in human kidney 
grafts. We describe here a new method of inducing specific 
immune tolerance to a given set of alloantigens, which can 
be carried out in adults and which will leave reactivity against 
other antigens intact. 

Every individual seems to have lymphocytes with predeter- 
mined receptors for various parts of the major histocompati- 
bility complex antigens of the species. When tested against a 
given set of such MRC antigens, 3-10° of a normal mouse or 
rat T-lymphocyte population will express immune competence! ? 
or specific receptors for antigens of that particular MHC 
locus***, These receptors can be characterised according to two 
characteristics, their specific antigen-binding capacity and their 
unique antigenic or idiotypic markers®®, Two other facts 
make these receptors useful for the induction of specific 
immune tolerance. They are found in detectable amounts in 
normal serum or urine of the individual’. It can be shown that 
the individual is able to produce specific anti-receptor anti- 
bodies against its own naturally occurring receptors, if the 
latter are presented to the individual in a concentrated, modified 
form. We describe results showing the validity of the latter 
statement. . 

Normal Lewis rats (MHC type Ag-B?) have in their sera or 
urine idiotypic receptor molecules with specificity for other 
Ag-B alloantigens, e.g. against DA (Ag-B*) and BN (Ag-B?). 
Using anti-(Lewis-anti-DA) idiotypic antibodies linked to 
Sepharose it is possible to isolate the anti-DA receptors from 
normal Lewis serum’. Normal Lewis serum (300 ml) was thus 
passed over such an anti-idiotypic column and the bound 
material was acid eluted and cross linked with glutaraldehyde®. 
Cross-linked material (20 ug) in Freund’s complete adjuvant 
was injected subcutaneously into each of four normal adult 
Lewis rats. The animals received a boost on day 21. On day 40 
the animals were bled and their blood lymphocytes used as 
responder cells in MLC tests against DA or BN. Four days 
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Table 2 Delayed rejection of DA skin on immunised Lewis rats 





Immunised 
Lewis rats Rejection of Rejection of 
No DA skin on day Mean BN skin onday Mean 
1 21 12 
2 35 11 
30.3 11.8 
3 27 li 
4 38 13 





Three control normal Lewis rats rejected DA skin betwèen day 9 
and 10 and BN skin between day 10 and 12. Full thickness skin 
grafts were carried out as described elsewhere”. 


later the animals received DA skin grafts on the left back side 
and BN grafts on the right side. 

As shown in Table 1, these Lewis rats showed a specific lack of 
reactivity against DA alloantigens in the MLC and they 
accepted DA skin grafts for some 30 d (See Table 2). Reactivity 
against BN alloantigens was in both tests completely normal. 
In three similar experiments with skin grafts essentially the same 
results were obtained. The mean survival of DA or (Lewis 
xX DA)F, skin grafts on 20 adult Lewis rats treated in the 
above way was 2441.7 (s.e.) days. BN or (Lewisx BN)F; 
grafts were all rejected within 11 d. 

On day 91 the animals were bled again and their sera tested, 
after extensive absorption with (LX DA)F, lymphocytes in 
order to remove possible anti-DA alloantibodies produced after 
skin rejection, for the ability to bind to normal Lewis or DAT 
lymphocytes using as second layer !*5I-protein A as an indicator 
for surface-bound IgG antibodies®. All sera contained anti- 
bodies capable of reacting with normal Lewis lymphocytes but 
not with DA lymphocytes. To prove the auto-anti-idiotypic 
nature of these autoantibodies the sera were now tested for 
their ability to cause specific inhibition of MLCas had previously 
been done using “conventional” anti-idiotypic antibodies. 

As shown in Table 3, treatment of normal Lewis T lympho- 
cytes with the antisera in the presence of complement did result 
in a highly reduced activity against DA but not against BN 
alloantigens in the MLC test. Thus, the autoantisera did 
indeed contain the expected anti-idiotypic antibodies. 

Finally, on day 91 after the bleeding, each of the animals was 
inoculated with 2.5 x 10” (Lewis x DA)F, and (Lewis x BN)F, 


‘lymphocytes. Animals were killed 10 d later and their antisera 


were tested for alloantibodies using the protein A test. Then 
weak alloantibody titres against DA alloantigens could be 
detected in the autoimmunised animals, ranging from 1:32 to 
1:256. Whether these alloantibodies contained the “normal” 
Lewis-anti-DA idiotypes was not tested. The control animals 
treated in exactly the same way as the experimental animals 
except for the immunisation with idiotypic receptors had 
anti-DA titres ranging from 1:4,096 to 1:16,384. Both groups 
of animals had similar titres against BN alloantigens (range 
1:2,048 to 1:4,096). Thus, not only did the auto-anti-idiotypic 
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Table 1 Lack of reactivity in MLC of autoimmune Lewis rats against DA alloantigens 





Responder cells 


from immunised 3H-TdR incorporation in 


Lewis rats mixture against DA Mean 
No. c.p m. of duplicates + s.e. 
1 9,14! +1,124 
2 10,227 +610 
3 11,91042,429 
4 9,723 43,714 


Responder cells from 


normal Lewis rat 139,464+15,855 


3H-TdR incorporation in 
mixture against BN. Mean 
c.p.m. of duplicates + se. 


3H-TdR incorporation of 
responder cells alone. Mean 
c p.m. of duplicates + s.e. 


40,343 +7,927 7,875+1,131 
45,663 + 18,925 8,410 +424 
38,841 +8,850 9,495 +619 
42,346 +1,371 9,667 +224 
39,271 £5,808 5,336 +455 
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The MLC was performed in flat-bottom microtitre plates in EHAA medium? complemented with the double amount of glutamine and 05% 


fresh normal BN rat serum using 0.25 x 10° responder cells and 0.5 x 10° 


spleen cells irradiated with 2,000 R as stimulator cells. Cultures were 


collected after 120 h after a 6-h pulse with 1 wCr of 3H-TdR (ref. 5) Stimulator cells alone gave between 200 and 400 c.p.m. 
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Table 3 Serum from immunised Lewis animals specifically. inhibits MLC 


Lewis responder cells treated 
with serum and complement: 
Serum from immunised Lewis rats 


3H-TdR incorporation* of 
mixture against DA. Mean 
c p.m. of triplicates + s.e 





No 
J 32,344+6,801 (43%) 
2 32,151 £3,139 (43%) 
3 20,837+5,501 (28%) 
4 35,512+3,851 ((47%) 


Normal Lewis serum pool 75,456 +6,074 100%) 





3H-TdR incorporation* of 
mixture against BN. Mean 
c.p.m. of triplicates + se. 


3H-TdR incorporation of 
responder cells alone. Mean 
c.p.m. of duplicates + s.e. 


31,179 2,601 (89%) 3,684 +567 
26,809 +2,428 (77%) 3,740 +563 
34,537 42,186 (99%) 3,996 +226 

~ 38,172+2,703 (110%) 3,860 +333 
34,855 +4,374 (100%) 3,457 41,454 





Conditions for the MLC essentially the same as in Table 1. For further details for the treatment of the responder cells with antiserum and 
complement see ref. 5. Sera from another group of immunised Lewis animals inhibited MLC completely in a specific way. i 
*Values significantly different from values of normal Lewis serum and complement-treated groups are underlined 


reaction significantly and specifically wipe out the T-cell 
mediated reactivity against the relevant alloantigens but there 
was also a drastic reduction in the alloantibody producing 
ability of these individuals. Using lymphocytes from auto- 
idiotype-immunised rats we have also been able to demonstrate 
that they largely lack the corresponding idiotypes, for example 
Lewis rats immunised with Lewis-anti-DA receptors lack 
lymphocytes with idiotypes signifying anti-DA reactivity but 
show normal! distribution of anti-BN idiotype positive lympho- 
cytes. Whether this reduction is particularly pronounced in the 
B-or the T-lymphocyte population 1s unknown. 

We have thus presented data demonstrating that selective 
autoimmunity against a given group of antigen-binding 
receptors can lead to specific immune tolerance, probably due 
to the physical elimination of this group of immunocompetent 
cells. No side effects of this autormmune procedure have so far 
been noted and the individuals express completely normat 
reactivity against other antigens. The skin-graft, tolerance is 
highly significant; as in the rat many minor as well as the 
major Ag-B locus antigens do contribute to skin-graft rejection. 
In spite of this, grafts often survived for up to a month in the 
absence of any nonspecific immunosuppressive therapy. It 
thus seems clear that our techniques may allow the induction 
of long lasting immune tolerance through autoimmune 
reactions against the relevant idiotypic receptors. The speci- 
ficity of this procedure would be as high as that of ‘classical’ 
immune tolerance and could in particular be carried out in 
adult, immunocompetent individuals. Improvements to make 
the approach more general by testing other species of animals 
and using alloantigenic immunosorbants instead of anti- 
idiotypic immunosorbants are required. Already at this early 
stage, however, it seems that autoimmune reactions can be 
used in a productive manner to manipulate the immune system 
in the transplantation immune system, in allergic disorders and 
perhaps even to regulate the course of certain autoimmune 
diseases. 
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Induction of transplantation 
tolerance using serum as antigen source 


It has been shown that massive doses of allogeneic serum 
produce the prolongation of renal allograft survival in 
adult pigs’. Furthermore, alloantigenic activity was demon- 
strated in human serum by inhibiting certain reactions 
in vitro*-*; and in some strains of mice, the presence of 
histocompatibility (H) antigens in the serum could be 
demonstrated by inhibition of the cytotoxicity of specific 
alloantisera’. 

This study was designed to determine whether trans- 
plantation tolerance in rats can be induced by multiple 
massive doses of serum. Rats of the AVN strain were in- 
jected with allogeneic or syngeneic serum in increasing doses 
three times weekly from birth to the 6th week of age (1st 
week, 3X0.3 ml; 2nd week, 3X0.5 ml; 3rd week, 3X1 ml; 
4th and 5th weeks, 3X1.5ml; 6th week, 3X2ml). The 
donors of allogeneic sera were rats of the congenic strains 
Lewis (Lew) or Lew.1A, differing from the AVN strain 
recipients in, respectively, both H-1 plus non-H-1 antigens 
and in the non-H-1 antigens only. Four. weeks after birth, 
animals were skin grafted. The group treated with Lew 
serum, the control groups treated with AVN serum and 
the group of untreated animals simultaneously received the 


Fig. 1 Survival of Lew.1A skin grafts after treatment with 
Lew.1A serum (@). AVN serum (O), untreated controls (A). 
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Table 1 Testing of AVN anti-Lew cytotoxic antibodies in AVN 
rats injected with Lew or AVN serum from birth 





Percentage 
Group Treatment Serum titre* 51Cr release +s.e.ft 
1 — 1:8-1 :64 28 8+4.7 
2 AVN serum 1:8-1 :128 37.0412.6 . 
3 Lew serum - 15.5+1.9f 


*The cytotoxic activity of the serum was determmed by the !Cr 
release from labelled lymphocytes of the strain Lew by the standard 
technique*. The cytotoxic titre was determined as the highest serum 
dilution showing significantly higher 5'Cr release than a simular 
dilution of normal serum. 

{Percentage of released activity with a 1:1 dilution of serum. 

{Statistically significant (P < 0.001) mbhibition of cytotoxic 
antibody production in comparison with group 1 or group 2 and 
non-significant difference from the value of 5Cr release in the tests of 
serum from normal untransplanted rats (13.1 40.3%). 


Lew and Lew.1A skin grafts. The group treated with 
Lew.1A serum and the corresponding control groups 
received only Lew.1A skin grafts. 

A high degree of tolerance was obtained in the animals 
with the non-H-1 antigenic difference. Figure 1 shows the 
survival of skin grafts in animals treated with Lew.1A 
serum. All grafts survived 75d and most of them more 
than 100d. In addition to the specific antigenic activity of 
the serum, its nonspecific component(s) had some effect, as 
evident from the prolongation of skin graft survival in the 
control animals treated with syngeneic serum. Also, the 
Lew serum induced a high degree of tolerance of non-H-1 
different Lew.1A grafts (Fig. 2). All these grafts survived 
100d and most of them persisted further. Again the non- 
specific effect of the syngeneic serum was evident in the 
ability to prolong the Lew.1A skin-graft survival. With the 
H-1 plus non-H-1 antigenic difference (Fig. 3), skin grafts 
in two of eight animals had significantly prolonged survival 
times; the nonspecific effect of the serum was not at all 
apparent. In this group of animals, the possible presence of 
cytotoxic H-1 antibodies was also investigated. Serum 
samples were collected 17d after skin grafting for the 


Fig. 2 Survival of Lew.1A skin grafts after treatment with Lew 
serum (@), AVN serum (O), untreated controls (A) 
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Fig. 3 Survival of Lew skin grafts after treatment with Lew 
serum (W), AVN serum (O), untreated controls (A). 














cytotoxicity test*. In comparison with the untreated controls 
(Table 1, Group 1) and Group 2 given syngeneic AVN 
serum, the Group 3 animals treated with Lew serum showed 
complete inhibition of anti-Lew antibody production. 

In spite of the presumably low content of antigens in 
the serum, permanent tolerance of skin grafts can be in- 
duced in rats, at least in the non-H-1 incompatible com- 
bination. The antigenic difference between the donor and 
recipient strains is relatively strong, as shown by the acute 
rejection of skin grafts in untreated controls. With the H-1 
plus non-H-1 difference, the degree of tolerance. achieved 
is considerably lower. This does not, however, exclude the 
possibility that it can be increased by concentrated antigen 
from the serum. The nonspecific immunosuppressive effect 
of normal serum on non-H-1 incompatible skin grafts is 
consistent with previous findings’"*. To summarise the 
present data, it seems that the serum may be a very good 
source of soluble H antigens useful for the induction of 
transplantation tolerance. 
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Antibody response induced in vitro 
to the cell-surface alloantigen Thy—1 


Many important antibody responses are provoked by antigens 
on the surfaces of nucleated cells and, ın spite of wide interest, 
little is known of the 1mmunobiology of these responses. 
Alloantigens comprise an intriguing class of surface antigens 
because they may stimulate antibody production by B cells 
as well as target-cell killing by T cells and also because allo- 
antigens are themselves intimately involved in the immuno- 
logical recognition of other cellular antigens, such as viral 
antigens!, autoantigens”, surface-bound haptens?, other allo- 
antigens* and tumour-associated antigens®. Studies of antibody 
responses in vitro, involving potent xenoantigens, have con- 
tributed greatly to the understanding of cellular and molecular 
interactions in immunity*. This has suggested the potential of 
such systems for the study of responses to weaker antigens of 
nucleated cells. In this report I define such an experimental 
approach with the induction in vitro of primary and secondary 
responses to the murine alloantigen Thy~1 as measured with a 
modified plaque-forming cell (PFC) assay, developed from the 
method of Fuji et al’. 

Thy-1 is present as two allelic variants, Thy-I.1 (strain AKR) 
and Thy-1.2 (CBA)®, and ıs expressed in high density at the 
surface of thymic lymphocytes which serve as target cells in the 
PFC assay. In initial experiments the induction of a response to 
Thy-1 was attempted by coculturing normal or primed AKR 
spleen cells with antigen in the form of viable CBA thymocytes. 
Very few PFC lytic to CBA thymus cells appeared although 
the duration of culture and cell ratios were varied. By contrast, 
the use of a cell-free supernatant of thymocyte cultures in- 
duced substantial PFC responses. A comparison of the ability 
of thymus cells and supernatant to induce a primary response 
is shown in Table 1. CBA but not AKR thymocyte super- 
natants (AKR-T-SN) induced the production of PFC from 
AKR spleen cells, at an optimal dilution of antigen of 1/15. 
Addition of CBA thymocytes to spleen cell cultures failed to 
generate PFC although they were present in numbers con- 
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sonant on the concentrations of cells which yield immuno- 
genic supernatants (2.5 X 10®-5.0 x 10° ml~). In the absence of 
antigen, no PFC are detected in primary responses. Figure 1 
illustrates the specificity of the primary response and also 
follows the response kinetics which show a maximum at 4d. 
Later peak responses (5-6 d) have been found in other experi- 
ments. The AKR-T-SN, which fails to stimulate AKR spleen 
cells, can stimulate large anti-AKR PFC responses of CBA 
spleen ‘cells (optimal dilution 1/10-1/25, data not shown). 
Reciprocity of the response, however, does not prove immuno- 
logical specificity since it is possible that allogeneic supernatants 
simply induce polyclonal PFC responses. Further evidence for 
specificity was obtained through the use of third-party thymus 
supernatants derived from the congenic strains A/Thy-1.1 and 
A/Thy-1.2. Titrations of the immunogenicity of A/Thy-1.1-T- 
SN and A/Thy-1.2-T-SN paralleled precisely those of AKR-T- 
SN and CBA-T-SN, respectively (unpublished results). Since 
both A/Thy-1 strains have numerous alloantigens absent in 
AKR which excepting Thy—1.2, fail to induce PFC, it follows 
that the induction of PFC is antigen specific and attributable 
fully and‘exclusively to the Thy-1 antigen. 

Secondary in vitro responses of AKR spleen cells from mice 
immunised in vivo with CBA thymocytes differ from primary 
responses in kinetics and in optimal antigen dose. The secon- 
dary response exhibits a sharp peak at 3d and the optimal 
concentration of supernatant antigen is about 1/10 of that 
optimal for generating primary responses; an example of a 
secondary response is shown in Table 2. In this experiment the 
specificity of induction is evident, as AKR-T-SN produced only 
few PFC above a small background now detected in the 
absence of added antigen. 

Although an antigenic difference at the Thy-1 locus induces 
the PFC response and other alloantigens fail to do so, it was 
possible that Thy-1 substance acted nonspecifically to aug- 
ment immunity to another alloantigen or autoantigen and that 
the PFC response was not directed at Thy—1. This was examined 
by testing one pool of AKR anti-CBA PFC against a panel of 
thymus cells from strains AKR, A/Thy-1.1, CBA and A/ 
Thy-1.2. Mean PFC per group on day 3 was 0, 0, 143, and 134, 
respectively, which rules out the possibility of autoantibody 


Table 1 Comparison of the ability of thymus cells and thymus-cell culture supernatant to induce a primary antibody response to Thy-1 in vitro 








PFC per 
Thymus cells culture (+1 s.e.m.) 
as antigen (CBA target cells) 
CBA 50.0 x 10° 342.3 
CBA 10.0 x 105 1+1.0 
CBA 50x105 2+1.2 
CBA 2 5x 10° 10.3 
CBA 1.0 x 10° 00 
CBA 0.5 x 105 1+0.7 
AKR 50.0 x 10° 0+03 
AKR 5.0 x 10° 442.3 
AKR 1.0 x 10° 11.0 





Culture medium PFC per 





as antigen culture (+1 se.m) 
(T-SN) (CBA target cells) 
CBA 1:5 35+16.6 
CBA 1:15 164+11.0 
CBA 1:75 8411.1 
CBA 1:150 50-4-22.3 
Medium alone 0 
AKR 1:5 4+3.3 
AKR 1:15 1042.0 
AKR 1:75 240.3 
AKR 1:150 341.3 





A modified Marbrook culture system was used® m which 15 x 10° spleen cells, in 1 ml of appropriate medium were placed into the inner 
dialysis compartment and 15 ml of Eagle’s modified minimal essential medium (MEM) containing 5% newborn calf serum (MEM-CA;) and 
2-mercaptoethanol (5 x 10-5 M) were added to the outer flask. Thymocyte culture supernatant was prepared by cultivating thymocytes (62.5 x 
10° ml—*) in Dulbecco’s modified MEM (E4) containing 10% foetal calf serum (E4-F,,) for 20 h at 37 °C in 10% CO, and arr and collecting 
the Supernatants by centrifugation at 250g and passage through a Millipore membrane (0 22 um). PFC assays were based on the method of 
Fuji et al.’, and modified to accommodate a Trypan blue staining routine". Briefly, aspirated cultures were collected into pellets by centrifuga- 
tion at 100g for 15 min and 0 05 ml of a 12% suspension of appropriate thymocytes (in MEM-CAj,) was added. The tubes were then warmed 
to 37 °C to receive 0.35 ml of 0 6% agar in E4-CAjo, the latter maintained at 45-50 °C. After mixing, the suspension was applied to the surface 
of a 50-mm Petr: dish containing 1-2 ml of solid 1 % Agarose (Induboise A37, L’Industrie Biologique Francaise, Gennevilliers) in phosphate- 
buffered saline (PBS). After gelation, 3 0 ml of E4-CA,, was added to each of the dishes which were then incubated at 37 °C for 3.5 to 4.5 h. 
Each dish then received 1 5 ml of complement (rabbit serum absorbed with mouse spleen cells) diluted 1:15 in E4-CA,) After further incubation 
for 0.75 h the dishes were drained and stained with 1.5 ml of 0.2% Trypan blue for 20 min at 20 °C. The dishes were rinsed with PBS and the 
plaques were counted using a dissecting microscope (Baush and Lomb, x 10) adjusted for diffuse indirect illumination In these experiments 
normal AKR spleen cells were suspended m 1 ml of vartous dilutions of thymocyte supernatant in E4-F,, or in E4-Fy, containing various 
numbers of thymocytes, which were then added to the inner culture chamber. Triplicate or quadruplicate cultures were assayed for PFC after 
incubation for 4 d at 37 °C in a humid 10% CO,-90% air atmosphere. . 
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Table 2 Specificity of the induction of a secondary anti-Thy-1 response in vitro of AKR spleen cells by antigenic supernatants of thymocytes 





PFC per 
culture (+1 s.e.m.) , 


AKR supernatant 
antigen (AKR-T-SN) 


1:25 33419.7 
1:125 (1) 2147.0 
1:500 1749.6 


Medium alone 1245.2 


PFC per 
culture (+1 s.e.m.) 


CBA supernatant 
antıgen (CBA-T-SN) 





1:50 1989.5 
13125 - (1) 340+600 
1:500 166+61.9 
1:1,500 5548.7 
1:5,000 743.7 


Cultures were assayed after 3 d for PFC. For priming, AKR mice received 4 x 10? CBA thymus cells intravenously 2-8 weeks before use The 
data were obtained with CBA target cells in the PFC assay; figures in parentheses are the mean autoantibody PFC per culture detected with 


AKR thymus cells as targets using portions of the same cultures 


production and shows that virtually all the in vitro secondary 
alloantibody PFC produce anti-Thy-1 antibody. Primary 
response PFC, however, do contain an interesting subpopulation 
(10-20 %) of autoantibody PFC. 

These experiments demonstrate that alloantibody responses 
to a surface antigen of nucleated cells can be induced entirely 
in vitro. Both primary and secondary responses are produced, 
the latter with in vivo primed spleen cells, and are shown to 
differ in kinetics and in sensitivity to antigen. In contrast with 
in vivo PFC responses, which are induced on challenge with 
viable thymus cells (ref. 7 and my unpublished results), the in 


vitro responses are induced only with antigenic supernatants of : 


cultured thymocytes. A rapid appearance of immunogen (< 4 h) 
in culture supernatants was found in preliminary studies 
consistent with the release of Thy—1 antigen from thymocytes 
detected by Vitetta et al.?. Therefore, the failure of thymus 
cells to stimulate PFC cannot be ascribed to a late release of 
antigen and is the subject of a study in progress. Preliminary 
experiments involving gel filtration indicate that the cell-free 
immunogen is much larger than molecular Thy-1; it therefore 


Fig. 1 Kinetics and specificity of a primary anti-Thy-1 PFC 

response to CBA target cells induced in vitro with AKR spleen 

cells stimulated by thymus cell culture supernatant. a, Response 

to CBA supernatant diluted 1:25; b, response to AKR super- 

natant diluted 1:25; c, response to medium alone. Vertical bars 
represent +1 s.e.m. 
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probably comprises Thy—1 in association with other surface 
molecules. The contribution of the latter to the immuno- 
genicity of Thy—1 remains to be determined. 

This experimental system, more generally, permits access to 
some basic problems of cell-surface immunogenicity, such as 
interactions among distinct surface molecules, the handling 
and presentation of antigen, the role of T cells and the deter- 
minants they recognise, control mechanisms of the response 
and the possibility of a rational approach to the manipulation 
of the response”. In this respect, cell-surface antigens in auto- 
immunity, and those of viral and tumour origin are interesting 
candidates. 
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Transition probability and the 
hormonal and density-dependent 
regulation of cell proliferation 


WE have recently been studying cultured cells derived from the 
androgen-responsive mouse mammary tumour, Shionogi 115 
(S115)""*. Here we show, from time-lapse cinemicrographic 
analysis of these cells, that regulation of proliferation rates 
by both cell population density and physiological concentrations 
of testosterone is achieved by changes in ‘transition pro- 
bability’. 

It is increasingly apparent that cell division depends on the 
occurrence of a random transition in G, (refs 3-5). On this basis, 
a model of the cell cycle has been proposed which also quanti- 
tatively accounts for the observed heterogeneity of cell cycle 
times within cell populations*. According to this model, the 
cell cycle 1s divided into two parts; one called the B phase 
where cells are proceeding towards division, and the other called 
the A state, where cells are not proceeding to division but are 
‘waiting’ for a random triggering event to occur before pro- 
ceeding. A cell may remain in this A state for any length of time 
and it has been shown that in steady-state conditions, the cell 
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has a constant probability per unit time (‘transition pro- 
bability’) of leaving the A state and entering the B phase’. 
It is thought that cells enter the A state in the G, phase of the 
cell cycle because the kinetics of entry of cells into the S phase 
are identical with the kinetics of entry into division®. The B 
phase then comprises part of G,, and S, G, and M phases of the 
‘classical’ cell cycle. The A state has much in common with the 
conventional G, in that cells in ‘A’ or ‘G,’ are not proceeding 
towards division. Although G, is often regarded as a kind of 
refuge into which a fraction of cells can retreat when conditions 
are unfavourable for proliferation, all cells are supposed to enter 
the A state in every cell cycle, irrespective of their proliferation 
rate. Even optimally growing transformed fibroblasts enter the 
A state and then have a given transition probability of leaving 
and progressing to DNA synthesis and division. 

According to the model, proliferation rates could be changed 
by altering either the duration of B phase (Tp) or the transition 
probability, or both. There is evidence that proliferation rates 
of animal cells are regulated in the main by changes in transition 
probability (P) rather than by changes in Ts (refs 4 and 5). 

S115 cells are particularly interesting because physiological 
concentrations of testosterone have two distinct, reversible 
effects on the cells. First, at any density, testosterone stimulates 
the proliferation rate approximately twofold. Second, cells 
seeded in the presence of testosterone grow exponentially and 
fail to exhibit density-dependent regulation of proliferation 
rate until high densities (0.3x 10° cells cm~?) are reached, 
whereas cells seeded in the absence of the hormone proliferate 
in a density-regulated manner; that is, proliferation rate 
decreases continuously over a wide range of increasing densities. 
Thus the phenomenon of density-dependent regulation of 
proliferation rate may be studied by comparing the behaviour 
of cells grown either in the presence or absence of a known, 
purified hormone. 

Generation times of S115 cells growing in modified Eagle’s 
medium have been analysed by time-lapse cinematography. 
The data is plotted as the logarithm of the percentage of 
undivided cells against age (Fig. 1). This type of curve is an 
a curve, (where ‘a, is the percentage of cells with intermitotic 
times > #)*. In an ideal population of cells having identical 


Fig. 1 Semi-logarithmic plot of % cells undivided at age t (a) 
against t for S115 cells. $115 cells were cultured in Dulbecco’s 
modified Eagle’s medium containing 2% foetal calf serum and 
30mM HEPES as described previously*. Testosterone (T), 
when added, was present at 3x 10-8 M. Exposures were made 
at 3-min intervals and individual intermitotic times measured 
by frame-by-frame analysis. The time of mitosis was taken when 
the cell rounded up before division. Number of observations = 
93 for +T, 91 for —T. O, + testosterone, @, —testosterone. 
Inset, increase in cell number during the course of the filming. 
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Fig. 2 Semi-logarithmic plot of % of sibling pairs with differences 

in intermitotic time > t (RB) against ¢ for S115 cells. Data were 

taken from the same film as Fig. 1. Number of sibling pairs 
= 40 for +T; 43 for —T. Symbols as Fig. 1. 


durations of B phases (Ts) and identical transition probability, 
a, remains at 100% for ages up to Th, then declines ex- 
ponentially at a rate determined by the transition probability. 
It hs been shown? that in steady-state cultures a curves 
exhibit initial curvature, produced by variability in the length 
of the B phase (Ts), followed by an exponential tail. The 
shortest intermitotic time gives the value of the minimum Ts, 
whereas the point at which the a curve becomes linear gives the 
maximum Tb». If a given treatment were to change Tp and not P, 
then the a curves for the treated and untreated populations 
would be parallel but laterally displaced from each other along 
the abscissa. Conversely, a change in P and not Ts would 
produce two lines with different slopes, but the same origin 
on the abscissa. It can be seen in Fig. 1 that the origins of the 
two curves for testosterone-treated and untreated cells are 
similar and the slopes of the exponential tails of the a curves 
are different, indicating that the minimum Ts is unchanged, 
but transition probability is different in each case. 
Calculation of transition probability from the a curve is 
subject to some error since it is difficult to detect exactly when 
the initial curvature finishes. It has been shown that the differ- 
ences in sibling intermitotic times can be used to give a better 
estimate of transition probability’ because, in steady-state 
cultures, differences in intermitotic times of sibling cells are due 
entirely to differences in the times they spend in A state, their 
B phases being of identical duration’. The data in Fig. 2 are 
plotted on semi-logarithmic axes, giving a so-called B curve 
(where B: is the percentage of sibling pairs with differences 
> t)". Theoretically, B curves should yield a straight line plot 
if cells are growing exponentially, but not otherwise. Indeed 
this was found to be the case; the B curve for the exponentially 
growing, testosterone-treated cells gave a straight line, and 
that for the untreated cells curved upwards. The curvature 
indicates that transition probability is variable in the untreated 
cultures. To test whether this variability was a function of 
density, the data for sibling differences of the untreated cells 
were split into two groups on the basis of the time of division 
of the parent cell (Fig. 3). One group represents early divisions 
of the parent cell (less than 15 h after the beginning of the time- 
lapse film), whereas the other group represents later divisions 
(more than 15h). The data in Fig. 3 show that the B curve 
of sibling cells dividing at later times is less steep than that of 
cells dividing at early times; that is, the mean transition pro- 
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Fig. 3 Semi-logarithmic plot of B against + for two groups of 

the untreated cells @, Analysis of siblings derived from parent 

cells which divided ın the time interval 0-15 h from the beginning 

of the film. JJ, Analysis of siblings derived from parent cells which 

divided at times > 15h. Number of sibling pairs ın the first group 
= 19; in the second group = 24 


bability of later dividers is less than that of early dividers. 
Furthermore, both curves still display marked curvature, 
indicating. that transition probability decreases continuously 
with density. In addition, a curves of the two groups demon- 
strated that there was little, if any, change in Tẹ with density 
(not shown). ' 

In conclusion, both testosterone and cell population density 
affect proliferation rate by changing transition probability; 
both have little effect on the B phase of the cell cycle. The 
transition probability model may be successfully applied to 
non-steady-state cultures as well as to cultures growing 
exponentially. : 
JEFFERY H. ROBINSON 
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Department of Hormone Biochemistry 
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Identification of the cell 
multiplication inhibitory factors in ` 
interferon preparations as interferons 


THERE has been some controversy for the past few years 
concerning the inhibitory effect of interferon on cell 
multiplication We and others have presented evidence that 
mterferon itself is the responsible factor’**. Some investi- 
gators have, however, failed to observe any inhibition of 
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cell multiplication with interferon preparations"; while 
others have observed inhibition but ascribed this effect to 
substances other than interferon ın their preparations, either 
because no inhibition was observed when more purified 
preparations were used’ or because of apparently ın- 
constant ratios between antiviral and cell multiplication 
inhibitory (CMI) activities in a given preparation™*~?', It has 
been claimed that the factor responsible for the CMI acti- 
vity of human leukocyte interferon preparations could be 
physically separated from the factor responsible for the 
antiviral activity”. We provide strong evidence that the 
antiviral and CMI activities of interferon preparations are 
indeed intrinsic properties of the covalent structure of 
interferons. 

Human” and mouse” interferon preparations can be 
reactivated after being unfolded under denaturing condi- 
tions in hot sodium dodecyl sulphate (SDS), a procedure 
which dissociates all non-covalently linked molecules* The 
finding that the antiviral .activity of interferon can be 
tecovered after such treatment has enabled the separation 
and identification of distinct molecular forms of both 
mouse’*”” and human” interferons by electrophoresis in 
SDS-polyacrylamide gels. Accordingly, in our experiments 
human leukocyte and mouse C-243 cell culture interferon 
preparations were boiled in the presence of SDS, either in 
non-reducing or reducing conditions, were subjected to 
electrophoresis in -SDS-polyacrylamide gels, and gel 
fractions tested. for antiviral and CMI activities 

The human leukocyte interferon preparation, electro- 
phoresed after boiling in SDS in non-reducing conditions, 
contained two peaks of antiviral activity, one at about 
21,000 daltons and one at approximately 15,000 daltons (ref 
28 and Fig. 1a). The two peaks of antiviral activity coincide 
with the distribution of the CMI activity; there is a very 
good quantitative correlation between the antiviral activity 
and the CMI activity of each of the gel fractions. 

When human leukocyte interferon was boiled in the 
presence of mercaptoethanol there was a loss of antiviral 
activity of the 15,000-dalton component, with only partial 
loss of the antiviral activity of the 21,000-dalton component 
(ref. 28 and Fig. 1b). Likewise, CMI activity was present in 
the 21,000-dalton component and markedly decreased or 
absent in the 15,000-dalton component (Fig. 1b). 

Unreduced mouse C-243 cell interferon exhibited a major 
peak of antiviral activity at an apparent molecular weight of 
38,000 and a minor peak at about 22,000 (Fig. 2a). Thus, 
these mouse interferon preparations are similar in molecular 
heterogeneities to mouse interferon preparations produced 
in L-929 cells induced with Newcastle disease virus”? and in 
Lpa cells induced with MM virus”. There was a direct 
quantitative correlation between the antiviral and CMI 
activities in the regions of the two peaks (Fig 2a) Also 
when C-243 cell interferon was boiled in reducing condi- 
tions and electrophoresed in SDS—polyacrylamide gels, there 
was again a direct quantitative correlation between the two 
activities (Fig. 2b) and neither activity was present at 22,000 
daltons. 

In other experiments, gel eluates were assayed for both 
antiviral and CMI activities in cultures of Lu- cells, which 
were as sensitive as L-929 cells to the antiviral activity of 
mouse interferons and were approximately as sensitive as 
the L-1210 cells to the CMI activity of mouse interferon 
preparations. As in the experiments just described, the pro- 
files of the two activities could be virtually superposed Also, 
it was found that about 1% of both the antiviral and CMI 
activities of human leukocyte interferon crossed on mouse 
La- cells’ When these mouse cells were used to assay gel 
eluates of electrophoresed human leukocyte interferon pre- 
parations, activity profiles were obtained for both antiviral 
and CMI activities which correlated with those found in 
human cell assays, with each fraction being active in the 
mouse cells at about 1% of its activity in human cells. 
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Fig.1 SDS-polyacrylamide gel electrophoresis of human leukocyte interferon assayed for antiviral and CMI activities in non-reducing (a) 
and reducing (b) conditions. a, Human leukocyte interferon induced by Sendai virus?’ containing approximately 10° U (human standard 
reference 69/19) and 2.5 mg protein per ml in 0.01 M phosphate buffer, pH 7.2 was constituted to contain 1% SDS and 5 M urea and was 
boiled for 1 min. An aliquot of 0.1 ml was applied to the gel and, following electrophoresis, 5-mm gel fractions were eluted in 2 ml Eagle’s 
MEM containing 10% calf serum. Conditions for electrophoresis were as described previously**. Upper panel: antiviral activity was assayed 
on human diploid skin fibroblasts challenged with vesicular stomatitis virus (VSV). BSA, bovine serum albumin; OVA, ovalbumin; CHYMO, 
chymotrypsinogen; MYO, myoglobm; CYTO, cytochrome c. Lower panel: CMI activity was assayed on Burkitt lymphoma cells (Daudi 
line)”, All gel eluates were incubated with 5x10! Daudi cells per ml in 2 m! RPMI medium containing 10% foetal calf serum, and cell 
multiplication was determined after 3 d incubation by counting viable cells in an haemocytometer using the Trypan blue exclusion test. Native 
human leukocyte interferon at 1, 10 and 100 U ml~ was used as reference. All eluates were tested at a 1:10 dilution (©) and, where 
indicated, at a 1:100 (@) or a 1:1,000 dilution (A). All points are averages of duplicate determinations. b, The same human leukocyte 
interferon preparation was constituted to contain 1% SDS, 1% e E and 5 M urea and was boiled for 1 min before 
application to gel. 
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Fig.2 SDS-polyacrylamide gel electrophoresis of mouse C-243 cell interferon assayed for antiviral and CMI activities ın non-reducing (a) 
and reducing (b) conditions. a, Mouse C-243 cell interferon induced by Newcastle disease virus* containing approximately 3 x 10° U and 
1 mg protein per ml in 0.01 M phosphate, pH 7.2, was constituted to contain 1% SDS and 5M urea and was boiled for 1 min. An 
aliquot of 0.1 ml was applied to the gel and, following electrophoresis, fractions were eluted as in Fig. 1. Upper panel: antiviral activity as 
assayed on mouse L cells challenged with VSV**. Lower panel: CMI activity was assayed on mouse leukaemia L-1210 cells®. All gel eluates 
were incubated with 5 x 104 L 1210 cells ml ~tin 2 ml RPMI medium containing 5 % horse serum, and cell multiplication was determined after 
3 d incubation by counting viable cells in an haemocytometer using the Trypan blue exclusion test. Native mouse interferon at 1.6, 16, and 
160 U ml— was used as reference. All eluates were tested at a 1:10 dilution (QO) and, where indicated, at a 1: 100 dilution (@) or ata 1:1,000 
dilution (A). All points are averages of duplicate determinations. b, The same mouse C-243 cell interferon preparation was treated in the 
same reducing conditions as in Fig. 1b, before application to gel. 
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The direct quantitative correlation between the antiviral 
and CMI activities of both human leukocyte and mouse 
C-243 cell interferons—(after boiling these interferons in 
SDS and subjecting them to electrophoresis ın SDS-poly- 
acrylamide gels)—shows that the CMI activity is exerted by 
molecules with heterogeneities of the same size as those 
of the interferons in the preparations. Furthemore, as 
there were two’ peaks of activity for unreduced human 
leukocyte (21,000 and 15,000 daltons) and mouse interferon 
(38,000 and 22,000) the CMI factor is present in exactly 
the same proportion as the interferons of each of those 
sizes. Therefore, either both activities reside in the covalent 
structure of the same molecules (interferons), or there are 
two distinct populations of molecules that induce antiviral 
activity and two distinct populations of molecules, of the 
same two sizes and present in the same relative propor- 
tions as the two interferon populations, that induce CMI 
activity. Furthermore, in the case of human leukocyte inter- 
feron, each of these populations responsible for CMI acti- 
vity, like the interferons, exert only ~ 1% of homologous 
activity in heterologous cells. The finding that the correla- 
tion between the two activities is unchanged when these 
interferons are boiled in reducing conditions and electro- 
phoresed ın SDS, indicates not only that the two activities 
reside in physically similar molecules (in terms of size 
heterogeneities) and are present in the same proportions, 
but that they are also due to chemically similar molecules 
(in terms of effects of reduction of disulphide bonds in 
detergent solution). 

We thank Dr Kari Cantell for human leukocyte inter- 
feron and the Philippe Foundation for their help. W.E S., Il 
was supported by EMBO. This work was aided in part by 
grants from the Del Duca Foundation and the Direction de 
Recherches et Moyens d’Essais. 
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Antiviral and cell growth 
inhibitory activities reside 

in the same glycoprotein 

of human fibroblast interferon 


IT has been shown repeatedly that preparations of mouse 
interferon inhibit the growth of mouse cells in vitro™*. In 
addition to inducing the antiviral state and inhibiting cell 
growth, preparations of mouse interferon stimulate inter- 
feron production by priming’, enhance phagocytic activity’, 
and potentiate in cells the toxic effect of double-stranded 
RNA’. All attempts with preparations of mouse interferon 
to separate the antiviral activity from the non-antiviral 
activities have been unsuccessful***. With human inter- 
feron few experiments have been reported, although the 
data available indicate inhibition of growth by preparations 
of human leukocyte interferon®”"’. It has been claimed that 
the antiviral and cell growth inhibitory activities of human 
leukocyte interferon reside in different molecules and can 
be separated from each other by certain methods of frac- 
tionation”. In a moré recent report’, however, separation 
of the two activities could not be demonstrated even in 
drastic denaturing conditions. I have shown that both the 
antiviral and the cell growth inhibitory activity of human 
fibroblast interferon reside in the same glycoprotein. 

Human fibroblast interferon was purified to homogeneity 
as described previously’. Before the final fractionate step 
on sodium dodecyl sulphate (SDS)—polyacrylamide gel the 
interferon was heated at 100°C for 2min in a buffer of 
0.1M Tris, pH 6.8, 0.1% SDS, 1% B-mercaptoethanol, and 
5M urea. The interferon was homogeneous and identical 
both biologically and chemically to the homogeneous inter- 
feron described in ref. 14. This homogeneous interferon 
was used in all experiments. Interferon was assayed on 
human fibroblast cells by a microassay technique’ with 
vesicular stomatitis virus (VSV) as the challenge virus. All 
interferon units are expressed as international units (human 
standard reference 69/19). Human diploid fibroblasts be- 
tween the twentieth and thirtieth doubling obtained from 
neonatal foreskin tissue were seeded into plastic flasks 
(25 cm’) at 2X 10'-8 X 10* cells per flask. Cells were grown at 
37°C in 4 ml of Eagle’s MEM supplemented with 10% foetal 
calf serum, 1.1 gl" sodium bicarbonate 0.012 M HEPES 
buffer, 0.006 M Tricene buffer, and 50 ug mi™' gentomycin. 
The medium was changed every 5-7 d. In these conditions 
the cells grow with a doubling time of 35-40h and to a 
final density between 1 X10° and 2X 16° cells per flask. The 
number of cells ın each flask was counted in a haemocyto- 
meter after treatment of the cultures with a solution of 
0.125% trypsin and 5X10‘ M versene in phosphate-buffered 
saline (PBS). Cell counts were performed every 24 or 48h. 
Growth inhibition ıs defined as that inhibition which results 
in an increase of 250%, in the time for cell doubling. 

The effect of homogeneous human fibroblast interferon 
on the growth of fibroblast cells in culture 1s shown in 
Fig 1. With either 200 U ml" (Fig. la) or 500 U ml 
(Fig. 16) the rate of cell growth 1s inhibited appreciably. 
The growth inhibition could be reversed by removal of the 
interferon-containing medium, washing the cells once with 
MEM then allowing the cells to grow in MEM only (Fig. 
la). Cells whose growth had been inhibited by the homo- 
geneous interferon showed no toxic effects for, the duration 
of the experiment (6-I0d, Fig. 1). Cells were routinely 
observed for 6-10 d after the addition of interferon. Caution 
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Another cultured cell, the Daudi cell line, derived from a 
pure preparations of interferon, for in an earlier exploratory 
experiment with a preparation of impure fibroblast inter- 
feron (1X 10° Umg"') a growth-inhibitory, but also toxic, 
effect was observed. In this case the cells rounded and 
detached from the surface 2-4d after the addition of the 
interferon preparation (E. K., Jr, unpublished). 

I conclude that the antiviral and growth inhibitory acti- 
vity of human fibroblast interferon reside in the same 
glycoprotein. This may represent a difference between 
human fibroblast and leukocyte interferons since prepara- 
tions of leukocyte interferon are reported to contain the 
two activities in separate molecules’. This separation of 
activities in preparations of leukocyte interferon has not 
been confirmed by electrophoresis of the interferon on 
polyacrylamide gel in conditions of drastic denaturation”. 
In the purification of the fibroblast interferon, growth in- 
hibitory activity has not been found with the absence of 
the antiviral activity nor has a partial separation of the 
two activities been observed. 

The very potent growth inhibitory activity of prepara- 
tions of purified mouse interferon has been shown pre- 
viously". With the fibroblast cells, significant growth inhibi- 
tion is observed at 200 U ml-'. A molar concentration can 
therefore be calculated for growth inhibition as has been 
calculated for the antiviral activity of fibroblast interferon". 
Thus, from an interferon concentration of 200 U mI", a 
molecular weight of 20,000, (ref. 14) and a specific activity 
of 210° U mg™', a concentration for a significant growth 
inhibition of human fibroblasts of 4X107" M is calculated. 


Fig. 1 Inhibition of the growth of human diploid fibroblast 

cells by homogeneous interferon. Cells were seeded at 2 x 10°- 

8 x 10* cells per flask in 4 ml medium. After 24 h the medium was 

changed in all flasks with half of the flasks getting medium 

containing interferon. a, Interferon, 200 U mi~; b, interferon, 

500 Umi™. @, With interferon; , interferon removed; 
W. control. 
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Another cultured cell, the Daudi cell line, derived from a 
Burkitt’s lymphoma’, has been shown to be particularly 
sensitive to preparations of leukocyte interferon for growth 
inhibition”. The growth of Daudi cells can be significantly 
inhibited at 1-5 interferon units per ml (refs 13 and 17). 

There is an extensive list™ of polypeptide hormones which 
regulate cell growth both in vivo and in vitro but unlike 
interferon most of the polypeptide hormones stimulate cell 
growth. For instance, insulin stimulates DNA synthesis in 
resting 313 cells at 3X10°"M". Fibroblast growth factor 
shows measurable stimulation of DNA synthesis in 3T3 
cells at 4x 10°" M and maximum stimulation at 1X107" M 
(ref. 20). Cell growth inhibition has been reported for 
adrenocorticotropin  (ACTH)* and factors such as 
‘chalones™. 

l thank Dr R. Z. Lockart, Jr for discussions and sugges- 
tions, Miss Diana Fahey for technical assistance and Mr. N. 
Ferreira for preparing the interferon. 
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Direct measurement of membrane 
motion and fluidity by electron microscopy 


THE mobility of cell membrane components? has been measured 
either in the light microscope scale (by visual labelling? and 
by the recovery of fluorescent bleaching***) or at the molecular 
level (by nuclear magnetic resonance (NMR)* and spin label 
EPR® methods). In this report, a new method, using electron 
microscopic techniques to measure membrane motion, is 
described. This method reduces the spatial and temporal 
averaging processes inherent in many other methods, and extends 
the resolution limit of observation to the nanometer scale. 
The main difficulty in applying electron optical techniques 
to kinetic measurement had been the requirement that the 
specimen be placed in a vacuum. The recent development of 
environmental stages’ has partly overcome this problem. 
The direct observation of reaction kinetics in an electron 
microscope is now pessible. The application of this technique to 
biological research enables biological reactions to be observed 
at high resolution in a physiological environment. 

For model membrane studies, various molar mixtures of 
cholesterol, dipalmitoyl phosphatidylcholine and natural 
phosphatidylserine (extracted from bovine brain)" were used. 
The chloroform solution of the lipids were spread as mono- 
molecular layers on the surface of the liquid subphase in a 
Langmuir trough. The subphase solution contained 5 mM 
Tris-HCI buffered to various pHs. Polystyrene latex spheres 
(Dow) of sizes 0.237 um or 0.088 um were introduced into the 
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subphase at a concentration of 0.005% solid. The charged 
latex spheres were electrostatically attached to the polar head 
group of the phospholipids at appropriate pH values. When 
bilayers were formed from the monolayers of the lipid mixtures 
as previously described", the latex spheres adhered to the 
hydrophilic surface of the bilayers. They served as membrane 
markers when the unsupported single bilayer was viewed in 
an electron microscope in a hydration stage’. The marked 
bilayers were kept fully hydrated at allexperimental temperatures. 
The electron beam current was kept below 10—~ A cm~? at the 
specimen level, the beam being deflected from the area of inter- 
est between photographing periods. Electron micrographs 
were recorded on Kodak No-Screen X-ray film. The images of 
the unsupported bilayer membranes were extremely dim at 
the low beam current. Focusing was made on an area adjacent 
to the area of interest. Time-lapse micrographs of several second 
intervals, as well as timed exposures of several seconds, were 
taken. 

Two types of particle motion were observed. The fast, 
random motion of the particles was best described as a two- 
dimensional Brownian motion. The loci of the particles consisted 
of zig-zag tracks of random walk, as shown in Fig. 1. The mean 
square displacements A* were measured from the micrographs 
of exposure time t, and the two-dimensional lateral diffusion 
coefficients D of the membranes were deduced from Einstein's 
equation: A?=4Dr. For a bilayer of an equimolar mixture of 
dipalmitoyl phosphatidylcholine and cholesterol at 15 °C, 
the r.m.s. displacement of 20 labels was 0.54 um in 5 s. This 
value gave a diffusion coefficient D to be (1.4=-0.3) = 107” 
cm? s~}, the error being the standard deviation. This value is 


Fig. 1 Electron micrograph of the movement of 0.088-1m 
polystyrene latex microspheres attached to an unsupported 
bilayer of an equimolar mixture of dipalmitoyl phosphatidyl- 
choline and cholesterol at 15°C in saturated water vapour. 
The exposure time is 5 s. The loci of the movement of the micro- 
graphs appear as blurred patches, with darkened spots indicating 
points of changing direction of the path of random walk. Bright 
fringes are caused by defocusing of the objective lens for 
contrast enhancement (magnification x< 7,480). 
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Fig. 2 The superposition of two negatives from consecutive 

electron micrographs of a microsphere-labelled bilayer of an 

equimolar mixture of dipalmitoyl phosphatidylcholine and 

cholesterol at 4 C in saturated water vapour. The micrographs 

were taken 5 s apart. Arrows adjacent to the white sphere images 

indicate the relative positions of the microspheres from the first 
to the second micrograph (magnification x 6,528). 


to be compared with those of bilayers of 4:1 molar mixtures 
1 
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of egg lecithin and cholesterol at 40 °C, that is 1.9 x 10 cm? s 
and 1.5 x 107 cm? s™ respectively from NMR* and spin label 
EPR* experiments. A recent measurement by fluorescent label- 
ling method (W. W. Webb, personal communication) on egg 
lecithin and cholesterol bilayers also yielded a value of D 
in the range of 10 cm? s~!. Our low value was probably a 
result of the large size of the labelling spheres, which were 
expected to cover thousands of lipid molecules. The motion of 
the labels represented the collective motion of many lipid 
molecules attached to the labels, instead of the diffusion of a 
single molecule. The grouping of lipid molecules by the labels 
was expected to impede the fast diffusion motion of individual 
molecules. The highercholesterol content, saturated hydrocarbon 
chains and the lower temperature of our specimens, may also 
have accounted for some of the discrepancies. Detailed measure- 
ments of D as functions of temperature and composition by 
this method will be published elsewhere. 

As the temperature of the specimen was lowered below the 
transition temperature of the bilayer membrane, the fast 
random motion was reduced. Time-lapse photographs of 10 s 
or more apart showed a convective movement of particles; 
the neighbouring particles often drifted along similar directions. 
Figure 2 shows the drift or marker particles. The mean drift 
velocity was 3 x 10—® cm s~'. If this is taken to be the “diffuse” 
velocity, the apparent value of D would be 10>! cm! s~, in 
rough agreement with NMR line shape measurement!!. The 
coordinated drifting of particles indicated that the whole area 
moved as one patch. The boundaries between patches were 
discernible in the micrograph. The existence of patches or 
domains below the transition temperature agreed with the 
observations by electron microscopy'*'* and diffraction’, and 
with much indirect evidence’. 

Human erythrocyte membranes were prepared by the method 
of Jung. The ghost membranes were labelled with latex 
microspheres of mean diameter 0.126 um. The binding of the 
charged spheres to the ghost membranes was checked by dark 
field light microscopy. The ghost membrane suspension was 
either placed on the Formvar-carbon coated grids or directly 
on uncoated fine mesh (1,500 CPI) grids. Excess liquid on 
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the grids was removed and the grids were viewed in the hy- 
dration stage. When uncoated grids were used, the labelled 
ghosts were seen to drift freely with the thin liquid film formed 
over the fine mesh holes. The movement of the marker particles 
in this case represented both the relative motion on the 
membrane, and the rotation and tumbling motions of the mem- 
branes as a whole. The latter type of motion was eliminated if 
the membrane sacs were deposited on Formvar-—carbon sub- 
strates. An example of the marker movement on a ghost sac 
supported by Formvar—carbon substrate is shown in Fig. 3. 
The motion of the labels seemed to be more convective than 
diffusive even at 37 °C. (If the displacement of the labels was 
treated as diffusive, the apparent value of D would be in the 
order of 10>"! cm? s~.) A fluorimetric study" of the erythrocyte 
ghost membrane gave an upper limit of D to be 3 x 107'?cm*s7™. 
Both results suggested that the diffusive motion in human 
erythrocyte ghost membrane was damped. It should be inter- 
esting to note that the apparent D values in 3T3 cell membranes, 
measured by a similar collective labelling method using a light 
microscope*, were the order of 10-"! cm* s~'. A similar value 
was obtained from mouse L cell membranes by a fluorimetric 
study*. 

By using an electron microscope, the size of the marker 
particles can be reduced below the resolution limit of light 
microscopes (~0.5 um), and the microscopic motion of the 


Fig. 3 Electron micrographs of microsphere-labelled human 
erythrocyte ghost membrane taken 4s apart. The membranes 
are kept fully hydrated at 37 °C. The arrows on the first micro- 
graph indicate the direction of movement of the labelling micro- 
spheres to the positions on the second micrograph. The spheres 
appear as dark on the hydrated membrane sac. Large, dark 

patches are liquid (magnification 


< 9,640). 
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membrane can be followed in greater detail. Smaller labels are 
now being tested. The membrane motion observed in the 
submicrometre scale is the result of the collective behaviour 
of membrane molecules, rather than the motion of the indi- 
vidual molecules. The detailed movement of the membrane 
in this scale has vital biological significance’. By studying 
membrane motion in this scale, one can bridge the knowledge 
obtained from measurements in the single molecular level®® 
and that from bulk viscosity measurement*. Observation of 
movements of microdomains as well as specific sites on the 
cell surface such as anionic sites, antigens and lectin receptors 
may now be possible with specific labelling techniques. 
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Potentiation of central reward 
by localised perfusion of 
acetylcholine and 5-hydroxytryptamine 


THERE is considerable evidence that the ascending cate- 
cholaminergic systems of the brain' are involved with 
behaviour that is contingent on reward. Much of this 
evidence concerns the variables which influence intracranial 
self-stimulation behaviour’. Because the anatomical and 
neurochemical correlates of self-stimulation are specified, 
evaluation of the catecholamine hypothesis should ideally 
involve the manipulation or measurement of neuro- 
chemical activity within restricted regions of the brain. We 
have made a first step in determining the neurochemical 
code of the excitatory input to the dopaminergic systems 
which originate in the ventral mesencephalon (VM) and 
which are thought to play a part in intracranial self- 
stimulation’. A technique well suited for this purpose is 
push-pull perfusion with which exogenous putative neuro- 
transmitters can be administered to discrete regions of the 
brain by way of the perfusion medium. Using this tech- 
nique it was possible to establish dose-response relationships 
between self-stimulation of the medial forebrain bundle 
(MFB), through which fibres of the catecholaminergic 
systems pass, and perfusion of 5-hydroxytryptamine (5-HT) 
or acetylcholine (ACh) in the VM. 

In each of eight male Norwegian hooded rats (250-350 g) 
a monopolar stimulating electrode (diameter 0.25 mm) and 
a stainless steel guide cannula (20 gauge thin wall) were 
stereotaxically implanted according to the coordinate 
system of De Groot‘. The electrode was placed in the MFB 
(AP, 4.4; L, 1.7; HV, —9.0); and the guide cannula was 
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positioned so that its tip rested 2-4mm above the sites 
intended for perfusion (AP, 3.0-2.0; L, 1.0-1.5; HV, —5.0). 

Five to seven days after surgery the rats were taught to 
depress a lever in a Skinner box in order to receive intra- 
cranial electrical stimulation. The stimulation parameters 
were individually adjusted for each rat so that a rate of 
lever pressing approximately 50% of maximum was 


Fig. 1 a, A histological section of rat brain showing a lesion made 
by the prai pal cannulae, The section was obtained from the 
brain of one of the animals used in this study. b, Representative 
frontal sections of rat brain modified from the stereotaxic atlas 
of Pelligrino and Cushman’ indicating the confirmed placement 
of perfusion sites. cp, Posterior commissure; hp, fasciculus 
retroflexus; ip, interpeduncular nucleus; Im, medial lemniscus; 
nr, red nucleus; p, pons; pyg, central grey substance; sn, 
substantia nigra; vtn, Tsai’s ventral tegmental nucleus. 
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obtained. Training continued until response rates were 
stable over a period of 90 min. Subsequently, that period 
was divided into three consecutive periods of 30 min which 
were designated pre-perfusion, perfusion and post-perfusion. 
The electrical stimulation parameters were identical for 
each of these three periods. The average frequency of lever 
pressing for the pre- and post-perfusion periods was deter- 
mined. The frequency of lever pressing for the perfusion 
period was then expressed as a percentage deviation from 
this value. 

Because push-pull systems available at present often 
cause excessive traumatisation of brain tissues’? a modified 
system was developed for use in the present study. Briefly, 
this system comprises the addition of a calibrated monitor 
tube to the pull side of the normally closed push-pull 
system. The level of fluid in this tube indicates the pressure 
in the pull line and gives immediate notice of any obstruc- 
tions occurring within the brain. This facility prevents the 
inadvertent induction of expansion lesions and experimental 
hydrocephalus. 

At the start of the “perfusion period” a concentric push- 
pull cannula assembly* was lowered through the guide 
cannula until its tip extended 2-4mm beyond that of the 
guide. The rate of perfusion was between 0.6 and 1.7 ul 
min`. The perfusion was continued during the second 
experimental period and was continuously monitored for 
blockages occurring within the pull line. In the event of a 
blockage the cannulae were temporarily removed, flushed 
clear and replaced. 

The perfusion medium was an artificial cerebrospinal 
fluid (CSF) consisting of: NaCl, 127.7 mM; KCl, 2.5 mM: 
CaCl, 1.3mM; MgCl, 0.9mM; NaHCO;, 21.0 mM; 
NasHPO,, 2.5 mM and glucose 3.4 mM. To this stock solu- 
tion the required amounts of 5-hydroxytryptamine, creatine 
sulphate or acetylcholine chloride were added immediately 
before each experiment. 

Each of six animals was tested with four doses of ACh, 
while each of four animals was tested with four doses of 
SHT. The four dose levels, as well as a CSF vehicle control 
condition for both ACh and S5HT, were administered in a 
different random order for each animal. Successive per- 
fusions with a given animal were separated by at least 24 h. 

After completion of all behavioural testing, the position 
of the electrode tip and the site of perfusion in each animal 
were verified according to normal histological procedures. 
Brain tissue was fixed by an intracardial perfusion of a 
10% formal saline solution after which it was embedded in 
paraffin wax. Serial sections of 8 um were cut and stained 
with haematoxylin using the modified Weil-Weigert method 
of Wolf’, 

All electrodes were found to be located in the MFB 
region within 0.5 mm of the stated stereotaxic coordinates. 
Fig. la shows the type of lesion which is produced by the 
present push-pull perfusion technique, and Fig. 1b repre- 
sents the loci of all perfusion sites. 

The mean percentage changes (+ s.e.) in MFB self- 
stimulation of four rats, when different doses of 5-HT were 
perfused in local areas of the VM, are shown in Fig. 2a. 
5-HT increased self-stimulation in each of the four rats, an 
effect which was statistically significant (P<0.02, Kruskal- 
Wallis one-way analysis of variance‘) for the group as a 
whole. In two of the animals the facilitatory effect of 5-HT 
disappeared at the two highest doses of 5-HT. Also in two 
animals, the effects of 5-HT on self-stimulation were 
accompanied by marked contraversive turning behaviour. 

Figure 2b illustrates the mean percentage changes (+ s.e.) 
in MFB self-stimulation of six rats when different doses of 
ACh were perfused in the VM. Following a significant 
increase in self-stimulation behaviour (P<0.02, Kruskal- 
Wallis one-way analysis of variance) response rates were 
depressed below baseline levels as the concentration of ACh 
in the perfusate was increased. Facilitation of self-stimula- 
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Fig. 2 a, Illustration of the mean percentage changes (+ s.e.) in 

MFB self-stimulation of four rats when different doses of 5-HT 

were perfused in the ventral mesencephalon. b, Illustration of the 

mean percentage changes (+ s.e.) in MFB self-stimulation of 

six rats when different doses of ACH were perfused in the 
ventral mesencephalon. 


tion by ACh was observed in each of the six animals at the 
dose of 0.25 mg mI’. 

The present results show that a given animal can be per- 
fused repeatedly with the modified push-pull system with- 
out causing excessive physical trauma to the brain. The 
push-pull perfusion was used in preference to the intra- 
cranial microinjection technique for two reasons, First, the 
push-pull perfusion provides a degree of temporal control 
over chemical stimulation of the brain which is impossible 
to replicate with microinjections, Secondly, the continual 
replacement of fresh ACh from the push syringe obviates 
the need for substitute cholinergic agonists or cholinesterase 
inhibitors. 

The finding that MFB self-stimulation was potentiated by 
localised perfusions of 5-HT in the VM is contrary to the 
inhibitory influence of 5-HT on self-stimulation suggested by 
Wise er al.* and by Poschel er al.. The position adopted by 
these authors was based on experiments which involved 
the administration of pharmacological or neurotoxic agents 
either systemically or by way of the cerebral ventricles. 
These procedures will affect neurochemical activity in large 
areas of the brain. In contrast, the present results were 
obtained by perfusing 5-HT within restricted regions of the 
VM. The differences between the general and specific mani- 
pulation of 5-HT systems suggests an anatomical coding of 
brain function in which 5-HT may be used at different 
morphological locations in order to achieve opposite or 
competing behavioural or physiological effects. 

The favoured explanation of the present results is that 
5-HT and ACh may be exciting, directly or indirectly, the 
dopaminergic cell bodies known to be present in the VM. 
Supporting this view is, first, the fact that in some animals, 
marked contraversive rotation was observed in response to 
5-HT. Dopaminergic systems in the VM have been strongly 
implicated in mediation of this behaviour", Second, a path- 
way originating in the serotonergic cell group of the median 
raphe, from which self-stimulation can be obtained, ter- 
minates in the ventral mesencephalic tegmentum”, Third, 
self-stimulation of the serotonergic cell bodies of the 
median raphe can be modified by drugs which affect mainly 
catecholaminergic systems of the brain”. This implies that 
activity initiated in the median raphe might be relayed 
postsynaptically by way of catecholaminergic systems. The 
results of the present experiments suggest a possible 
anatomical substrate for the proposed interaction between 
serotonergic and catecholaminergic systems involved in 
central reward. Fourth, acetylcholinesterase has been 
localised within the dopamine-containing neurones of 
substantia nigra’, presumably this is to inactivate ACh 
released from neurones afferent to the substantia nigra. 
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Although the proposed explanation of the present results 
may be satisfactory for those perfusion sites located in or 
near areas containing the dopaminergic cell bodies’, further 
investigation will be needed to clarify the role of 5-HT and 
ACh at the more dorsally located perfusion sites. 

We acknowledge the expert assistance with the histology 
of Miss Gill Dolman. P.R. is supported by the Science 
Research Council. 
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Stimulation of cerebral 
histamine H, receptors by clonidine 


CLONIDINE (2-{(2,6-dichlorophenyl)amino]-2-imidazoline) is 
a potent antihypertensive agent whose site of action is 
believed to be in the central nervous system’ but its 
mechanism of action is far from clear. Because of its effects 
on peripheral tissue, it has been generally accepted that the 
drug stimulates alpha-adrenergic receptors’. A recent report 
has, however, challenged this view: far from stimulating 
the receptors responsible for the accumulation of cyclic 
AMP in rat cortex, the drug seems to act as a potent alpha- 
adrenergic antagonist’. On the other hand, clonidine has 
been reported to stimulate gastric secretion by activation of 
histamine H: receptors’. It was therefore of interest to check 
whether clonidine could also act on H: receptors in brain 
tissues where they have been characterised". We now 
report that clonidine strongly stimulates the accumulation 
of cyclic AMP in slices from guinea pig brain through 
activation of H: receptors. 

Male Hartley guinea pigs (300 g; Janvier, Le Genest) were 
killed by decapitation and slices were prepared from the 
hippocampus and incubated according to Baudry et al.*. 
The hippocampus was selected because of the strong 
stimulation of adenylate cyclase elicited by histamine in this 
region’. Cyclic AMP was assayed at the end of 15-min 
incubations by the protein kinase binding method and 
proteins were determined by the method of Lowry er al. 
with bovine serum albumin as standard’. 

As shown in Fig. 1, clonidine induced a concentration- 
dependent accumulation of cyclic AMP. The half maximal 
stimulation was obtained with 504M and the maximal 
effect, representing a fivefold increase, was achieved by 
500 uM. 

The nature of the receptors involved in the effect of a 
supramaximal concentration of the drug was investigated 
with different kinds of antagonists. 

Neither phentolamine, an alpha-adrenergic antagonist, 
nor timolol, a specific blocker of beta-receptors, nor 
mepyramine, a histamine H, antagonist, had any effect, 
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Fig. 1 Effect of increasing concentrations of clonidine on cyclic 

AMP accumulation in slices from guinea pig hippocampus. 

Each value represents the mean + s.e.m. of three to four experi- 
ments. 


even at 100 M, on the clonidine-induced stimulation. On 
the other hand, the action of clonidine was partially in- 
hibited by 1 uM of the H: antagonist, metiamide’ and totally 
blocked at 100 uM of this agent. Furthermore, the stimula- 
tion elicited by 1004M clonidine and 1004M 4-methyl- 
histamine, an agonist of H: receptors were not additive 
(Y.A., A.V., and J.S., to be published). 

Taken together these results clearly indicate that clonidine 
stimulates histamine He receptors in brain tissues, as already 
demonstrated in stomach? and heart*. In fact clonidine 
seems to be one of the most potent agonist of H: receptors 
available: both the ECs and the maximal stimulation of 
cyclic AMP accumulation were of the same magnitude as 
for 4-methylhistamine (Y.A., A.V., and J.S., to be 
published). 

It is not clear whether this action of clonidine on cerebral 
histamine receptors is related to its hypotensive properties. 
Since this drug exerts its cardiovascular effects at very low 
dosage (in the range of 100 umolkg™'), its strong efficacy 
in vivo hardly seems compatible with the ECs» determined 
in our in vitro system, In this respect, the blockade of 


Fig. 2 Effect of antagonists of H, or Hy histaminergic and alpha- 
or beta-adrenergic receptors on the accumulation of cyclic 
AMP elicited by a supramaximal concentration of clonidine. 
None of the agents affected the basal level of cyclic AMP. 
Each value is the mean + s.e.m. of four experiments. The width 
of the horizontal line represents the s.e.m. of unstimulated 
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adrenergic alpha-receptors in slices from rat brain occurs 
at a much lower concentration’. In addition, very little 
information is available concerning the possible involvement 
of histaminergic neurones in the central control of blood 
pressure. It has only been demonstrated’ that the intra- 
ventricular administration of histamine elicits tachycardia 
and hypertension in several species; however this action 
seems to be mediated by way of H; receptors and the effects 
of a selective stimulation of cerebral He receptors remain to 
be assessed. 

On the other hand, the high magnitude of the stimulation 
of the cyclic AMP system that we observe, together with 
the almost complete inhibition by intraventricular metia- 
mide of the clonidine-induced hypotension which has been 
recently reported by Karppanen er al.” lend strong support 
to the idea that histamine H receptors in brain could be 
involved in the action of clonidine. 

We thank Professor H. Schmitt for helpful discussions. 
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Synaptic vesicle cytochemistry 
changes when cultured sympathetic 
neurones develop cholinergic interactions 


THE principal neurones of the rat superior cervical ganglion 
(SCG) can be established as dissociated cells in long term 
cultures’ without the survival of the small intensely 
fluorescent “interneurone” normally found in the animal. 
These isolated sympathetic neurones (SCGN) exhibit certain 
expected adrenergic characteristics such as the synthesis and 
accumulation of catecholamines’ *. They also specifically 
take up exogenous noradrenaline and demonstrate Ca’*- 
dependent release of this transmitter during induced 
depolarisation’. When these neurones are cocultured with 
thoracic spinal cord explants, they receive a_ typical 
cholinergic preganglionic input’. When cultured with the 
appropriate target of brown fat, the SCGN will provide 
characteristic noradrenergic contacts with the fat cells’. 
The interpretation of these generally expected results is 
confounded by the following observations: (1) cultures of 
dissociated sympathetic neurones form numerous synaptic 
contacts with each other*™™; (2) cytochemical studies of 
these synapses show that they contain predominantly dense- 
cored vesicles and thus appear to be noradrenergic*"’; and 
(3) physiological studies clearly indicate that synaptic signals 
between these cultured neurones are nicotinic—cholin- 
ergic™™., In addition, dissociated SCGN will provide 
cholinergic innervation to striated muscle in culture”. Only 
one type of neurone, however, has been described in these 
cultures. We have investigated whether synaptic endings 
with the morphological characteristics of noradrenergic 
terminals were the only synaptic type to be found in cultures 
e 
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where cholinergic interactions between neurones were 
readily demonstrable. If, as previously reported, only 
synapses with noradrenergic cytochemical characteristics 
were found, it would strongly suggest that one synaptic type 
was handling both noradrenaline (NA) and acetylcholine 
(ACh). If two synaptic types were found it would suggest 
that two types of neurones were present in these cultured 
networks, thus providing a possible explanation for the 
paradoxical results discussed above. 

We established sympathetic neuronal networks by 
dissociating the SCG from perinatal rats by a method pre- 
viously described’, but without antimitotic agents to suppress 
non-neuronal cell growth. In these conditions a substantial 
number of non-neuronal cells are present although these 
do not develop to the point of forming a confluent mono- 
layer. We chose these conditions that foster cholinergic 
mechanisms (discussion in ref. 13) although we have 
observed cholinergic transmission in cultures entirely free 
of supporting cells’. All results presented here derive from 
one group of 60 cultures that was established simultaneously 
from one group of foetuses and maintained in an identical 
manner. After initial settling on to 24-mm Aclar dishes, 
each culture contained about 2,000 neurones, a number 
which remained essentially constant throughout the experi- 
ment. The use of a gridded culture dish assisted in counting 
the number of neurones per dish. Less extensive studies of 
previous culture series confirmed the results. The methods 
used for anatomical, biochemical and physiological analyses 
are given in the figure legends. 

Choline acetyltransferase (ChAc) activity, which was very 
low in these cultures when first established, increased with 
age. ChAc activity in SCGN, expressed relative to number 
of neurones, increased more than 1,000-fold between one 
and 7.5 weeks (Fig. 1). The increase in ChAc activity during 
the development of SCGN in vitro probably reflects in- 
creased biosynthetic capacity for the production of ACh. 
The presence of this enzyme is considered a reliable 
indicator of the presence of cholinergic mechanisms™ ", 
During the same period acetylcholinesterase and dopa 
decarboxylase activities increased 30- and 20-fold, respec- 
tively, in this same culture series (our unpublished 
observations). 

Physiological recordings indicated that nicotinic- 
cholinergic (hexamethonium-sensitive) synaptic interactions 


Fig. 1 Increase in ChAc activity with time in culture. ChAc 
activity was assayed radiometrically at 37 °C in homogenates of 
cultures by a modification'® of existing methods'***. Enzyme 
activity for each culture was expressed relative to the number of 
neurones in thatculture. Values for time points between 7 and 53 d 
are means + s.e.m. of activities in eight, eight, three, three, three, 
four and two cultures, respectively. The average number of 
neurones per culture was 2,160+92 (n = 31). ChAc activities at 
7 and 14 d were 0.83 40.1 and 23.9+3.7 pmol ACh produced per 
100 neurones per h, respectively. 
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Fig.2 Development of synaptic interactions as a function of 
days in culture. Intracellular recordings were obtained with 1M 
potassium citrate electrodes from SCGN that were maintained 
with a continuous perfusion of Eagle’s MEM supplemented with 
antibiotics or with medium containing 10-* M hexamethonium’. 
Evoked synaptic potentials were sought by sequentially stimulat- 
ing, with anode break excitation, each of a pair of simultaneously 
impaled neurones. Examples of recordings taken from a 33- and 
53-d culture are shown in a and 6, respectively. a, Two super- 
imposed stimulus trials of the cell shown in the upper trace (L9) 
evoked short latency subthreshold or suprathreshold responses 
in the cell shown in the lower trace (R6). Electrical stimulation 
of R6 did not reveal reciprocal connections to L9. The first sub- 
threshold potentials in L9 (upper trace) were due to recurrent 
connections; late potentials occurring concurrently in both 
neurones were due to spontaneous activation from some un- 
known source. b, Direct stimulation of cell shown in upper 
trace (L3) from a 53-d culture evoked a short latency abortive 
action potential, followed by multiple subthreshold potentials, 
in cell shown in lower trace (R3) as well as recurrent supra- 
threshold plus multiple subthreshold responses in L3. Stimulation 
of R3 (shown as break in lower baseline) evoked a reciprocal 
suprathreshold response in L3 which, in turn, elicited the same 
complex sequence of responses seen when L3 was stimulated 
electrically. Only single responses were seen in young cultures 
(20-33 d) whereas repetitive and suprathreshold activation was 
frequently observed in older cultures (36-57 d). In more than 25 
pairs of cells studied pharmacologically, hexamethonium re- 
versibly blocked the synaptic activity. Calibration: a, 10 mV, 
20 ms and b, 10 mV, 50 ms. c, Plot of the ratio of cells synap- 
tically driven to number of cells stimulated as a function of age in 
culture. Each dot based on recordings from an average of 50 cells 
(range 40-60) from a single culture. Positive slope of linear 
regression line (r = 0.66 with P<0.05) suggests that the pro- 
bability of finding synaptically coupled neurones increases 
with age in culture. 


between the SCGN increased in potency and complexity 
with age in culture (Fig. 2a and b). In young cultures 
(20-33 d) only single responses (Fig. 2a), often with high 
failure rates, were observed. Reciprocal connections, 
frequent suprathreshold responses, and repetitive discharges 
(Fig. 2b) were first seen after 36d in culture. The increased 
efficacy of synaptic transmission with age in vitro correlated 
with increased probability of finding interactions (Fig. 2c). 

Detailed morphological studies were carried out on these 
SCGN cultures at 1 and 8 weeks. Preloading with NA and 
KMnO, fixation techniques were used specifically to 
demonstrate catecholamine-containing dense-cored synaptic 
vesicles (see legend to Fig. 3). Figure 3 illustrates examples 
of synaptic profiles in contact with neuronal somata and 
proximal dendrites after 1 week (Fig. 3a) and 8 weeks (Fig. 
3b). The vesicle population in the endings in the 1-week 
culture was predominantly dense-cored with few clear 
vesicles. In contrast, the synapse shown from the 8-week 
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culture contained mainly clear vesicles. Less than 10% of 
the population of synaptic vesicles was clear in most 
terminals examined after 1 week, whereas by 8 weeks most 
terminals contained more than 80% clear vesicles (Fig. 4). 
But some profiles after 8 weeks retained a high percentage 
of dense-cored vesicles (as in Fig. 3a) with a low proportion 
of clear vesicles. On one neuronal soma from an 8-week 
culture, eight synaptic profiles contained principally clear 
vesicles and one profile showed a predominance of vesicles 
containing dense cores. Occasionally at 8 weeks, endings 
containing a large number of clear vesicles had several 
vesicles with striking dense cores. Some profiles consisted of 
two to three connected varicosities each of which contained 
the same predominant type of synaptic vesicle. Studies in 
progress indicate that the shift in type within the synaptic 
vesicle population may occur as early as 2 weeks in vitro. 
These results indicate that acetylcholine synthesis, 
cholinergic transmission and synaptic terminals containing 
clear vesicles develop with time in culture, a critical change 
occurring around 2 weeks in vitro. This development is 
gradual and not total since profiles containing principally 
dense-cored vesicles are still present at 8 weeks. As the 
number of neurones per culture dish remains stable after 
1 week, these results suggest that one neurone type main- 
tains two distinct synaptic endings and neurotransmitter 
enzyme systems or, alternatively, that two different 
neuronal types are present after 2 weeks in vitro. The 
critical question now centres on the source of the large 
numbers of cholinergic neurones present in older cultures. 
The small number (about 5%) of cholinergic neurones 
which may be present in the normal rat SCG” could not 
explain the accumulation of the large number of cholinergic 


ar Electron micrographs of synaptic —- found on 
G neurones after | week (a) and 8 weeks (b) in culture. 
Dissociated neurones of the SCG dissected from perinatal rats 
were established in culture as described before’. Instead of a 
Leibovitz-based medium, a standard feed containing 65% 
Eagle’s MEM with glutamine added, 25% human placental 
serum, 10% chick embryo extract, 3% 1.1 M glucose and nerve 
growth factor was used. At weekly intervals from | to 8 weeks 
the cultures were rinsed in Leibovitz medium (L-15) and incu- 
bated for 30 min in freshly prepared 10—* M noradrenaline in 
Leibovitz to which ascorbic acid (0.2 mg ml~') was added. The 
pH was adjusted to 7.2-7.3 before incubation. A rinse in L-15 
was followed by fixation with 3% KMnO; in Krebs’ Ringer phos- 
phate(pH 7.1, 4 °C) and by en bloc staining with | % uranyl acetate 
in maleic acid buffer (pH 5.2, 4 °C). Embedding in Epon—Araldite 
followed dehydration. As expected with this fixation, postsynap- 
tic densities are not demonstrated. Both (a) and (b) are at the 
same magnification. 
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Fig.4 Number of endings (ordinate) containing listed per- 
centages of clear vesicles (abscissa) after I(a) and 8(b) weeks in 
vitro. Consecutive endings found on the neuronal somata and 
proximal dendrites (as illustrated in Fig. 3) were photographed 
and printed at a standard magnification to count and classify 
vesicles measuring 40-70 nm as dense-cored or clear. Fifteen 
total endings at both | and 8 weeks are illustrated. Total vesicles 
ranged from 18 to 162 and 26 to 163, respectively. 


“driver” cells found in late cultures (Fig. 2). Are these 
cells gradually evolving in culture from one originally 
undetermined multi-potential precursor population or from 
a differentiated noradrenergic neurone whose properties are 
altered in the culture environment? We anticipate that an 
extensive characterisation of the types of synaptic profiles 
present during successive weeks in vitro, together with 
additional biochemical and physiological experiments, will 
resolve this issue. 
This work was supported by grants from the NINCDS. 
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Enkephalin regulates the levels 
of cyclic nucleotides in 
neuroblastoma x glioma hybrid cells 


Narcotics do not normally occur in vivo. “Opiate receptors” 
must therefore have evolved to recognise endogenous ligands, 
which are mimicked by the opiates'. Indeed such compounds 
have been isolated*-* and their structure elucidated as that 
of the two pentapeptides leucine- and methionine-enkephalin®. 
Neuroblastoma x glioma hybrid cells 108CC15 display many 
properties characteristic of neurones’. In these cells morphine 
and other narcotics*~'® prevent the increase in the level of 
cyclic AMP that is caused by prostaglandin E, (PGE,)"*. The 
opiates also increase the level of cyclic GMP in the hybrid 
cells'*. On long term incubation with morphine, the hybrid 
cells show phenomena which can be interpreted as biochemical 
correlates of morphinetolerance, dependenceand withdrawal*'!’, 


Fig. 1 Leu-enk (a) and levorphanol (b) inhibit the elevation 
by PGE, (0.3 uM) of the level of cyclic AMP in the neuro- 
blastoma x glioma hybrid line 108CC15. 2.5+10° viable cells 
were seeded on to replica plates (85 mm in diameter) containing 
20 ml of growth medium". The cells were grown for 4 d before 
the medium was removed. The cells were first washed and then 
incubated with 5 ml of incubation medium" and the various 
additions at 37 °C for 10 min. Leu-enk was added as a 100-fold 
concentrated solution in water. 1.9 million viable cells per 
plate, 90% viability (exclusion of nigrosin), passage number 17. 
After the incubation the cellular content of cyclic AMP was 
determined as described", with the exception that the columns 
for the purification of cyclic AMP were modified"? and that the 
nucleotide was eluted with 5 ml of 0.05 M HCI. Each value is 
the mean +s.d. of data obtained from three parallel incubations. 
Leu-enk was synthesised by conventional methods coupling 
Z-Tyr-(BZL)-Gly-Gly-OH* and H-Phe-Leu-OH"™ by the 
mixed anhydride procedure to yield Z-Tyr-(BZL)-Gly-Gly- 
Phe-Leu-OH (melting point 181-183°C (a), —25.8° 
and (a) —21.7°, c, 1.06 in dimethylformamide). Hydro- 
genolytic removal of the protecting groups led to chromato- 
graphically and sequentially homogeneous leu-enk (melting 
point 197-199 °C (dec.); (aan +35.3° and (a)}? +29.1 °, 
c, 1.15 in water; amino acid ratios in acid hydrolysate: Tyr 1.00 
(1), Gly 1.95 (2), Phe 1.00 (1), Leu 1.00 (1); ultraviolet maximum 
(water) 274.5 nm, € = 1,350 M ~ cm~). 
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Fig. 2 Naloxone prevents the inhibition by leu-enk of the 

PGE,-induced increase in the level of cyclic AMP. a, Absence 

of PGE, and leu-enk; b, Presence of 0.3 uM PGE, and 0.1 pM 

leu-enk; c, Presence of PGE,. 2.3 10° viable 108CC15 cells 

per plate, viability 92%, pasage aed 16. Other details as 
in Fig. 1. 


Here we report that leucine-enkephalin (leu-enk) has 
effects like those of opiates on the hybrid cells. 

PGE, strongly elevates the level of cyclic AMP in the hybrid 
cells“. Increasing concentrations of leu-enk progressively 
prevent this increase (Fig. la) until maximal inhibition is 
observed at 0.1 um (concentration at which 50% inhibition 
takes place, IC;5, 3 nM). In the range 0.1-1 uM leu-enk the 
curve rises again, but there is no further increase between 
1 and 10 uM leu-enk (Fig. la). In several independent experi- 
ments the same results were obtained. Such an increase in 
the level of cyclic AMP was also observed at concentrations 
above 0.1 mM of morphine and its congeners*. Levorphanol 
(Fig. 15) is a less potent inhibitor of the PGE, elevation of 
cyclic AMP than leu-enk. Its ICs value (0.3 uM), which is 
identical to that reported®, is approximately 2 orders of 
magnitude higher than that of leu-enk. In the absence of PGE, 
1 uM leu-enk maximally lowers the level of cyclic AMP from 
19.8+-2.6 to 9.6+1.4 pmol mg~ protein. As is the case with 
morphine™®™!7-18, the action of leu-enk is due to an inhibition 
of the formation of cyclic AMP and is not associated with an 
increase in cyclic AMP phosphodiesterase activity. The increase 
from 796+176 in the presence of PGE, to 4,940+220 seen 
in the presence of PGE, and the phosphodiesterase inhibitor 
isobutylmethylxanthine is partially suppressed to 2,590+60 
pmol cyclic AMP per mg protein if 0.1 uM leu-enk is included 
in the incubation medium. 

Naloxone completely prevents the inhibition by leu-enk of 
the PGE,-induced rise in the level of cyclic AMP (Fig. 26). 
In the absence of leu-enk (Fig. 2c), or of PGE, and leu-enk 
(Fig. 2a), naloxone has no effect. 

As is the case with morphine’? (Fig. 3a), leu-enk (Fig. 3b) 
causes an elevation of the intracellular level of cyclic GMP. 
The half-maximal stimulating concentrations (ECs) of 
morphine and leu-enk are around 0.1 uM (Fig. 3a) and 0.3 nM 
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(Fig. 35), respectively. From one experiment to another 
these EC; values vary considerably, but they seem to change 
in parallel with one another. 

Naloxone prevents the increase in the level of cyclic GMP 
that is elicited by leu-enk (Fig. 4a). Its IC; value is 20 pM. 
Up to a concentration of 10nM, naloxone alone causes no 
effects of its own on the level of cyclic GMP. At more elevated 
concentrations it raises the level of cyclic GMP even in the 
absence of leu-enk (Fig. 4b). 

The influence of leu-enk or opiates on the levels of cyclic 
nucleotides are strongly dependent on the presence of high 
concentrations (154 mM) of Na*; as used in the present 
experiments. In the absence of Na+, leu-enk at pM concen- 
trations elevates the level of cyclic AMP (these authors, in 
preparation). This phenomenon may be related to the obser- 
vation that opiate agonist binding is favoured at low, and 
antagonist binding at high concentrations of sodium ions! 2°, 

Besides the short-term effects of leu-enk, long term effects 
similar to those reported for morphine®™??, can be observed. If 
the hybrid cells are preincubated for 6h with 1 uM leu-enk, 
the level of cyclic AMP that is reached during the subsequent 
main incubation (10 min) with 0.3 uM PGE, rises from 
830440 to 1,190+130 pmol cyclic AMP per mg protein. If 
1 pM leu-enk is added at ¢ = 0 and 3 h of the 6 h preincubation 
period, the subsequent stimulation by PGE, raises the level of 
cyclic AMP to 1,830+140 pmol per mg protein. Details of 
these experiments will be published elsewhere (our results, in 
preparation). 

The data presented demonstrate an analogous influence on 
the hybrid cells of opiates and leu-enk. The opiates and leu-enk 
both depress the rate of formation of cyclic AMP and cause 
an increase in the level of cyclic GMP. The effects are all 
blocked by naloxone. Data almost identical to these for leu-enk 
were obtained with methionine-enkephalin. The similarity in 
the actions of opiates and leu-enk is paralleled by their structural 
similarity (J. R. Smythies, personal communication, and refs 
21 and 22). The physiological meaning of the increased levels 
of cyclic GMP remains to be discovered. The short term action 
of opiates, that is, the depression of the formation of cyclic 
AMP, is probably correlated with its analgesic effect?*%, 
From analogy then, one may conclude that the enkephalins 
are neurohormones that, in the brain, suppress the sensation of 
pain. From studies on animals* and the neuroblastoma > 
glioma hybrid cells 108CC15 (refs 9 and 13) it could be deduced 
that the phenomena of tolerance, withdrawal and dependence 
seen after long term influence of morphine are connected with 
increased formation of cyclic AMP. The fact that one does not 
become addicted to one’s endogenous enkephalins is probably 


Fig. 3 Morphine (a) and leu-enk (b) elevate the levels of cyclic 

GMP in hybrid cells 108CC15. 1.0 x 10° viable cells per plate, 

viability 95%, passage number 17. The cells were incubated in 

incubation medium for 30s and their content of cyclic GMP 
was determined as described!?. 
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Fig. 4 Naloxone inhibits the increase in the level of cyclic 

GMP caused by leu-enk. a, Presence of 0.1 pM leu-enk; b, 

absence of leu-enk. 1.2 x 10° viable cells, viability 97 %, passage 
number 14. Other details as in Fig. 3. 


due to the degradation of the material*. In contrast, with the 
cell culture system, long term effects do occur. This extends 
the analogy between opiates and the enkephalins to their 
long term effects. It leads to the prediction that an inhibitor 
of the degradation of enkephalin, if applied properly to an 
animal, may cause opiate tolerance and dependence. The 
long term effects on the hybrid cells also suggest that break- 
down of leu-enk in the culture does occur, although at a mod- 
erate rate. 
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Enkephalin and opiate 
narcotics increase cyclic GMP 
accumulation in slices of rat neostriatum 


SEVERAL recent studies suggest that cyclic nucleotides are 
involved in the cellular actions of the opiate narcotics’~*. 
Following the observation by Collier and Roy’ that low 
concentrations of morphine inhibited prostaglandin E; 
(PGE;)-stimulated adenylate cyclase activity in rat brain, 
Traber er al.? showed that morphine acted similarly to 
block the rise in intracellular 3’,5’-adenosine monophosphate 
(cyclic AMP) induced by PGE; in cultured neuroblastoma, 
or in a hybrid cell line of neuroblastoma X glioma with a 
high density of opiate receptor binding sites. Sharma ef al.’ 
found that morphine inhibited basal adenylate cyclase 
activity in this cell line and Gullis er al.‘ observed that 
morphine increased the 3’,5’-guanosine monophosphate 
(cyclic GMP) and reduced the cyclic AMP content of these 
cells. Racagni er al.’ have also demonstrated that injection 
of analgesic doses of morphine in vivo to rats also increased 
cyclic GMP concentration in the neostriatum. These effects 
have generally been found to be stereospecific and blocked 
by the opiate receptor antagonist drug naloxone, suggesting 
that they are mediated through specific opiate receptors. 
We have extended these observations to in vitro studies on 
slices of rat neostriatum, an area with a very high density of 
opiate receptor binding sites’, and have also examined the 
effects of enkephalin on this system. 

Slices of rat neostriatum were incubated for 15 min at 
37 °C in Krebs-Ringer bicarbonate buffer containing 1 mM 
isobutylmethylxanthine (IBMX) (a potent phospho- 
diesterase inhibitor) and added drugs, as previously described 
by Forn er al.” (see legend to Fig. 1). Cyclic AMP and 
cyclic GMP in boiled tissue extracts were determined by 
sensitive protein binding and radioimmunoassay techniques 
(see legend to Fig. 1). 

Morphine (10°*-10"°M) increased the accumulation of 
cyclic GMP in rat striatal slices to a maximum of 200% of 
control values (Fig. 1). The tissue content of cyclic AMP 
was concomitantly decreased to about 80% of control, 
although this effect did not always attain statistical signifi- 
cance. Very similar control and morphine-stimulated values 
were obtained after isolation and separation of the two 
cyclic nucleotides by ion-exchange chromatography (Fig. 1 
legend). The half-maximum response for both cyclic 
nucleotides occurred at a morphine concentration of about 
3X 10°" M. The dose-response curve for morphine was bell- 
shaped and higher morphine concentrations (10~‘-10-* M) 
caused no significant changes in the tissue content of either 
cyclic nucleotide, Naloxone (10™* M) completely blocked 
the effects of morphine (10™°M) on the accumulation of 
both cyclic nucleotides (Table 1). Indeed, although naloxone 
alone had no action, in the presence of morphine and 
naloxone the accumulation of cyclic GMP was significantly 
reduced below control values (Table 1), although the tissue 
content of cyclic AMP was unaffected. Levorphanol, an 
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active congener of morphine at concentrations from 10™* to 
10°? M mimicked the actions of morphine on cyclic nucleo- 
tide accumulation although the reduction in tissue cyclic 
AMP was not significant, whereas the inactive enantiomer 
dextrorphan tested at the same concentrations had no effect 
(Table 1). The latter observations suggest that the actions 
of morphine on cyclic nucleotide accumulation in rat striatal 
slices are due to an interaction with specific opiate receptors 
in this tissue. 

The enkephalins are pentapeptides, isolated from 
porcine brain and characterised by Hughes er al.’, which 
seem to be specific opiate receptor agonists. Two similar 
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Fig. 1 Effect of morphine on cyclic nucleotide concentrations 
in slices of rat neostriatum. The tissue preparation, incubation 
and extraction procedues were as described by Forn et al’. 
After preincubation for 60 min at 37 °C, samples of neostriatal 
slices (260 x260 um; total 10 mg wet weight) were incubated 
for a further 15 min in the presence of various concentrations of 
morphine hydrochloride. Tissue extracts were prepared by boil- 
ing and centrifugation, 50 ul was taken for cyclic AMP deter- 
mination by the method of Brown et al.™; and 100 pl was 
taken for determination of cyclic GMP by radioimmunoassay. 
The remaining tissue was dissolved in | ml 1 N NaOH and 
protein was measured by the method of Lowry et al.**. The 
cyclic GMP radioimmunoassay antiserum and method were 
provided by Dr J. Albano and will be described in detail else- 
where. The radioimmunoassay procedure was briefly as follows: 
100 ul supernatant was ded to 100 ul *H-cyclic GMP 
(0.02 pCi, 1.0 pmol) in 50mM_ Tris-HCl (pH 7.4) containing 
2mM theophylline and 6mM _ §-mercaptoethanol. Antiserum 
(100 ul) diluted in the same buffer was added and the tubes left 
at 2-4°C for 6-18 h. The antibody complex was separated by 
membrane filtration; filters were washed with 5 ml of buffer and 
dissolved in 4 ml ethoxyethanol; 10 ml of 0.4% butyl PBD in 
toluene added and radioactivity determined. A standard curve 
for displacement of bound *H-cyclic GMP was determined 
using non-radioactive cyclic GMP. The sensitivity of the assay 
was 0.02 pmol cyclic GMP in 100 ul. Known amounts of both 
cyclic AMP and cyclic GMP added either separately or together 
as internal standards were quantitatively recovered, and the 
amount of each cyclic nucleotide measured was linearly related 
to the volume of supernatant used for assay. Cyclic GMP did 
not interfere with cyclic AMP determinations when present 
in up to a tenfold excess; cyclic AMP did not interfere with 
cyclic GMP when present in up to a 500-fold excess. In some 
experiments incubations were terminated by the addition of 1 ml 
5% trichloroacetic acid, the tissue was homogenised and the 
cyclic nucleotides were isolated and separated by the method 
of Matsuzawa and Nirenberg". All incubations were performed 
in quadruplicate, and the data are expressed as means + s.e.m. 


314 


eo ŘaaaaaaaaaaaaaaasasssasasassaiÃiIiIssssasasasasasi 


Table 1 Effect of specific opiate narcotics and naloxone on cyclic 
nucleotide levels in slices of rat neostriatum 


Cyclic AMP Cyclic GMP 
Drug (pmol per (pmol per 
mg protein) mg protein) 
Control 9.1 +0.84 0.15 40.014 
10-* M morphine 7.4+0.26* 0.28 +-0.037+ 
10—* M naloxone 9.2+0.31 0.14+0.016 
10—* M morphine + 
10—* M naloxone 9.1 +0.51 0.10 +.0.010* 
10~* M levorphanol 8.0+0.71 0.26 +-0.036* 
10~’ M levorphanol 7.6+0.17 0.29 +.0.036t 
10-* M dextrorphan 9.2+0.87 0.16+40.016 
10~ M dextrorphan 9.1+0.28 0.17 +0.019 
Sa acer 
All values are means + s.e.m. for four separate incubations, see 
Fig. 1 eges for details. 
P < 0.05. 


tP < 0.01 compared with control values. 


peptides exist, one with leucine as the C-terminal amino 
acid (leu-enkephalin) and one with methionine as the 
C-terminal amino acid (met-enkephalin). The addition of 
either of these compounds at concentrations up to 10™* M 
did not affect cyclic AMP or cyclic GMP accumulation in 
slices of rat neostriatum (Table 2). This result was, how- 
ever, not unexpected, since both forms of enkephalin are 
rapidly inactivated in tissues at 37°C (ref. 9). We also 
tested the effects of these substances in the presence of a 
peptidase inhibitor, bacitracin'’, (30 ug ml~') (Sigma Chemi- 
cal Co.). At this concentration, bacitracin did not by itself 
significantly affect cyclic nucleotide levels nor did it interfere 
with the cyclic GMP response elicited by morphine (Table 
2). In the presence of bacitracin, both leu- and met- 
enkephalin (10™* M) increased cyclic GMP accumulation in 
rat striatal slices to an extent similar to that seen with 
morphine (Table 2), and this effect was blocked by 
naloxone. Cyclic AMP accumulation was also decreased to 
a level similar to that observed in the presence of morphine 
(Table 2). | 

The effects of morphine on cyclic nucleotide accumula- 
tion in rat striatal slices are strikingly similar to those 
observed previously in neuroblastoma xX glioma hybrid 
cells‘, although the ECs for morphine is approximately 
one order of magnitude lower in striatal slices than in cell 
cultures, and the effect on both nucleotides is relatively 
greater in the cultured cells. Morphine displays a bell-shaped 
dose-response curve in both systems and in each case the 


Sees 
Table 2 Effect of leu- and met-enkephalin on cyclic nucleotide 
levels in slices of rat neostriatum 


Cyclic AMP Cyclic GMP 
Drug(s) (pmol per (pmol per 
mg protein) mg protein) 
Control 8.1 +0.42 0.14 +-0.006 
10—* M morphine _ 6.7+0.91 0.23+0.014+ 
10~ M leu-enkephalin 8.1 +0.40 0.15+0.016 
es nine Poernorang 8.2+0.43 0.14+-0.011 
ug mi~ itracin 7.7 +0.29 0.15 +0.015 
ae | ortine = 
+30 ug mi ~ bacitracin 6.8 +0.32* 0.22 +-0.024* 
10-* M leu-enkephalin 
+30 pg mi~ itracin 6.7+0.81 0.22 +.0.028* 
oan 
ug ml ~ tracin 6.6+0.12ł 0.25 +0.01 1t 
10— M leu-enkephalin " 
+30 ug ml— bacitracin 8.0+0.18 0.14+0.014 
+10-* M naloxone 
10-*M met-enkephalin 
+30 ug ml— bacitracin 7.5 +0.26 0.13 0.025 


+10-* M naloxone 


— 
All values are means + s.e.m. for four separate incubations, see 


Fig. 1 d for details. 
P < 0.05. 
tP < 0.01 compared with control values. 
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presence of morphine and naloxone significantly decreases 
cyclic GMP below control levels. 

The potency of enkephalins (both leu- and met-) in dis- 
placing the specific binding of radiolabelled ligands from 
opiate receptors and on isolated test tissues is similar to that 
of morphine*. The fact that much higher concentrations of 
enkephalins are necessary to increase cyclic GMP levels in 
rat striatal slices probably reflects the instability of these 
substances in mammalian tissues and an incomplete inhi- 
bition of brain peptidases in our experiments. Higher con- 
centrations of bacitracin were tested, but were found to 
interfere with the opiate response. It is, therefore, not yet 
possible to compare the true potencies of enkephalin and 
the opiate narcotics in this system. Nevertheless, the fact 
that the naturally occurring peptides, leu- and met-enk- 
ephalin increase cyclic GMP accumulation in rat striatal 
slices in the presence of a peptidase inhibitor raises the 
possibility that this response may also occur in vivo, and 
that it may represent a mechanism by which the actions of 
these substances, as well as those of morphine and other 
exogenously applied opiate narcotics are mediated at the 
cellular level. 

We thank Dr J. Albano for the generous gift of cyclic 
GMP antiserum and Dr R. Miller for suggesting the use 
of bacitracin. Leu- and met-enkephalins were generously 
provided by Dr G. Metcalf, Reckitt and Colman Ltd, Hull, 
England; morphine, levorphanol and dextrorphan by Roche 
Products Ltd and naloxone by Endo Laboratories. K.P.M. 
is a graduate fellow of the US National Science Foundation. 
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A sequential in vivo-in vitro 
study of carcinogenesis induced 
in the rat brain by ethylnitrosourea 


THE processes which occur between exposure to a chemical 
carcinogen and the appearance of a gross tumour, the 
latent period, are still largely unknown. One approach to 
investigating how the biological properties of cells are 
altered during this time is to monitor the behaviour of 
cells cultured from target organs at different times after 
carcinogen treatment. A system in which a single dose of a 
chemical results in a high yield of tumours is a good 
starting point for such experiments. When pregnant rats are 
injected with ethylnitrosourea (ENU) almost every one of the 
progeny develops tumours of the nervous system’, of which 
macro- and microtumours of the brain constitute ~ 60%, 
(predominantly cerebral gliomas’). To investigate the pro- 
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Table 1 Agar growth and tumorigenicity of cultures derived 138-145 d after exposure to ENU or buffer 


Average no. of Plating No. of animals Average time 
Culture Passage level colonies per efficiency Passage level with tumours/ before 
10* cells plated in agar (°%) No. injected killed (d) 
22E 10 10 0.1 11 7/7 57.7 
22A 10 286 2.9 10 8/8 44.6 
23A 13 0 0 13 0/6 > 265 
23C 10 0 0 a) 





To initiate cultures the brain tissue was sliced, chopped into small pieces (about 1 mm?) and incubated in 10 ml of dissociating medium 
(0.05 % collagenase and 5% foetal calf serum in phosphate-buffered saline without divalent cations) at 37 °C for 20 min with occasional agitation. 
The suspension was dispersed with 10 or more excursions in a 10-ml pipette, centrifuged and resuspended in Dulbecco’s modification of Eagle's 
medium with 15% foetal calf serum. The medium was changed on the following day to remove debris and unattached cells. Subculturing took 
place at weekly intervals soon after the cultures became confluent. To test for growth in agar, cells were plated at up to 10' in 1 ml of 0.3% 
Bacto-agar in Dulbecco’s medium and 15% foetal calf serum. The base layer was 0.6% agar made up in the same medium. Two to four plates 
were prepared for each culture. Colonies of 22E and 22A were counted 2-4 weeks after plating, by which time many were macroscopic. The 
control cultures were observed for up to 3 months with feeding and were negative throughout. To test for tumorigenicity, cells were injected 
subcutaneously at 1 x 10%-2 x 10° per newborn animal (< 5 d old). Animals were examined three times each week and killed when the tumours 
were about | cm in diameter (1): 23C was injected a number of times but due to cannibalism only one animal survived from experiments at 
comparable passage levels. (It had no tumour at 104 d.) There was a large number of successful injections at later passages and these animals, 
together with those injected with 23A cells, are still under observation. Preliminary histological observation has indicated that the tumours 
formed by 22E and 22A are not fibrosarcomas, and have features of glial tumours. A more extensive examination is in progress and details will 


be published elsewhere. 


cess of carcinogenesis during the latent period, cultures 
have been prepared from ENU-induced gliomas and from 
ENU-treated animals at different times before the appear- 
ance of such tumours. 

Pregnant rats of the BD-IX inbred line were injected 
intraperitoneally with ENU at 40-50 mg per kg body weight 
on days 15 or 16 of pregnancy. The average latent period 
for brain tumours was 246 d. Cultures prepared from cerebral 
gliomas consisted mainly of cells resembling glia and cells 
with thin cytoplasm, indistinct boundaries and often what 
looked like incipient processes. We have called the latter 
type “basal layer cells”™*. These are likely to be morpholo- 
gically undifferentiated glia because they formed processes 
in response to dibutyryl adenosine cyclic monophosphate’, 
and because clones with a similar morphology have many 
of the characteristics of astrocytes**. The tumour cultures 
grew in 0.3% agar and were tumorigenic’. 

For the initial set of experiments to investigate the latent 
period, cultures were prepared from a group of animals 
138-145 d after transplacental exposure to either ENU or 
buffer. The cerebra of five ENU-treated and two buffer- 
treated animals were cultured. Two of the former cultures 
(22E, 22A) contained islands of cells resembling basal 
layer cells and associated glia characteristic of tumour 
cultures. There was no sign of a visible tumour during the 
slicing and chopping of brain tissue in either case. The two 
cultures were further investigated. The tumour-like cells 
which were initially in a minority, gradually became pre- 
dominant on passaging. Both cultures contained cells which 
grew in agar and formed tumours in animals (Table 1). The 
cultures from buffer-exposed animals (23A, 23C) did not 
contain cells resembling cultured tumour cells, did not grow 
in agar and have not so far produced tumours (Table 1). 

To investigate cells very early in the latent period, a 
culture was prepared from the pooled brains of an entire 
litter of foetuses 2 d after transplacental exposure to ENU 


or buffer. The primary cultures from ENU-treated (BE10) 
and control (BEI1) foetuses were morphologically in- 
distinguishable. Tests for growth in agar and in animals 
were negative after many passages. At the 40th passage 
level, however, the BE10 culture formed small colonies, 
several weeks after plating in agar. 

At later transfers macroscopic colonies developed in 
2-4 weeks; the result of one experiment is given in Table 
2. Further, two clones of BE10, BE10-13 and BE10-7 grew 
in agar and were tumorigenic (Table 2). 

The culturing of cells shortly after treatment of an animal 
with a chemical as we have done in one set of experiments 
has been suggested as a test for carcinogens’. The method 
has also been used to ensure that target cells are affected 
by the ultimate carcinogen’*, a situation not necessarily 
obtained by in vitro treatment of cultured cells. Kidney 


cells cultured 20h to 7 d after the injection of rats with ~ 


dimethylnitrosamine showed several transformed properties, 
but were not tumorigenic’. Laerum and Rajewsky*® have 
reported that brain cultures made 20-90h after trans- 
placental exposure to ENU went through a series of changes. 
They describe the formation of piled-up foci of cells or 
‘nodules’ which were washed off and cultured. These gave 
rise to cells which grew in 0.15% agar and became 
tumorigenic after a total of about 200d in culture. Their 
control cultures died out before nodule formation so that no 
measure of spontaneous transformation could be made. The 
formation of foci which we have called ‘clusters’ has been 
observed in both ENU-treated and control cultures. These 
have been washed from the BEIO and BE11 cultures 
and maintained separately. There are some differences in the 
two cultures, for example, that from BE10 has a higher 
plating efficiency in agar (0.4-0.5 %) than that from BE11 
(0.01-0.1 %) depending on passage level. Moreover, some of 
the animals injected several months before with the former 
have recently been found to have tumours. All four cultures 





Table 2 Agar growth and tumorigenicity of cultures derived 48 h after treatment with ENU or buffer 





Average no. of Plating No. of animals Average time 
Culture Passage level colonies per efficiency Passage level with tumours/ before 

10* cells plated in agar (°%) No. injected killed (d) 
BE10 57 354/10* 3.5 60 (1) 
BE11 57 <1/10¢ <0.01 60 (1) 
BE10-7 24 360/10? 36 28 8/8 95.1 
BE10-13 32 54/10* 0.5 34 5/5 40 





BE10-13 was derived at the 10th and BE10-7 at the 20th transfer of BE10. This was before the earliest time at which cluster formation was 
observed in BE10. Other experimental details as in Table 1. (1) These animals are still under observation. The tumours formed by BE10-7 and 
ia not fibrosarcomas and have glial features. Further histological observations are in progress and the results will be published 
e $ 
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are being maintained and tested to estimate the extent of 
spontaneous transformation. 

It seems, therefore, that at a time equivalent to about 
3/5 of the average latent period, ENU-treated animals, have 
cells which, in culture, behave in a manner indistinguish- 
able from tumour cells. These are not readily detected 
in cultures taken very early in the latent period. The results 
so far, however, suggest that there are cells present at 48 h 
with the potential to become tumorigenic, and that this 
potential is revealed after prolonged culturing. Experiments 
are in progress to try to detect these cells without such 
extensive culturing and to define the time at which com- 
mitted cancer cells can first be readily detected in culture. 
It has recently been found that histological changes were 
first observed about 9 weeks after exposure of the foetuses 
to ENU (P. L. Lantos, personal communication), The 
combined in vivo-in vitro method used at a series of times 
in the latent period thus seems to be a valuable approach 
to investigating the process of carcinogenesis. 

We thank Professor P. N. Magee for gifts of ENU and 
for discussions, and Miss S. L. Davies for technical assist- 
ance. The work was supported by a grant from the Cancer 
Research Campaign. 
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Native collagen formation by 
liver parenchymal cells in culture 


IN normal supporting tissue and repair tissue of animals 
collagen is usually considered to be produced by cells of 
mesenchymal origin. Little is known, however, about the 
type of cell which synthesises collagen in organs which 
undergo diffuse fibrosis without known physical trauma, 
such as in cirrhosis of the liver. Tissue culture has shown, 
however, that epithelial cells', including cancer cells’? and 
smooth muscle cells’, can synthesise collagen. We report 
here that an epithelial clone, originating from the liver cell 
line of rat forms a considerable amount of native collagen 
in culture. 

An epithelial cell line from the liver of a JAR-2 suckling 
rat’ was established as before’. The culture medium con- 
sisted of 0.5% lactalbumin hydrolysate medium (LE) sup- 
plemented with 10% calf serum (CS). After 200d of 
culture the cells dispersed with 0.25% trypsin were seeded 
in 60-mm plastic Falcon plates for cloning. Inocula varied 
between a high of 110° and a low of 3X10 cells per 
plate, and the 1X10" plate yielded colonies derived from 
single cells. Two colonies which were cytologically dis- 
tinguishable from each other were picked out and cultured 
continuously. One consisted of rather small roundish cells 
and the other of larger polygonal cells. They were desig- 
nated clones BB and BC, respectively. Both clones have 
been maintained by serial passages for 4 yr and 3 months 
in culture flasks containing Ham’s F 12 medium and 10% 
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Table 1 Production of serum proteins by cloned liver cell lines 


Culture generation Al* (ng mi~)  AFPt(ngmi~!) Trans.{ 
BB cells 
8 1,340 ND§ — 
16 ND§ — — 
16 270 — -— 
25 ND§ ND$§ (+) 
25 540 ND§ (=) 
25 570 105 (—) 
25 670 ND§ (+) 
41 ND§ ND§ A8 
BC cells 
9 2,400 ND§ — 
20 ND§ - = 
20 ND§ — 
27 340 ND§ (+) 
27 550 ND§ (—) 
27 420 ND§ (+) 
27 500 82 (+) 


A 
w 
Z 
0 
7A 
g 
Un 


The supernatants of culture media were collected 3-4 d after 
plating of cells and used for analysis with or without concentration. 

* Assays performed by Mancini’s radial immunodiffusion 
technique* for 20-times concentrated samples. The sensitivity limit of 
this method is 300 ng ml. 

+ Values determined by radioimmunoassay’ without concentration. 
The sensitivity limit is 20 ng ml ~. 

t Qualitative assays by immunoautoradiography*. 

§ Non-detectable activity. 


CS or foetal bovine serum (FBS). The cell replication cycle 
of these clones was 20-31 h after 21 generations. Plating 
efficiency was 35-55% after 19 generations. The cells were 
epithelioid, proliferated as monolayers, and achieved 
contact inhibition. 

To detect liver-type metabolic activities of the cells, assays 


Fig. 1 Micrographs of a cloned liver cell line BC cultured on 

cover slip for 28 d without transfer. a, Unfixed, phase-contrast 

illumination( x 587); b, fixed with absolute methanol, stained by 

silver impregnation. Collagen fibres stained purple-brown 
situated between cells ( x 293). 
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Fig. 2 Electron micrographs of BC cells grown in the same 
conditions as described for Fig. 1. a, Bundle of collagen fibrils in 
the extracellular space (arrow), negatively tained with 209 
phosphotungstic acid by the method of Kushida et al® 
(x 18,182); b, higher magnification of collagen fibrils shown 
in a, demonstrating the banding pattern and periodicity of 
640 A (= 45,455); c, the portion of two adjacent cells illustrating 
the desmosome (arrow) and typical small inpocketings of the 
plasma membrane, stained with uranyl acetate and lead citrate 
(x 20,545). Fixation, dehydration and embedding in Epon were 
as in the original plastic culture plates by the published 
procedure’. 


of rat serum albumin (Al), a@-foetoprotein (AFP), and 
transferrin (trans.) in the culture fluid were performed after 
eight to 43 generations. Table 1 shows that these clones 
produced all three serum proteins, indicating that they were 
clones of rat liver parenchymal cells. 

Although there was some difference in cytological appear- 
ances of the two clones, a particularly noticeable feature 
developed under the phase contrast microscope in BC cells 
left as a full sheet for more than 3 weeks without transfer. 
Thin fibre-like intercellular structures appeared, increased 
with time, began to enclose a portion of the culture, and 
finally divided the whole culture into multiple nodular areas 
(Fig. la). This process was usually complete within 6 weeks 
in our culture conditions. 

To identify these structures we used silver impregnation, 
Mallory-Azan, resorcin-fuchsin, and periodic acid-Schiff. 
These staining methods, especially the former two, gave the 
characteristic colour reactions of collagen fibres (Fig. 16). 
There was no collagen reaction in BB cells. Electron micro- 
graphs of BC cells revealed fibrils of characteristic collagen 
periodicity, deposited in broad intercellular spaces which 
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separated the cells from each other (Fig. 2a and b). Where 
cell perimeters were in contact they were connected tightly 
to desmosomes, arranged in a direction in which collagen 
fibrils were rearely found (Fig. 2c). 

To preclude the possibility of contamination of fibroblasts 
in the original BC clone, we recloned it. Three subclones, 
BC.S1, BC.S2, and BC.S3, were obtained from plates seeded 
with 1 X 10? cells by the same procedure as before. The sub- 
clones were morphologically similar to the parent clone. 
For quantitative proof of these findings a hydroxyproline 
assay of the cell layers maintained for 21 d without sub- 
culture was performed by the method of Prockop and 
Udenfriend". Table 2 shows that values obtained from clone 
BC and its subclones were more than five times greater than 
that from the mouse fibroblast line 3T3 (Table 2), for which 
electron microscopy had shown evidence of production of 
collagen in extremely small amounts’. 

To see whether the cells had undergone spontaneous 
malignant transformation, we tested colony-forming capa- 
city in soft agar, tumorigenicity in the cheek pouches of 
golden hamsters treated with antithymocyte serum, and 
chromosome number between 48 and 53 generations. No 





Table 2 Hydroxyproline in cell layers after 21 d in culture without 


transfer 
Cells nmol per 10’ cells 
BC 152 
BC.SI 123 
BC.S2 139 
BC.S3 98 
Embryo* 184 
3T3t 18 
HeLa.S3t <10 


Cells growing in monolayer were scraped from the plates, washed 
twice with Hanks’ solution by centrifugation at 1,500 r.p.m. for 
5 min, hydrolysed at 110°C for 24 h, and hydroxyproline was 
determined. For each determination trypsinised replicate cultures 
were used for cell counts. 


* Primary culture of the whole embryo of JAR-2 stin rat ae 9 


positive control of collagen synthesis in vitro. 

+ A mouse fibroblast line**. 

t A cloned subline of HeLa, human uterine cancer cell line’. 
Assay for this cell line was exceptionally performed after 10 d in 
culture. 


colony developed in soft agar, nor did the cheek pouches 
of the hamsters reveal any sign of tumours. The predom- 
inant mode of chromosome number was 59, indicating 
hypotriploidy. 

Our data demonstrate the production of native collagen 
by one of two clonal lines of rat liver cells. Both had syn- 
thesised in vitro three proteins which are regarded as the 
differential products of liver parenchyma in early culture 
generations. 

The question arises whether collagen synthesis is a normal 
function of liver parenchymal cells. It is widely believed 
that collagen fibres in the liver are formed by the sinusoid 
lining cells and the fibroblasts of Glisson’s capsule. 

There are, however, data suggesting that liver parenchy- 
mal cells participate in collagen synthesis in vivo™*: 100 
times more protocollagen proline hydroxylase activity was 
reported in the parenchymal cell fraction than in the mesen- 
chymal cell fraction, both of which were isolated from the 
same adult rat liver. Our results support these findings. 
They also enable us to speculate that liver parenchymal 
cells produce the collagen fibres found in the space of Disse, 
overproduction of which is normally controlled by a 
homoeostatic mechanism. We suggest that the marked in- 
crease of collagen fibres in liver cirrhosis represents a failure 
of this mechanism. 

We thank Dr T. Tachikawa for assistance with electron 
micrography. This work was supported by a grant in aid 
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Identification of medicarpin 
as a phytoalexin in the 
broad bean plant ( Vicia faba L.) 


THE analysis of phytoalexin induction has been proposed as a 
dynamic approach to plant systematics'. It has also been 
pointed out that production of the furanoacetylene wyerone 
acid* by Vicia faba is an intriguing anomaly to the more 
general accumulation of isoflavanoid phytoalexins by members 
of the Leguminosae. In our studies on phytoalexin production 
by V. faba, three related furanoacetylenes (Fig. 1), wyerone 
acid (a), wyerone (b)* and wyerone expoxide (c)*', have been 
identified as the major components of the multiple phyto- 
alexin response of the broad bean plant to fungal infection’. 
In addition to these phytoalexins other minor inhibitors were 
detected in bioassays of thin layer chromatograms of methanol 
extracts of infected tissues’. Only one of these inhibitors 
reacted with p-nitroaniline®’ to give an orange coloration 
indicating phenolic character. No anti-fungal compounds were 
detected in extracts of healthy tissues. Here we report the 
identification of the phenolic inhibitor as medicarpin (3- 
hydroxy-9-methoxy pterocarpan) (Fig. Id), a phytoalexin 
present in a wide range of leguminous species'. 


Fig. 1 a, Wyerone acid (R = H); b, wyerone (R 


z Me); c, 
wyerone epoxide; d, medicarpin 


ab 
Me.CH;.CH =CH.C= sccol 1 Jent CH.COOR 


3 HOW 
Me.CH;.CH —CH.C=C.CO l ] CH+4CH.COOMe 
O 
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Table 1 Yields of phytoalexins from V. faba pod endocarp 
tissue bearing limited lesions caused by B. cinerea 4d after fungal 


inoculation 
Phytoalexin Yield (ug per g fresh tissue) 
Wyerone 217 
Wyerone acid 219 
Wyerone epoxide 30.7 
edicarpin 19.5 


Yields are the mean of results from two experiments. Samples 
(about 4 g) of infected tissue were macerated in diethyl ether and 
the ether extract subjected to thin-layer chromatography (TLC) 
on precoated plates (Merck 5715). Wyerone acid was isolated after 
TLC in ether-methanol (6:1) and like other wyerone derivatives 
was recognised by its blue fluorescence under ultraviolet light (366 nm) 
at Ry 0.53, TLC of extracts in hexane-acetone (2:1) followed by 
chloroform-petrol (2:1) enabled purification of wyerone (Rp 0.6), 
wyerone epoxide (Ry 0.53) and medicarpin (Rp 0.31); the latter 
quenched the fluorescence of silica gel under ultraviolet light (254 nm). 
After elution in methanol concentrations of the phytoalexins were 
recorded by ultraviolet spectrophotometry*"*. 


Pod endocarp tissue (2.5 kg) bearing limited lesions caused 
by Botrytis cinerea was collected 5 d after fungal inoculation’. 
Diethyl ether extracts of the infected tissue* were subjected to 
preparative layer chromatography (PLC) on silica gel (Merck 
GF254 type 60) using hexane—acetone (2:1) followed after 
drying with chloroform-petroleum spirit 60-80 °C (2:1) as 
solvents. The band giving a positive p-nitroaniline test (Rẹ 0.34) 
was eluted and the phenolic compound repurified by PLC in 
chloroform (Rr 0.35) and finally chloroform—methanol (10:1). 

After elution from Rr 0.6 the inhibitor (7 mg) was crystallised 
from ether-hexane. Proton magnetic resonance spectra of the 
crystalline product in deuteriochloroform were consistent with 
structure d in Fig. 1. Recorded optical activity ({a]j)—214° 
c =0.19, chloroform, melting point 129-130°C); and 
ultraviolet absorption spectrum Amars (ethanol) 287 (log 
€ — 3,94), 282 (3.88), 226 (4.14), 210 nm (4.53) were virtually 
identical to those published for medicarpin*. Identification 
was confirmed by comparison of the mass spectra obtained for 
our sample and authentic medicarpin. 

To date Vicia faba seems to be unique in its de novo produc- 
tion of chemically unrelated compounds which act as phyto- 
alexins. Much lower concentrations of medicarpin than of 
wyerone derivatives accumulated within infected tissue (Table 
1). This suggests that medicarpin is probably not of great 
significance to the inhibition of growth of invading fungal 
hyphae. Medicarpin biosynthesis in V. faba may represent the 
expression of a primitive resistance response which has been 
largely superseded by the accumulation of the furanoacetylenes. 
Preliminary examination of the production of wyerone deriva- 
tives in pod tissues of different species of Vicia in response to 
infection by B. cinerea indicated that the more primitive’ 
V., cracca, V. sativa, V. sepium and V. sylvatica do not produce 
wyerone or wyerone acid. These inhibitors, however, were 
induced in pods of V. galilea and V. narbonensis, two species 
closely related to V. faba. 

Our results provide further support for the proposal that 
analysis of phytoalexin induction may become an invaluable 
approach to plant systematic and phylogenetic relationships. 
It should prove worthwhile to examine medicarpin and furano- 
acetylene induction within the genus Vicia. Note, however, 
that in our experience, investigation of phytoalexin accumula- 
tion within infection droplets! does not provide a complete 
picture of phytoalexin induction. It is only by thorough analysis 
of infected tissue that the more subtle relationships are likely to 
be discerned. For example, we have detected only trace amounts 
of medicarpin and wyerone within infection droplets containing 
conidia of B. cinerea incubated on leaves or pod seed cavities 
of V. faba. 

We thank Dr V. J. Higgins (University of Toronto) for a 
sample of authentic medicarpin and Dr P. H. Davis (University 
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Initiation inhibition and reinitiation 
of the synthesis of heterogeneous 
nuclear RNA in living cells 


THE nucleoside analogue 5,6-dichloro-1-f-p-ribofuranosyl- 
benzimidazole (DRB) inhibits the synthesis of heterogeneous 
nuclear RNA (hnRNA) at the initiation level in explanted 
salivary glands of Chironomus tentans, but does not interfere 
with the synthesis of ribosomal RNA and transfer RNA (refs 
1-4). When the radioactive RNA precursors and the inhibitor 
are coincidently added to the glands the labelling of hnRNA 
transcripts produced by smaller transcriptional units is sup- 
pressed before that of the larger ones***. If, however, the glands 
are pretreated with DRB, and the time of preincubation is 
sufficiently long, labelling of small as well as large hnRNA 
transcripts is equally eliminated, and the DNA template 
becomes depleted of nascent hnRNA chains?—*. Important 
questions, arising from these findings, are whether DRB can be 
washed out from the cells, and whether a reinitiation of hnRNA 
synthesis can subsequently be achieved. This paper presents 
data which show that the initiation of the RNA synthesis 
resumes when glands pretreated with DRB are washed and 
replenished with inhibitor-free medium. 

A reversal of transcription inhibition by DRB should result 
in a preferential labelling of hnRNA chains in the lower 
molecular weight ranges, if the incubation period after removal 
of DRB is brief enough (< 15-30 min). Labelled molecules 
in the 75-100S range could be expected only around 30 min 
(calculated synthesis time of the largest hnRNA molecules) 
after transferring inhibited glands to a DRB-free medium. A 
reversal of the effect of DRB on polyinosinicpolycytidylic 
acid-induced interferon production in a strain of diploid human 
fibroblast has been reported®. The superinducing action of DRB 
was promptly abolished by removing DRB from the cells. The 
reversibility of the transcription by DRB also increases its 
usefulness as a tool in studies of transcription mechanism and 
metabolism of hnRNA in living cells. 

In an attempt to examine whether DRB is a reversible 
inhibitor of the synthesis of chromosomal hnRNA and to 
record the sequence of hnRNA events after a possible re- 
initiation of the transcription, explanted glands were pre- 
incubated with DRB in 5041 of Cannon's modified insect 
medium for 30 min at 18 °C (refs 6 and 7). The glands were 
then washed and replenished with inhibitor-free medium 
supplied with *H-cytidine and *H-uridine and were incubated 
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for different periods. Fixation of glands, microdissection of 
chromosomes, extraction and electrophoresis of RNA and the 
measurement of radioactivity were carried out as described 
elsewhere?**, The RNA of chromosome IV, dominated by 
Balbiani ring | and 2 RNA, shows labelling kinetics different 
from those of chromosomes I to III (refs 2-4), and therefore 
the present analyses of chromosomal RNA do not include RNA 
from chromosome IV. 

To demonstrate the effect of DRB on the initiation of 
hnRNA synthesis in chromosomes I to III, explanted glands 
were preincubated with DRB for 15 and 30 min before labelling 
for 20 min with tritiated cytidine and uridine in the continued 
presence of the analogue (Fig. 1). The control glands were 
labelled in similar conditions, but without inhibitor. The electro- 
phoretic profile of labelled chromosomal hnRNA from control 
cells shows an heterogeneous distribution of molecules in the 
16-100S range as described earlier**"*, When DRB was added to 
the incubation system 15 min before isotopic nucleosides, there 
was an almost complete disappearance of label in the 23-38S 
range of hnRNA, but incorporation into the 75-100S region 
was considerably less affected, as observed previously. If, how- 
ever, the preincubation period with DRB, before administration 
of the tritiated RNA precursors, was prolonged from 15 to 
30 min, the synthesis of short hnRNA molecules as well as of 


Fig. 1 Electrophoretic analysis of chromosomal hnRNA 
labelled for 20 min in the absence and in the presence of DRB 
after preincubation in the presence of DRB. Salivary glands 
were incubated at 18 °C for 15 and 30 min in 50 yl of incubation 
medium containing DRB (65 uM). They were then transferred 
to another 50 ul of the same medium containing DRB, 100 pCi 
of *H-cytidine at 29 Ci mmol~! and 200 pCi of *H-uridine at 
44 Ci mmol ~ (Amersham) and incubated for 20 min. Labelling 
with tritiated nucleosides in the absence of DRB was carried out 
in parallel. For labelling with isotopic nucleosides after pre- 
incubation for 15min (@ and A) sister glands were used. 
Chromosomes I to III were microdissected from 20 cells (four 
glands). The labelled RNA from each sample was released 


by Pronase-sodium dodecyl sulphate treatment, and the 
electrophoresis was carried out in 1% Agarose gel. Before 
radioactivity measurement, the gel was sliced and the slices 


counted in a Packard liquid scintillation spectrometer (Model 
3380). E. coli RNA was used as marker. The position of 75S 
and 38S were determined in parallel analyses of BR 2 RNA 
and nucleolar RNA, respectively. @, Normal cells; A, 15 min 
of preincubation in DRB; O. 30 min of preincubation in 
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Fig. 2 Electrophoretic analyses of chromosomal hnRNA 
lled for 15 min without preincubation in DRB, and after 
preincubation in DRB followed by removal of DRB from the 
cells before addition of isotopic nucleosides. Four glands were 
incubated at 18°C for 30 min in 50 yl of incubation medium 
containing DRB (65 uM). The glands were then transferred to 
an inhibitor-free medium, and were rinsed 3 times each in a 
volume of 0.5 ml. They were then placed in 50 ul of DRB-free 
medium containing 100 pCi of *H-cytidine and 200 pCi of 
*H-uridine and incubated for 15 min. For labelling with tritiated 
nucleosides without preincubation with DRB (control glands), 
the sister glands were used in an otherwise parallel procedure. 
Chromosomes I to III were dissected from 20 cells (four glands), 
For other data see the legend to Fig. 1. @, Normal cells; ©, 
DRB-treated cells. 


long molecules was equally interrupted, though 5-10°% of the 
labelled material, distributed evenly over the whole spectrum, 
survived the drug treatment. On the basis of these and previous 
observations?', it seems likely that the DNA segments which 
serve as template for hnRNA synthesis are essentially cleared of 
nascent RNA chains 30 min after addition of DRB. 

An efficient reinitiation of transcription after inhibition by 
DRB is conditional on first, that the intracellular DRB con- 
centration is rapidly reducable to a level not being inhibitory; 
and second, that the interference of DRB or DRB metabolite 
(presumably a DRB triphosphate) with the initiation 
mechanism is reversible after removal of the compound 
from the cells. Experiments were designed to clear the DNA 
template of nascent hnRNA chains by blocking the initiation of 
new chains with DRB for 30 min, and then to reverse the 
inhibition of initiation simply by washing out DRB from the 
cells. After rinsing in excess volumes of incubation medium 
lacking the inhibitor (3 x 0.5 ml), the glands were incubated for 
15 min in a drug-free medium supplemented with tritiated 
cytidine and uridine (Fig. 2). The control glands were incubated 
for the same period but without DRB throughout. Although 
the electrophoretic analysis of hnRNA derived from control 
cells shows heterogeneous distribution of label in the 16-100S 
range***, the corresponding analysis of hnRNA from DRB- 
pretreated and washed glands shows essentially one broad and 
somewhat asymmetric peak in the 23-38S region. It has a 
rather steep slope on the high molecular weight side, but is less 
steep on the other side. Thus, 15 min after removal of DRB 
from pretreated glands, transcription inhibition seems to be 
reversed, and a reinitiation of hnRNA synthesis has been 
taking place. The maximum sizes of hnRNA chains initiated 
and elongated after removal of inhibitor are, however, signifi- 
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cantly less than that of hnRNA produced by cells with an 
uninterrupted and continuous initiation of transcription. Most 
of the labelled chains have a molecular size not exceeding that 
of the 38S marker, although there is also some label in the 
38-100S range. This latter material can probably be attributed 
to radioactivity associated with growing chains which were not 
eliminated during pretreatment with DRB (refs 1, 2 and 
Fig. 1). Such uninhibited RNA chains of the larger trans- 
criptional units are then able to produce labelled hnRNA 
molecules in the 38-100S range immediately after administra- 
tion of labelled RNA precursors irrespective of whether or not 
reinitiation is taking place. 

To follow the sequence of hnRNA events after drug treatment 
and replenishment with drug-free medium, isotopic nucleosides 
were added to the glands 5 min (Fig. 3a) and 30 min (Fig. 3b) 
after removal of DRB, and the incorporation continued for 
20 min. Control glands were incubated in a similar way but in 
the absence of inhibitor throughout incubation. The electro- 
phoretic profile of chromosomal hnRNA, derived from glands 
to which tritiated nucleosides were introduced 5 min after 
removal of DRB, agrees reasonably well with that of hnhRNA 
extracted from control cells in the range below the 38S marker 
(Fig. 3a). The amount of labelled material in the 38-100S range, 
however, is lower in treated cells, decreasing gradually from the 
38S region towards the 100S range. In the 75-100S region, it 
comprises 30-40% of the radioactivity level found in the 
normal pattern. Considering that escape labelling of hnRNA 
during DRB treatment constitutes not more than 5-10% of the 
uninterrupted RNA labelling, it seems probable that re- 
initiated 75-100S RNA molecules have attained their maximum 
size (finished transcripts) 25 min after reversal of inhibitory 
action. It should be observed, however, that even though 
reinitiated hnRNA chains in the 75-100S range have been 
completed 25 min after removal of DRB, the amount of labelled 


Fig. 3 Electrophoretic analyses of chromosomal hnRNA 
labelled for 20 min without preincubation in DRB, and after 
preincubation in DRB followed by removal of DRB from the 
cells before addition of isotopic nucleosides. In each experiment 
four glands from four different animals were incubated at 18 °C 
for 30 min in 50 yl of incubation medium containing DRB 
(65 uM). The glands were then transferred to an inhibitor-free 
medium and rinsed 3 times each in a volume of 0.5 ml and placed 
in 50 pl of fresh medium for a, 5 and b, 30 min. Next, 100 pCi of 
*H-cytidine and 200 Ci of *H-uridine were introduced to the 
medium and the glands were labelled for 20 min. For labelling 
with tritiated nucleosides without preincubation in DRB (control 
glands), the sister glands were used in an otherwise parallel 
procedure. Chromosomes I to III were dissected from 20 cells 
(four glands). For other details see the legend to Fig. 1. @, 
Normal cells; O, DRB-treated cells. 
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RNA in this part of the spectrum is, still 60-70% lower than 
that in untreated cells. This may be because: (1) transcription 
initiation is not restored to normal efficiency after replacement 
of medium containing DRB with inhibitor-free medium (partial 
reinitiation); and/or (2) finished hnRNA molecules accumulate 
after their completion on chromosomes I to III. The latter 
would imply that chromosomal RNA extracts from control 
cells contain a larger quantity of finished molecules than that 
from cells which were pretreated with DRB for 30 min and 
incubated in inhibitor-free medium for 25 min after removal of 
DRB (Fig. 3a). 

The finding that hnRNA molecules migrating faster than 38S 
display a normal rate of labelling if isotopic nucleosides are 
added 5 min after transferring glands to drug-free medium 
(Fig. 3a) argues against inefficiency in transcription reinitiation. 
Previous observations that hnRNA on the chromosomes I to 
IM attains maximum specific activity after 45-90 min of in- 
corporation*, whereas the labelling of Balbiani ring RNA of 
similar size reaches a plateau value after 20 min of labelling!’ 
are compatible with an accumulation of hnRNA molecules on 
the chromosomes I to III after their completion. Therefore, to 
restore the rate of labelling and accumulation of chromosomal 
75-100S RNA to the normal condition after removal of DRB 
from inhibited cells, incubation for 20 min or longer would be 
required before the addition of radioactive RNA precursors. In 
the experiment shown in Fig. 3, the interval between washing 
and replenishing DRB-treated glands with drug-free medium 
and administration of isotopic nucleosides was prolonged to 
about 30 min. As predicted, the electrophoretic patterns of 
chromosomal hnRNA derived from inhibited and washed cells 
and from untreated cells display a reasonably good agreement, 
although absolute equality cannot be claimed. The results in 
Fig. 3 strongly indicate that 25 min of incubation after washing 
out DRB from cells (5 min in the absence plus 20 min in the 
presence of radioactive nucleosides) pretreated with the drug 
for 30 min, is sufficiently long to reinitiate, elongate and 
complete hnRNA chains migrating as 75-100S RNA. To 
bring the rate of the synthesis (accumulation) of the largest 
hnRNA molecules on the chromosomes I to III to a level 
similar to that before exposure to transcription inhibition, 
however, incubation in inhibitor-free medium for at least 30 
min is demanded’ after removal of DRB. The principal reason 
for that is probably the accumulation of newly made hnRNA on 
chromosomes I to III rather than, or in addition to, an in- 
efficient reinitiation of the transcription. 
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Inactivation of parathyroid hormone mRNA 


by treatment with periodate and aniline 

TRANSLATION of parathyroid hormone (PTH) mRNA in 
extracts of wheat germ' or Krebs II ascites cells’ produces a 
polypeptide which contains the structure of PTH but which 
is larger than either PTH or its biosynthetic precursor 
proparathyroid hormone™* (proPTH). In the wheat germ 
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system, this cell-free protein, designated pre-proparathyroid 
hormone (pre-proPTH) contains a methionine at the amino 
terminus’ derived from initiator methionyl-tRNA". Although 
this observation suggests that initiation of the synthesis of 
pre-proPTH is normal in the cell-free system, it is possible 
that in vitro initiation occurs at a codon that codes for an 
internal methionine in vivo. Such an artefact could be 
due to a degraded mRNA in which the in vivo initiator 
codon is lost or inactivated. 

Recent studies on the structure of MRNA have suggested 
a method for demonstrating that an isolated mRNA is intact 
at the 5’ end and thus that the proper initiator codon is pre- 
sent. Many mRNAs of viruses and eukaryotic cells have been 
shown to be blocked at the 5’ end by a 7-methlyguanosine 
linked through its S’ hydroxyl by way of a triphosphate or 
pyrophosphate to the 5’ hydroxyl of the penultimate 
nucleoside’. This 5’-5’ linked structure is necessary for the 
translation of mRNAs of vesicular stomatitis virus, reovirus, 
and haemoglobin*’ and mRNA from brine shrimp”. The 
7-methylguanosine can be removed from the mRNAs by 
oxidation with periodate followed by a 8 elimination 
reaction catalysed by aniline’. I have compared the effects 
of periodate and aniline treatment on the activity of PTH 
mRNA with the effects on the activities of haemoglobin 
mRNA which has a blocked 5’ terminus and with satellite 
tobacco necrosis virus (STNV) mRNA which does not con- 
tain a methylated blocked 5’ terminus” and is actively 
translated in the wheat germ cell-free protein synthesising 
system without being methylated (J. M. Clark, Jr, personal 
communication). 

Treatment with periodate followed by aniline inhibited 
the translation of PTH and haemoglobin mRNAs by 90% 
or more, compared with controls incubated in the same 
manner without periodate and aniline (Fig. la and b). In 
contrast, the activity of STNV mRNA was inhibited only 
about 15% by this treatment, an inhibition similar to that 
observed in the control incubated with aniline alone (Fig. 
lc). Treatment with periodate alone substantially reduced 
the activity of haemoglobin and PTH mRNA but had no 
inhibitory effect on STNV RNA. The resistance of STNV 
RNA to this treatment minimises the possibility that the 
periodate inhibition is a nonspecific effect. The inhibition 
may be due to spontaneous £ elimination of the oxidised 
mRNA, or the oxidation of the sugar moiety on methyl- 
guanosine may alter the 5’ end enough to decrease the 
efficiency of initiation. The present data do not allow us to 
distinguish between these two possibilities. Rao ef al.”, 
however, have shown that periodate treatment alone com- 
pletely inhibits the activity of rat liver mRNA and have 
concluded that the unoxidised ribose is required for activity. 
It is not clear why they observed nearly 100% inhibition 
after periodate oxidation and I observed only a 50% 
inhibition. 

The effect of aniline treatment alone on the activity of the 
mRNAs was somewhat variable. The activity of haemo- 
globin mRNA was not reduced by aniline treatment while 
PTH mRNA and STNV RNA were inhibited by about 
50 and 15%, respectively. Steinschneider and Frankel- 
Conrat have reported that aniline treatment alone reduced 
the infectivity of tobacco mosaic virus RNA by 50% and 
that some aniline was tightly bound to the RNA and could 
not be removed by extensive washing™. Thus, different 
mRNA may be differentially sensitive to treatment by 
aniline. 

Although treatment with either periodate or aniline alone 
reduced the activity of PTH mRNA, the inhibition after 
treatment with both chemicals was more than simply a 
summation of the two individual inhibitions. In the experi- 
ment shown in Fig. la, the sample treated with aniline 
and periodate should have been about 25% of control if 
the effects of aniline and periodate were additive instead 
of the observed 4%, of control. In another experiment the 
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treatment with aniline and periodate was reversed. The 
samples treated with either periodate or aniline alone were 
73% and 85% of control, respectively. The sample treated 
in reverse order with aniline and periodate was 54% of 
control, near the 62% expected as a result of simple 
additive effects, while the sample treated with periodate 
and then aniline was 19% of control. The inhibition was 
less in this experiment than that shown in Fig. 1, probably 
because 0.27 M aniline was used instead of 0.33 M aniline. 
This synergistic action suggests that the effect of the 
periodate /aniline treatment is the result of a -elimination 
reaction which would be expected if PTH mRNA has a 
nucleoside in 5’—5’ linkage at the 5’ end. 

Analysis of the products of the translation of the mRNAs 
in the wheat germ extracts by sodium dodecyl sulphate slab 
gel electrophoresis is shown in Fig. 2. Each of the mRNAs 
directs primarily the synthesis of the expected protein 
products. If STNV RNA is mixed with either PTH mRNA 
or haemoglobin mRNA, both the RNAs in the mixture 
direct the synthesis of their respective proteins (Fig. 2b 
and g) but after treatment of the mixture with periodate 
and aniline, essentially only STNV proteins are observed 
(Fig. 2c and h). 

These experiments demonstrate that inactivation of 
mRNAs by treatment with periodate and aniline is an 
effective means of determining whether mRNAs contain a 
S’-S’ linked nucleoside at the 5’ terminus, particularly with 
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Fig. 1 Translation in wheat germ extracts of PTH (a), 
haemoglobin (b) and STNV (c) mRNAs after treatment with 
periodate and aniline. Haemoglobin mRNA was isolated as 
described by Labrie’. Parathyroid RNA sedimenting between 
8S and 14S (designated PTH mRNA in this report) was isolated 
as described previously! with modifications. Bovine parathyroid 
glands were obtained at the time of slaughter and were stored 
in liquid nitrogen. About | g of glands was sliced and then 
homogenised for | min in a Waring blender in 5 ml of phenol, 
5 ml of chloroform containing 4°% isoamyl alcohol and 2 ml of 
10% sodium dodecyl sulphate. 5 ml of buffer (0.01 M Tris-HCl, 
pH 7.4, 0.1 M NaCl, 0.001 M EDTA, 0.1% sodium dodecyl 
sulphate) was added and RNA was extracted by shaking with 
phenol-chloroform as described previously. DNA and low 
molecular weight RNA were extracted from the sample with 3 M 
sodium acetate, pH 6.0, 7.5 mM EDTA" and the RNA 
sedimenting on a sucrose gradient from 8S to 14S was isolated 
from the high molecular weight RNA as before’. The mRNAs 
were incubated with periodate and aniline as described by 
Steinschneider and Fraenkel-Conrat'™ and modified by Mayer 
et al.. 10 ug of haemoglobin or STNV mRNA or 4 ug of 
PTH mRNA were incubated in 50 ul of 0.1 M sodium acetate, 
PH 5.3, I mM EDTA containing | mM sodium periodate for 2 h 
at room temperature in the dark. Glucose was added to 10 mM, 
150 ul ethanol were added and RNA was precipitated overnight 
at —20 °C. The RNA was centrifuged in a Brinkman microfuge, 
washed with ethanol, dried under vacuum and dissolved in 50 pl 
of 0.33 M aniline HCl. After incubation for 2 h at room 
temperature in the dark, NaCl was added to 0.3 M and 150 ul 
of ethanol were added. The samples were left overnight at 
—20 °C, and the RNA was centrifuged, washed twice with 
ethanol, dried under vacuum and dissolved in 25 pl of H,O for 
translation in the wheat germ extracts. Controls were incubated 
in the same manner except that either aniline or periodate or 
both were not added. Conditions for the translation of the mRNA 
in the wheat germ cell-free system have been described'. 5-10 pCi 
of *°S-methionine (300 Ci mmol~', Amersham Searle) were added 
to each reaction of 25 yl. Total trichloroacetic acid-insoluble 
radioactivity was determined in 1- or 2- ul aliquots of the reaction. 
The amounts of radioactivity and RNA indicated in the figure 
are the c.p.m. and jig, respectively, in a reaction of 25 yl. The 
amount of radioactivity (a, 0.43 x 10° c.p.m.; b, 0.26 x 10° c.p.m.; 
and c, 0.45 x 10°) incorporated into protein if mRNA was not 
added to the reaction was subtracted from each of the plotted 
values. @, Incubated without aniline or periodate; A, incubated 
with aniline and without periodate; ©, incubated with periodate 
and without aniline; A, incubated with periodate and aniline. 


an impure preparation of mRNA such as that used in this 
report for PTH mRNA when direct chémical analysis is 
not possible. The inactivation of haemoglobin and PTH 
mRNAs by this treatment supports studies with other 
mRNAs indicating that the blocked 5’ end is required for 
maximal activity of mRNA*"’. Simply demonstrating that 
periodate-aniline treatment causes inhibition of mRNA 
activity is not sufficient to conclude that a particular MRNA 
contains such a 5’-5’ linked nucleoside since treatment with 
aniline or periodate alone can cause substantial inhibition. 
The controls of treatment with aniline or periodate alone 
are thus essential to interpreting the results. Furthermore, 
addition of a mRNA without a blocked 5’ terminus to the 
reaction as in the experiment in Fig. 2 can control other 
nonspecific factors such as RNase activity or physical loss 
of the mRNA during the procedure. For the many mRNAs 
that contain polyadenylic acid, the demonstration of a 
blocked 5’ end by this method, combined with the 
demonstration that polyadenylic acid is present at the 3’ 
end, will be useful criteria for establishing that a mRNA 
has not been partially degraded during isolation. 

The data presented indicate that PTH mRNA contains a 
blocked 5’ terminus and thus is probably intact at the 5’ 
terminus, If this is true, then the normal initiator codon 
in vivo is present and it is unlikely that the translation of 
PTH mRNA in vitro is the result of false initiation at an 
internal codon. This further strengthens the contention that 
pre-proPTH represents all of the information present in 
PTH mRNA that is translated into protein. 

I thank Dr John M. Clark, Jr for providing STNV RNA 
and for helpful discussions and Calihan and Co., Meats, 
Peoria, Illinois, for the bovine parathyroid glands. This 
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Fig. 2 Analysis by sodium dodecyl sulphate gel electrophoresis 
of the radioactive proteins synthesised in the wheat germ extracts. 
Translation of mRNA was as described in the legend to Fig. 1 
and 5 ul of the reactions were analysed on 15% acrylamide slab 
gels according to Laemmii'* as described previously®. The auto- 
radiogram was prepared by exposing the dried gel to Kodak RP 
Royal X-ray film for 18 h. RNA added to each reaction of 25 ul 
was: a, 0.2 ug haemoglobin mRNA; b, 0.2 ahs haemoglobin 
mRNA-+0.4 pg STNV mRNA; c, same as b after treatment of 
the mixture with periodate and aniline; d, 0.4 ug STNV RNA; 
e, none; f, 1.6 ug PTH mRNA; g, 1.6 ug PTH MRNA+0.8 ug 
STNV mRNA; A, same as g after treatment of the mixture with 
periodate and aniline; i, 0.8 pg STNV mRNA. The positions of 
haemoglobin, STNV coat protein and pre-proPTH are indicated 
« by H, S, and P, respectively. 
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Aqueous glasses as matrices in 


freeze-fracture electron microscopy 


FREEZING is an important technique in the preservation of the 
morphology of biological materials for electron microscopic 
examination. Methods relying on freeze-fracturing, some- 
times followed by etching, have been developed and have led to 
advances in the interpretation of biological ultrastructure’. 
Other, related applications of freezing are for the preservation 
of biological activity* and the preparation of biological speci- 
mens for microanalysis of low molecular weight components’. 
The freezing of cells and tissues can, like all other methods of 
fixation, give rise to artefacts, although probably to a lesser 
extent than the more traditional methods. The most important 
factors governing the quality of biological freezing include the 
size distribution of the ice crystals, the extent of supercooling 
and the possibility cf osmotic dehydration and shrinkage of 
cells. Very high cooling rates are considered essential to mini- 
mise the deleterious effects of ice crystals, and to overcome 
excessive osmotic shrinkage of cells by extracellular ice forma- 
tion, the use of cryoprotective agents is common. It is believed 
that an effective, penetrating cryoprotectant must diffuse into 
the cell without, at the same time, interfering with its mor- 
phology. Glycerol and dimethylsulphoxide fulfil these condi- 
tions and are widely used as cryoprotectants, although it is 
known that they can interfere with the physiological functions 
of some cells‘. 

The available evidence suggests that, in the appropriate 
conditions, the cell contents are readily supercooled’, and so it 
should be possible to protect cells from freeze damage by 
controlling the formation and growth of ice nuclei in the 
extracellular fluid, even in the absence of penetrating cryo- 
protectants. We have achieved this using water-soluble 
synthetic or modified natural polymers. 

In favourable conditions, suitable polymers in aqueous 
solution can be made to yield vitreous states which are devoid 
of ice crystallites at low temperatures. The experimental 
requirements are a combination of high viscosity (that is, 


Fig. 1 50% PVP solution quenched, freeze-fractured and sub- 
sequently etched for 5 min at 173 K. (x 19,440) 
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high molecular weight and adequately high concentration) and 
fast cooling. Even where, for practical reasons, complete 
vitrification is not possible and submicroscopic ice nuclei 
develop during quenching, these are prevented from growing 
at the temperatures normally used for freeze-fracturing (120- 
170 K) by the very low diffusion rates in the embedding polymer 
solution. One of the main advantages of polymeric cryopro- 
tectants is their inability to penetrate the cell, so they are less 
likely to interfere with the physiological functions, or alter 
the morphology. Also, by virtue of their high molecular weights, 
they cause hardly any osmotic flow of water from the cell. 

The polymers which are most effective for the achievement of 
vitreous states are those with a large water-binding capacity, 
for example, polyvinyl pyrrolidone (PVP), polyvinyl! alcohol, 
dextran and polyethylene glycol. Several others, such as modi- 
fied starches and celluloses, although interacting strongly with 
water, do not yield sufficiently concentrated solutions at the mole- 
cular weights normally obtainable. Most of our exploratory 
work has been with PVP of average molecular weights 44,000 
and 700,000, used at concentrations of 25 and 50 weight %. 
The aqueous solution of the polymer was quenched in melting 
Freon 22 and then transferred to liquid nitrogen. It was freeze- 
fractured (Balzer BA 360M Freeze Etching Unit) at 173 K, 
some specimens subsequently being etched at this temperature. 
Tungsten/tantalum replicas backed with carbon were prepared 
and examined by transmission electron microscopy. 

Figure | shows an electron micrograph of a quenched 50% 
PVP of average molecular weight 44,000. At the magnification 
used there is no evidence of any ice crystals, and the largest 
structural units are ~ 10nm in diameter. Figure 2 represents 
two differential scanning thermograms (Perkin Elmer DSC.2) 
obtained by cooling and heating the same solution. Although 
the fastest cooling rate which could be achieved in the calori- 
meter was only 80 K min-, the cooling trace shows the com- 
plete suppression of ice formation; instead a vitrification 
(7,) is indicated at 200 K. The same 7; is seen in the warming 
trace (10 K min), followed by a devitrification (Ta) at 220 K, 
and finally by melting (Tm). These transition temperatures are in 
reasonable agreement with those reported previously’. 

A 25% PVP solution, treated in the same way showed 
(Fig. 3) general structural features similar to those in Fig. 1, 
but ice nucleation sites which have given rise to spherulitic 
crystallites of micrometre dimensions are indicated. Raising 


Fig. 2 Differential scanning thermogram obtained by heating a 
50%, PVP solution. 7,, Glass transition; Ty, devitrification; 
m, Melting point. 
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Fig. 3 25% PVP solution treated as for Fig. 1. ( 19,440) 


the temperature and maintaining it at 200 K for 2h did not, 
however, lead to a further crystal growth. 

These processes in the 25% solution could not be monitored 
by scanning calorimetry, because even the fastest cooling rate 
which could be achieved in the calorimeter was too slow to 
prevent the total freezing of the solution. This confirms a 


Fig. 4 Nerve cell from the interganglionic connective from the 

cockroach (Periplaneta americana) central nervous system. 

Freshly dissected tissue was incubated in byffered 50% PVP 

for 30 min before quenching. Microtubules (arrows) can be 

distinguished clearly in the cytoplasmic background, showing 
the absence of ice damage. (x 18,000) 
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previous observation®, made using a calorimeter especially 
designed for much faster cooling, where it was not possible to 
identify T,, because ice developed during sample cooling. 

Experiments were also carried out in which PVP solutions 
containing single cells and tissues of animal and plant origin 
were similarly quenched and fractured. In all cases, extra- 
cellular medium had the appearance shown in Fig. 1 and no 
ice crystals could be detected in the cytoplasm. Figure 4 shows 
an example taken from the central nervous system of the 
cockroach. The cell shown comes from the centre of the tissue 
which is ~ 1 mm thick and the absence of ice in the cytoplasm 
suggests that intracellular cryoprotection is afforded even when 
the cell is not in direct contact with the medium containing the 
polymer. 

Further work is in progress to investigate the influence of 
different polymer systems and different experimental condi- 
tions on the morphological details of quenched cells and tissues. 
A more detailed report will be published elsewhere. 

We thank Mr W. M. Lee for technical assistance with the 
freeze-fracturing and Mr R. Hemming for performing the 
scanning calorimetry. 

FELIX FRANKS* 
Department of Botany, 


HELEN LE B. SKAER 


ARC Unit of Invertebrate Chemistry and Physiology, 
Department of Zoology, 

University of Cambridge, 

Cambridge, UK 


Received February 4; accepted June 8, 1976 


*Permanent address. Biosciences Division, Unilever Research Laboratory Colworth/ 
Welwyn, Colworth House, Sharnbrook, Bedford MK44 1LQ, UK. 


1 Freeze Etching Techniques and Applications (edit. by Benedetti. E. L., and Favard, 
P ),(Société Francaise de Microscopie Electronique, Paris, 1973). 

2 Farrant, J., Proc. R. Soc (ın the press). 

3 Echlin, P., ‘I Microscopie Biol. cell., 22, 215-226 (1975). 

4 Moor, H., Phil. Trans. R Soc., B261, 121-131 (1971). 

5 Rasmussen, D. H , Macaulay, ™M N., and MacKenzie, A. P., Cryobiology, 12, 
328-339 tsis)’ 

6 MacKenzie, A and Rasmussen, D. H , ın Water Structure at the Water~ 
Tope ‘Interface (edit. by Jellinek, H. H. G. ), 146-172 (Plenum, New York, 





The hinge-bending mode in lysozyme 
A COMPLETE description of an enzyme requires a knowledge of 
its structure and the dynamics of its function. From the crystal 
structures of enzymes and enzyme-inhibitor complexes and the 
known chemistry of model systems, it has been possible in some 
cases to draw reasonable inferences concerning the mechanisms 
of enzyme-catalysed reactions. Little has been done so far, 
however, to supplement such essentially static results by an 
investigation of the reaction dynamics. This requires an under- 
standing of the internal motions of the enzyme, as well as those 
of the substrate, since both are likely to be essential to the func- 
tion. Here we present a theoretical study of a low frequency 
vibration involving the two globular lobes of lysozyme between 
which the cleft containing the active site is located'. Any motion 
involving this cleft could play a part in the catalytic activity; in 
fact, atom displacements of up to 0.75 A found in a comparison 
of the free enzyme and the enzyme-inhibitor complex indicate 
that the cleft has closed down in the latter. The force constant 
for the low frequency bending vibration corresponding to the 
opening and closing of the cleft is obtained from empirical 
energy functions®. Because the protein surface moves appre- 
ciably during the vibration, damping effects resulting from the 
viscous dissipation in the solvent are included in the calcula- 
tion*5, 

To model the hinge-bending mode, the lysozyme molecule is 
assumed to be composed of two essentially rigid lobes (lobe 1: 


residues 5-36 and 98-129; lobe 2: residues 40-94), connected by 


t 
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ahinge region consisting of the amino-terminal end (residues 1—4) 
and two short polypeptide chain segments (residues 37-39, 95-97) 
running from one lobe to the other!. A natural axis parallel to 
the cleft is obtained for the bending motion by passing a line 
through C,38 and C497, an excellent view of the cleft and the 
chosen axis can be obtained from diagram L4 of Dickerson and 
Geis®, 

The bending motion of lysozyme in the presence of solvent is 
determined by the Langevin equation for a damped harmonic 
oscillator’, which has the form 


È 


Thy re 0 Ke = NA?) (1) 


Here, 8 is the angular displacement from the equilibrium posi- 
tion, J the effective moment of inertia, f the friction coefficient, 
and k the force constant associated with the relative motion of 
the lobes; N,(f) represents a randomly fluctuating torque 
characteristic of Brownian motion. The properties of a system 
governed by equation (1) are well known’. To apply the results 
to the present case, it is necessary only to determine the para- 
meters J, f, and k. 

The force constant k was estimated from an empirical energy 
function that expresses the total conformational energy as a 
function of the Cartesian coordinates of the heavy atoms’; it 
includes terms associated with bond lengths, bond angles, 
dihedral angles, hydrogen bonds and non-bonded interactions. 
To obtain an equilibrium starting structure, the real space 
refined coordinates of lysozyme® were subjected to 200 steps of 
steepest-descent energy refinement. The potential function for 
bending was then determined by rotating residues 39-96 rigidly 
about the chosen axis and computing the conformational 
energy of the distorted protein as a function of the bending 
angle. To obtain a more realistic potential function, the same 
rigid rotations were performed, but at each bending angle there 
followed a 100-cycle energy minimisation which allowed for 
adiabatic relaxation of the protein’. The bending angle was kept 
fixed during the relaxation by imposing constraints on residues 
distant from the hinge in the interior of each lobe (residues 
44-51, 61 and 65-73 in lobe 2, residues 109-122 in lobe 1). The 
results of the two calculations are shown in Fig. 1; a parabolic 
fit to the points yields the force constants kr = 4.1 x 10“ erg 
rad~ mol (rigid), and ka = 3.3 x 102% erg rad~* mol 
(adiabatic). Total moments of inertia about the bending axis 
were computed for residues 38-97 (Z,) and for the rest of the 
molecule (J,); the values are J, = 1.01 x 107" g cm? mol— and 
J, = 1.08 x 10° g cm? mol. Water molecules associated 
with the protein were ignored in this calculation. The friction 
coefficient was estimated by a modified Stokes law® appropriate 
for the hydrodynamic interaction of two spheres of radius 10 A 
separated by a gap of 5 Å, undergoing small relative motions 
about an axis 20 A from the sphere centres; the resulting value is 
f= 5.7 x 10? gcm*s mol. 

If hydrodynamic effects are neglected, equation (1) reduces to 
the equation for a simple harmonic oscillator. With the approxi- 
mation J = (/,J,/I, + J2), the resulting frequencies are œ, 
15 cm and œ, = 4.2 cm—. These very low frequencies result 
from a balance between the large force constant and the large 
moment of inertia associated with the bending motion. The 
effective CCN bending force constant for an a carbon is 2 x 101? 
erg rad~* mol- less than 1/100fk,. The additional contributions 
to ka come from a large number of non-bonded contacts (20-50, 
depending on the bending angle), involving atoms in the hinge 
region and in the lobes (for example, for closing, Leu 560... 
Trp 108 Ne,, Trp 63 Cy, . . . Asp 101 Os, and for opening His 
15 Ne; . . . Thr 89 O,,, His 15 Cs,... Thr 89 O,,). The large 
difference between k, and ka arises from small atomic displace- 
ments (<0.5 A) that alleviate the close non-bonded contacts 
produced by the rigid motion. 

Introduction of the hydrodynamic terms in equation (1) 
demonstrates that for an aqueous medium the inequality 
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Fig. 1 Change in conformational energy produced by opening 
(8 <0) or closing (0>0) the lysozyme cleft. Calculated values 
are for the rigid bending potential (A), and for the adiabatic 
bending potential (@); the curves are parabolic fits to the 
points. The 8=0 value corresponds to the minimum energy 
geometry for each of the potentials; the adiabatic minimum 
corresponds to an energy 34 kcalorte mol! below the rigid curve 
and is displaced toward a more open configuration by 5°. 


(f? > 41k) is satisfied so that the motion is ‘overdamped’; 
that is, rather than vibrating periodically with the calculated 
frequency, the two lobes move relative to each other in a 
diffusive manner in accord with the Smoluchowski equation’. 
Quantitatively, the inertial effects decay rapidly, with a time 
constant Tı = (If) ~ 107} s, and the relaxation time for 
displacements from equilibrium is te œ fka ~ 2x107" s; 
this latter value is to be compared with the undamped vibration 
period, t = 8x 1072s. 

The time constant Te for the diffusional displacement of the 
lobes is sufficiently large to justify the use of the adiabatic 
potential; that is, the local torsional and bending motions 
required to remove the repulsive contacts have vibrational 
periods that are much shorter than Tp». 

It is possible that the cleft motion involving the active sıte 
cleft has a significant effect on the rate constants for substrate 
binding to lysozyme. The time required for a molecule the size 
of glucose to diffuse freely 5 Å is > 5x107" s at 300 K, and, 
thus, substantially > tə. Since opening or closing fluctuations 
on the order of twice the root mean square value (<02>1/2 ~ 
1.6°) correspond to displacements of over 1 A in the outer 
part of the cleft region, the coupling between substrate binding 
and the cleft vibrational mode requires a more detailed study 
taking into account the enzyme-substrate interaction; for 
example, the motion could be significantly perturbed by the 
presence of the substrate. 

It is important also to note that the lobe motion examined 
here is so rapid, compared with the transport phenomena 
usually considered for biopolymers (such as diffusion and 
sedimentation), that the traditional approximations of in- 
compressible and quasi-steady flow used in determining f have 
to be questioned. In particular, the Reynolds number, which 
measures the deviation from quasi-steady flow’, =R?/nt9, 
is 0.1-0.2 (R ıs the lysozyme radius and 7 is the kinematic 
viscosity) and the Mach number, which measures the deviation 
from incompressible flow!!, =R/cto, is 0.1 (c 1s the speed of 
sound in water). Thus, the present treatment is valid only as a 
first approximation. Moreover, a more detailed molecular 
approach to the solvent behaviour (for example, the water in 
the cleft) might be appropriate, although computer studies 
indicate that bulk water responds in a viscous manner to 
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shearing forces on the molecular scale for times greater than 
5x 10713 s (ref. 12). 

The method used and the results obtained for the diffusive 
behaviour of the hinge-bending mode of lysozyme may 
be of wider interest in the theory of biopolymers. Active 
site clefts are found in many enzymes! and their opening and 
closing may be generally involved in the substrate-binding step. 
Also, the relative displacements of domains or subunits, which 
are linked by flexible hinges (as in the immunoglobulins'*-"*) 
or interact only by non-bonded forces (as in the haemoglobin 
tetramer’’) are likely to require similar considerations, in which 
the balance between internal forces and hydrodynamic damping 
effects are essential. Finally, any experiments designed to 
observe such motions?!®!* will have to take account of the 
results obtained here (for example, preliminary calculations 
indicate that the Raman band associated with the lysozyme 
bending mode will be damped out in solution, although binding 
of an inhibitor could lead to underdamped motion and an 
observable Raman band). 

We thank John Deutch for discussions and the NSF and 
NIH for support. The lysozyme coordinates were provided by 
R. Diamond. 
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Structure of bilirubin 


Tune biological breakdown of haem proceeds through a series of 
intermediates of which the orange-yellow bile pigment, bili- 
rubin, the chromophore responsible for coloration in the 
various forms of jaundice, ıs a key member. In the adult human, 
for example, erythrocytes have a lifetime of about 3 months 
and their destruction produces about 300 mg bilirubin each 
day!?. Although there were some early doubts (arising from ' 
the possibility of a cyclisation between the C18 vinyl group and 
the oxygen function at C19), the gross chemical structure 
(Fig. 1) for bilirubin has been beyond reasonable dispute for 
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Fig. 1 Gross structure of bilirubin (also called bilirubin IXa). - 


many years‘. There remain, however, considerable structural 
uncertainties with respect to (1) stereochemistry, the geometry 
around bridges 5 and 15 being unknown, and represented vari- 
ously as E or Z in the current literature. (The two configurations, 
E and Z, have been recognised in a model pyrromethanone 
system, however, (see ref. 5 and Fig. 2)); (2) tautomerism, 
although spectroscopic evidence favours the lactam formula for 
rings A and D (shown in Fig. 1) over the lactim®*; and (3) 


EZ. 
E A 


N N 
H H 
H 

Fig. 2 a, Z configuration; b, E configuration. 


conformation, although several speculations, supported by 
spectroscopic evidence and model making, are available", 
We report the X-ray analysis of bilirubin—the first such 
analysis of a naturally occurring linear tetrapyrrole—which 
shows that bilirubin has the Z configuration at the C4-C5 and 
C15-C16 bonds, and possesses in the crystal a ridge tile con- 
formation with considerable intramolecular hydrogen bonding. 

Crystals of biligubin were grown by allowing diethyl ether to 
diffuse slowly (isothermal distillation technique, room temper- 


` Fig. 3 Structure of bilirubin. Hydrogen bonds are indicated by 
fine lines. 
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Fig. 4 Structure shown ın Fig. 3 ın simplified form. 


l ature, dark) into a solution of bilirubin in anhydrous pyridine 


containing a trace of anhydrous ammonia. Crystals were 
mounted in glass capıllaries in the presence of mother liquor. 
Crystal data: Cz3HssN,O¢, molecular weight 584; crystal class 
triclinic; space group P1;.a=19.439, b = 11.707, c= 
15.500 A; a = 97.19°, B = 100.22°, y = 118.20°; V = 2,969 Å? 
Peate = 1.31 g cm ™ for Z = 4. 

X-ray diffraction patterns recorded from these crystals 
generally revealed that reflections with odd A4 indices were 
diffuse, indicating disorder in the x direction. (It seems likely 
that this disorder may have frustrated previous attempts to 
determine the structure.) The amount of this diffuse scatter 
varied from crystal to crystal: in some cases the -odd reflections 
were so diffuse that the triclinic cell seemed to be halved 
(a = 9.720A, Z=2). In the crystal selected for detailed 
examination, the h-odd reflections had initially been somewhat 
diffuse, but had gradually sharpened during maturation (5 
weeks, room temperature, dark). The diffraction pattern then 
contained virtually no diffuse effects. 

Two complete sets of data were collected from this crystal: 
a set of photographic Weissenberg data collected about two 
axes ((010] and [111]) and scanned using the SRC Micro- 
densitometer Service at Harwell; and a set of counter-data 
collected using a Nonius CAD4 diffractometer. The photo- 
graphic set contained 1,323 unique observed reflections (37% 
of the possible number of unique reflections to a limit of 
20(CuK,) = 80°); and, of the 6,095 reflections measured by the 
diffractometer, only 1,408 obeyed the condition Foss > 30Fops. 
This serious lack of data arose because the average intensity of 
the X-ray reflections rapidly decreased with increasing scattering 
angle: few reflections were found above 20(CuK,) = 70°. 

The structure was solved using the diffractometer data and a 
computer program written by Dr G. M. Sheldrick (Cambridge), 
which uses a multisolution procedure incorporating negative 
quartets. Details of this solution will be published elsewhere. 
Full matrix constrained-bond length refinement of the photo- 
graphic data (which proved the better set for refinement 
purposes) with hydrogen atoms in geometrically calculated 
positions has given R = 12.5%. Because of the small number 
of observed reflections the structure is not an accurately 


Fig. 5 Model compound 3. 


Et02C CO,Et 
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Fig. 6 Packing of bilirubin molecules in the 

unit cell. The b axis is approximately perpen- 

dicular to the page, and the c axis is 
horizontal. 





determined one: estimated standard deviations of individual 
bond lengths were generally in the range 0.02-0.05 A. 

The two independent molecules of bilirubin in the asymmetric 
unit of the structure both have the conformation shown in Fig. 3 
and represented in a simplified way in Fig. 4. The molecule 
takes the form of a ridge tile, the ridge being along the line 
C8?-C10-C12?. Thus rings A and B lie in one plane, and rings 
C and D in another, the interplanar angle being about 98°. Six 
intramolecular hydrogen bonds (two sets, each involving a 
carboxylic acid group, a pyrrole-imino hydrogen, and a terminal 
lactam system) stabilise this conformation. The average 
N.---O and O---O distances in these hydrogen bonds are 
2.70 and 2.53 A, respectively. There is no evidence for inter- 
molecular hydrogen bonds: the low solubility of bilirubin in 
water, which has important biological consequences, can readily 
be understood in terms of this pattern of hydrogen bonding. 
Although the hydrogen bonding, and therefore the confor- 
mation, may well be altered in very polar solvents (such as 
dimethylformamide and methanolic ammonia), it seems likely 
that in less polar solvents (such as chloroform) the conformation 
with six hydrogen bonds (Fig. 3) will be retained. Unfortunately, 
the X-ray data are neither sufficiently numerous nor sufficiently 
accurate to allow determination of the position of the hydrogen 
atoms in these hydrogen bonds and we are not able to make a 
clear cut assignment of either the lactam or the lactim formu- 
lations. ` 1 

The X-ray result provides independent proof of the correct- 
ness of the gross chemical structure assigned to bilirubin by 
Fischer et al.* The stereochemistry about the double bonds at 
the meso-bridges (C5 and C15) is frequently, even in modern 
work?®-1®, represented as E. The Z configuration (Fig. 4) is now 
shown to be correct. This type of structure seems to have been 
first portrayed by Blauer and King"; the first discussion in 
detail was by Kuenzle et a/.™. 

The observed bond lengths suggest that delocalisation over an 
individual conjugated system of two pyrrole rings (that is, 
A+B or C+D) is rather limited since C4—C5 and C15-C16 
seem to be essentially double bonds (average 1.30 A) whereas 
C5-C6 and C14-C15 resemble single bonds (average 1.48 A). 
This supports the view that bilirubin can be regarded as a 
2,2’-dipyrrolylmethane (that 1s, rings B+C) with conjugating 
substituents at the a positions (compare with the model 
compound shown in Fig. 5)18, 

The packing of the four bilirubin molecules in the unit cell is 
shown in Fig. 6. Taking the original analogy further, we now 
have a stack of ridge tiles interleaved with a similar but inverted 
stack. Figure 6 suggests an explanation for the diffuse h-odd 
reflections observed in the diffraction patterns of most of our 
crystals: enantiomeric conformations of bilirubin (related by 
inversion centres) have very similar ridge tile shapes and the 
orientation of any ridge tile is virtually unaltered by a rotation 
of 180° about a direction approximately parallel to the a* axis 
(vertical in Fig. 6). On the basis of Fig. 6, it is not difficult to 
imagine disordered structures which would give an apparent 
halving of the a axis. We have, indeed, collected a third set of 
data from a disordered crystal, and successfully refined it to 
R = 19.7% by assuming that either enantiomer may occupy any 
molecular site, the packing of the ridge tiles remaining constant. 
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Rabbit aorta 
I 


PGG, (40 ng)- 


PGG, (40 ng) 


+ microsomes 
AII (40 ng)— 


PGG, (1 ug)- 
AII (20 ng)— 
AII (100 ng)— 
PGG, (40 ng)- 
PGG,(40 ng)— 
+ microsomes 


Erratum 


In the article “Identification of an enzyme in platelet micro- 
somes which generates thromboxane A: from prostaglandin 
endoperoxides” by P. Needleman, S. Moncada, S. Bunting, 
J. R. Vane, M. Hamberg and B. Samuelsson (Nature, 261, 
558; 1976) microsomes were added to the wrong dose in 
Fig. 5 and the vertical scale (3 cm) was too large. Both 
are correct in the version reprinted below. 
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matters arising 


Deposit-forming by 

zinc dithiophosphates 

in base oils during oxidation 
A RECENT report by Bird and Galvin’ 
has described experiments in which 
specimens of En 31 stéel were immer- 
sed in solutions of zinc dialkyldithio- 
phosphates in white oil and either 
heated over a range of temperatures 
for 16h or rubbed for 10 min against 
a disk of the same material. Electron 
spectroscopic investigations of the sur- 
face films formed at 140 °C showed a 
product having a zinc—phosphorus— 
sulphur ratio of 1:1:0.6, and this 
ratio was said to be constant over a 
range of conditions, and was thus 
assumed to be a decomposition product 
of the original additive. Zinc phos- 
phate, sulphide and sulphite formations 
were not observed. 

Work in our laboratories on the oxi- 
dation stabilities of mineral oil blends 
of zinc dithiophosphates has revealed 
similar decomposition residues. The 
formation of these was, however; found 
to depend on ‘both the hydrocarbon 
group in the dithiophosphate and the 
nature of the base oil. Thus, when a 
solution of a zinc ‘disecondary alkyl 
dithiophosphate in a high sulphur con- 
tent base oil was’ heated at 120°C for 
164h and subjected to a stream of dry 
oxygen, a residue was formed which 
had’ a zinc (24.6%)-phosphorus 
(12.6%)-sulphur (4.5%) ratio of 
1.0: 1.08: 0.37, which was not too 
dissimilar from that found at the 
iron surface by Bird and Galvin’. 
Further, X-ray examination of this 
residue showed that it was a complex 
inorganic material in which zinc 
oxide, sulphide or phosphate was ab- 
sent. When blends of this additive in 
low sulphur content mineral oil base 
fluids were similarly tested this residue 
was not produced. 

Substitution of zinc diprimary alkyl 
or diaryl dithiophosphates in the above 
range of base oils failed to produce any 
residues. It was therefore concluded 
that the decomposition was a function 
both of the base oil and the hydro- 
carbon group in the dithiophosphate. 
Previous work has suggested? that the 
decomposition of zinc dialkyldithio- 
phosphates is dependent on the humber 
of B-hydrogen atoms attached to the 
alkyl constituent, and this is fully con- 
sistent with the results obtained in our 
present work. 

H. B. SILVER 
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Haemoglobin type and 
superovulation in ewes 
PANT and Pandey! reported that haemo- 
globin (Hb) type in Binaneri ewes 


influences the ovulatory response to 
exogenous gonadotropin (pregnant mare’s 


-serum gonadotropin, PMSG). The prac- 


tical and physiological implications of 
this finding prompt us to present the 
results of a study of the relationship 
between Hb type and ovulatory response 
to PMSG in parous, non-lactating Welsh 
Mountain ewes. 

Eighty-six ewes were given 1,000, 1,100 
or 1,250 IU PMSG (Folligon, Intervet) 
on day 12 (day 0 is the day of oestrus) of 
the oestrous cycle and ovulation rate 
assessed by counting the corpora lutea 
present at laparotomy on days 2-8 of the 
subsequent cycle. Hb type was determined 
by starch gel electrophoresis in a Tris- 
EDTA borate buffer system, pH 8.2 
(ref. 2). An analysis of variance of 
ovulation rate, after transformation of 
the raw data to (x + 1)', showed no 
significant effect of either Hb type or 
dose of PMSG. Table 1 shows the mean 
ovulation rates for Hb type, the data 
being pooled for dose of PMSG. 

A further 16 ewes were given 500 IU 
PMSG and ovulation rate examined as 
before. Mean + s.e. (number of ewes) 
ovulation rate for AA, BB and AB 
Hb types were 1.3+0.21 (n = 6), 
1.6+0.24 (n = 5) and 2.2+0.37 (n = 5), 
respectively. 

These results argue strongly against a 
correlation between Hb type and ovula- 
tory response to superovulation in Welsh 
Mountain ewes. Breed or environmental 
differences may, however, explain the 
discrepancy between our results and those 
of Pant and Pandey. It is clear that 
Hb type in Welsh Mountain ewes is not a 
major determinant of the very substantial 
individual variation in ovulation rate 
observed after administration of PMSG. 
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Volcanic triggering 
of glaciation 


IN his latest contribution to the dis- 
cussion of the links between volcanism 
and glaciationt, Bray perpetuates a 
concept that he proposed in much 
stronger terms in his two earher con- 
tributions on the same subject??; namely 
that there is evidence of “an apparent 
correlation between major phases of 
global ice advance and ash eruptions 
in New Zealand, Japan and southern 
South America over the past 42,000 yr”. 
This represents a slight modification 
of his earlier view that there were world- 
wide ‘waves’ of volcanic activity that 
could be correlated with the same ice 
advances. f 

I am not in a position to comment 
on the evidence from Japan or New 
Zealand, but in my opinion the postu- 
lation of correlatable episodes of volcanıc 
activity and ice advance in southern 
South America is: extremely unwise, 
simply because there is so little factual 
evidence. All such postulations are based 
on the widely quoted but rarely read 
work of Auer*~’. It is clear from his des- 
criptions that the ash horizons that Auer 
used in his work, were, ın most cases, 
air-fall ashes from single volcanic erup- 
tions, which may have been quite small. 
There is no evidence for any massive 
eruptions, nor for any waves of eruptions. 
The weakness of the evidence for such 
waves is compounded by the very small 
number of published radiocarbon dates; 
there are probably less than a dozen 
such dates for volcanic eruptions in the 
whole of South America. 

It is quite correct, as Bray states, 
that “‘the possibility that large Pleistocene 


Table 1 Hb type and ovulatory response to PMSG* in Welsh Mountain ewes 


Hb type AA 
Ovulation rate (mean s.e.) 8.6+0.96 
No. of ewes 20 


*PMSG at 1,000-1,250 IU. 


BB AB 
8.2 +0.90 10.0 +1.29 
35 31 


Total 
8 940.63 
86 
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ice sheets were initially triggered by ‘ 


massive volcanic eruptions is not con- 
tradicted by the geological record”. 
But until further data are available 
from Patagonia, and especially studies of 
the ash deposits by volcanologists, the 
evidence from southern South America 
should not be used either to support 
or contradict the argument. 


P. W. FRANCIS 
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BRAY REPLIES—The main point of 
Francis! ıs that the evidence of late 
Pleistocene and Holocene volcanism ın 
southern South America? is based on 
a small number of published radio- 
carbon dates. The reason I originally 
included the southern South America 
volcanic data was that both the radio- 
carbon-dated ashes and the indirectly 
dated ashes all occurred at the same time 
as periods of volcanic activity in New 
Zealand and Japan. This occurrence 
seemed to be more than coincidental 
and I suggested that the apparent 
synchroneity of volcanic ash data from 
the three areas reinforced the hypothesis 
that there have been global waves of 
volcanic acitivity separated by periods 
of relative quiescence. Since then, South 
American volcanic ash dates of 9,000, 
11,000, 21,000, 22,000-26,000 and 30,000 
yr BP have been published? which are 
also coincident with the New Zealand 
and Japanese volcanic phases. In addition, 
I have made a preliminary compilation 
of North American and European vol- 
canic ash dates which show the following 
distribution (in 1,000 “C yr b.p): 
0.2-0.4; 0.6-0.8; 1.2-1.3; 1.6-1.8; 2.0-2.6; 
2.8; 3.3-3.5; 3.9; 4.4; 5.0; 6.6; 8.3-8.9; 
11.3; 11.7-12.0; 13.1; 18.6; 19.7; 28.5; 
31.0; 35.0; 39.5-40.5. A comparison 
of these dates with the New Zealand and 
Japanese data in Table 1 (ref. 2) shows 
that all but five dates are synchronous. 

Francis’ other point, that some of 
the southern South American eruptions 
were minor ıs correct, but not con- 
tradictory to the theme of global waves 
of volcanic eruptions in the late Pleisto- 
cene which have influenced climate and 
perhaps triggered glacial expansion. In 
any case, if the large mid-continental 
Northern Hemisphere ice sheets were 
triggered by massive eruptions*, then it 
is likely that these eruptions occurred in 
the Northern Hemisphere or perhaps 
the tropical portion of the Southern 
Hemisphere. It is in these regions that 


many of the largest Pleistocene eruptions 
have occurred as shown by the land 
record and especially by the ash layers 
in the ocean’, 
PO Box 494, 
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Acoustic Bragg diffraction 
from human tissues 


NICHOLAS AND Hit! claim to have 
presented ‘‘qualitative evidence that the 
method can provide objective charac- 
terisation of tissue structure”, and that 
the “‘diffraction phenomenon . . . can 
be quantitatively related to the specific 
structure of the type of tissue”. 

They present their evidence for the 
objective characterisation in Fig. 4, 
where three sets of tissue specimens 
(of unspecified condition) have a statis- 
tical significant difference over a por- 
tion of the curve, the curve having 
been obtained by an arbitrary seven- 
point smoothing. Whereas the first 
claim of the authors may be true, the 
second, regarding the specific structure 
of the type of tissue, is surely not sub- 
stantiated by the evidence presented. 
Differentiation between tissue types 
may have been demonstrated but there 
is no evidence presented for its rela- 
tionship to specific structure. Indeed, 
it is known”? that the Fourier trans- 
form of angular correlation is a spatial 
spectrum, so that the peaks in the 
spectrum of Nicholas and Hill’s Fig. 3 
indicate distances of significance in the 
tissue specimens, presumably related 
to structure, as the parallel with X-ray 
diffraction suggests. This potential 
source of helpful fundamental infor- 
mation has been removed by cavalier 
smoothing. 

In a field characterised by com- 
plexity‘, bedevilled by incomplete re- 
porting’, and yearning for independent 
confirmation, the significance of the 
results reported? demands more care- 
ful and precise consideration. 
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NICHOLAS AND HILL REPLY—We accept 
the criticism’ of our statement? that 
“this diffraction phenomenon .. . can 
be quantitatively related to the specific 
structure of the type of tissue”. This 
statement is out of place in the article 
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concerned and should have been 
omitted: its truth, however, has been 
confirmed in other publications**. The 
other points raised by Chivers are, in 
our view, unjustified and in some cases 
inaccurate. 

In all of our investigations the tissues 
were freshly excised, pathologically 
normal specimens: although this was 
not stated explicitly it was thought that 
the implication of comparing patho- 
logically abnormal tissues with the re- 
ported results, justified such an omis- 
sion. 

Chivers’ criticism! of the curves de- 
picted in our original Fig. 4 (ref. 2)— 
that the range of the seven-point 
average was not specified—is, we be- 
lieve, taken in context, not valid. It 
was stated in our report? that the 
power spectra were calculated using 
a fast Fourier transform and, as such, 
they are both finite and discrete. We 
also stated that the data in each result- 
ing spectrum was averaged over con- 
secutive seven-points. Thus it is that 
the range of our averaging was over 
the whole spectrum, as should be 
obvious if Fig. 4 is compared with 
Fig. 3. 

Finally, Chivers’ comments on the 
validity of our smoothing procedure 
should be considered in the light of 
our objective. We clearly stated that 
“several possible analytical approaches 
could be taken towards establishing the 
significance of differences or similari- 
ties between such traces and we report 
here the results of one of these”. Use- 
ful information has indeed been re- 
moved by smoothing, but the advan- 
tage gained is the relative ease with 
which different traces can thus be 
compared. It is apparent from our 
Fig. 3 that the peak separation is of 
the order of 0.01 cycles per degree, 
which corresponds to a separation in 
the angular traces of Fig. 2 of approxi- 
mately 100°; hardly a significant con- 
tribution when considering the 50° of 
trace illustrated. Chivers’ comments on 
this point, although strictly valid, are 
therefore of limited relevance to the 
results presented. We did not imply 
that the peaks in the power spectrum 
were artefacts, but merely indicated 
that the picket-fence effect must have 
led to some degradation of the result- 
ing power spectra. 

Our article was intended purely as 
an introduction to a new and exciting 
aspect of tissue characterisation and 
did not claim to be a complete report. 
It remains our belief, however, that the 
results we presented are both signi- 
ficant and precisely defined. 


Institute of Cancer Research, 

Royal Marsden Hospital 

1 Chivers, R C., Nature, 261, 330 (1976). 

2 Nicholas, D., and Hull, C. R., Nature, 257, 305-306 
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3 Nicholas, D., and HiH, C. R, ın Proc. Symp. 
Ultrasonics International (Iliffe, London, 1975). 

4 Nicholas, D., thests, Univ. London (1976). 
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Dynamic Light Scattering: With 
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By B. J. Berne, Columbia University, and R. Pecora, Stanford 
University 

An introduction to the principles governing the application of light 
scattering to problems in chemistry, biology and physics. Stresses 
the use of light scattering to study the time dependence of thermal 
fluctuation in fluid systems. 


384 pages March 1976 £16.50 

_ $27.70 
Gluconeogenesis: Its Regulation. in | 
Mammalian Species... p3 n 


Edited by R. W. Hanson, Temple University, Medical School, 'and 

M. A. Mehiman, National Institute of Health 

Concentrates on the current state of glucose studies in relation to 

such human problems as the metabolic ‘regulation: of-a basic 

biochemical process which has extensive clinical implications. * 

620 pages June 1976 ‘ £18.60 ` 
‘$35.40 


Microbial Transformations of 


Non-Steroid Cyclic Compounds « . 

By K. Kieslich ; 

The book has two aims firstly tt gives preparative organic chemists, ` 

microbiologists, biochemists, and‘biotechnologists an introduction 

to microbial transformations, and secondly it provides a previously 

non-existent reference work. ’ ~ 

1284 pages “June 1976 Bo en £42.50 
z - $85.00 

Published by Georg Thiene' Verlag ‘Stuttgart, ' dnd distributed „by, 

John Wiley-& Sons Ltd. * 


Elements of Physical Geology ` ` 

By J. H.-Zumberge, University of Nebraska, and C. A. „Nelson, 

University of Southern California’ « 
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$14.40 


Sewage Treatment in Hot Climates nas 


By D. Mara, University of Dundee’ ` 
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184 pages June 19767 , , E £7.00 
z $17.00 
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Edited by Dr. R. G. J. Strens, School of Physics, The University, 
Newcastle upon Tyne ` 
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properties, including electrical and thermal properties and convec- 


‘tion; the dependence of the macroscopic properties of rocks and 


minerals on their microstructure; and the reactions, properties and 
structure of minerals, particularly those containing transition metal 
ions, at high pressure. t 
May 1976 £19.50 
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Sorting the muddle in the Middle 





reviews 


W. W. Bishop 








After the Australopithecines: Strati- 
graphy, Ecology, and Culture Change 
in the Middle Pleistocene (World 
Anthropology.) ‘Edited by Karl W. 
Butzer and Glynn LI. Isaac. Pp. 
xv+911. (Mouton: The -Hague and 
Paris, 1975.) (Distributed in US and 
Canada by Aldine: Chicago.) Dutch 
Guilders 127.50. 





THIS is a most timely review of work 
on the span of the Quaternary, dubbed 
‘broadly Middle Pleistocene, younger 
than the  australopithecine—bearing 
strata that have been calibrated by 
potassium—argon dating. The period is 
terminated by the advent of the Later 
Pleistocene which is followed by the 
lower limit of radiocarbon dating at 
+50,000 yr b.p. The continental de- 
posits in ‘the middle’ represent a period 
when reliable dates from sources |in- 
dependent of the fossil faunas or arte- 
fact assemblages for which an age is 
sought are extremely scarce. Litho- 
logical comparisons are rendered dif- 
ficult by isolation of the sedimentary 
basins and the parochial nature of the 
deposits. Attempts have been made to 
use climatic change as the vehicle for 
correlation, but these are largely un- 
satisfactory until the Last Interglacial 
(lpswichian—Eemian) denotes the on- 
set of the Later Pleistocene. 

Middle Pleistocene continental strati- 
graphy in the Old World is therefore a 
muddle which this volume does a great 
deal to clarify by isolating the prob- 
lems and suggesting solutions. I must 
carp a little at the length, not to say 
verbosity, of several of the contribu- 
tions. Thus 21 papers amount to 887 
pages, including excellent black and 
white illustrations. This yields an 
average of 42 pages per contributor 
and is the reason that for most students 
of the Quaternary, from the under- 
graduate to professorial grade, this 
volume priced at £26 sterling per copy, 
sadly seems destined almost solely for 
library shelves. 

With this caveat it must be noted 
that the papers have been carefully 
selected by the editors and the scope of 
the book is broad but balanced. The 
geological contributions include the 
record of deep sea cores (Shackleton), 
the Mediterranean littoral (Butzer), 
volcanics of the Massif Central (Bout), 
European Loess stratigraphy (Kukla) 
and sediments of East Anglia (Glad- 


- Australopithecines. 


felter) On this substratum, inter- 
glacial correlation is discussed by 
Turner, and various aspects of mam- 
malian palaeontology by Kahlke, 
Janossy, Jaeger and Maglio, respec- 
tively. z , 

The lithic industries of, Africa, the 
Middle East and Europe are then 
placed into, the stratigraphic framework 
by Mary Leakey, Isaac, Deacon, Bar- 
Yosef, Clark, Freeman and de Lumley. 
Finally, Pilbeam reviews the fossil evi- 
dence for Middle Pleistocene tool- 
making hominids. 

The volume is an essential reference 
book for all workers involved in the 
problems of the Middle Pleistocene. 
Space does not permit an analysis of 
the papers beyond noting that they 
provide the most up-to-date statement 
in this field. The papers were revised 
and submitted to the editors after a 
conference organised in July 1973 by 
the Wenner-Gren Foundation for 
Anthropological Research at Burg 
Wartenstein, Austria. 

The meat of the conference and the 
conclusions arising from this meeting 
between workers in different disciplines 
are provided in two short concluding 
chapters by Butzer on the Geology and 
Ecology (18pp) and Isaac on the 
Archaeology and Anthropology (14pp), 
together with two Appendices contain- 
ing correlation charts and the recom- 
mendations of the meeting. 

The most potent wine is kept until 
the end of the book (pp901-903). It 
was recommended unanimously by the 
conference that the lower boundary of 
the Middle Pleistocene be defined as 


the junction between the Matuyama 
Reversed Epoch and the Brunhes 
Normal Epoch of the palaeomagnetic 
reversal chronology (that is at about 
0.7 Myr). Magnetostratigraphy is still 
at an early stage of development but 
the reasons for choosing “this unique 
global criterion” include: the difficulty 
experienced in trying to apply other 
methods; its application to both marine 
and continental sediments; the fact that 
it can be established in many existing 
litho-stratigraphic units; and in some 
areas there is a good fit with the exist- 
ing local placement of the boundary. 
The fact that a major change from the 
current location of the boundary would 
be necessary in some other areas points 
the need to use some global parameter. 

The proposed upper boundary is the 
beginning of the marine transgression 
associated with the onset of the Last 
Interglacial. Although the inadequacy 
of this boundary is recognised it seems 
to be the best available at present. It 
is to be hoped that those concerned 
with codes of stratigraphic nomencla- 
ture will recognise the value of the 
proposed palaeomagnetic reversal 
boundary for the lower limit and that 
stratigraphic connoisseurs will find this 
new wine acceptable to the inter- 
national palate. : o 


W. W. Bishop is Professor and Head of 
the Department of Geology at Queen 
Mary College, University of London, 
UK. His research interests for the past 
20 years have centred on the geological 
background to fossil man in East 
Africa. 


Controversial morphometrics 





Uniqueness and Diversity in Human 
Evolution: Morphometric Studies of 
By Charles E. 
Oxnard. Pp. viii+133. (University of 
Chicago: Chicago and London, 1975.) 
£9.00. 


In spite of caveats about the tentative 
nature of the results in this volume 
Oxnard has thrown down the gauntlet 
firmly at the feet of hominid paleon- 
tologists Implicitly throughout much 
of the book, and explicitly in the final 
chapter, he claims that the Australo- 
pithecines (including Homo habilis and 
‘Homo africanus’) should be formally 


excluded from any ancestral relation- 
ship to man. The basis for this view js 
that morphometric studies he cites show 
them not only to be unique but also, in 
several computer analyses their nearest 
analogues are orang-utans, specialisėd 
Asian apes. The test is whether 
Oxnard’s book contains sufficiently 
cogent evidence for such a bold view. 

The book is in three sections. The 
first two chapters consist of a theo- 
retical discussion about how best struc- 
ture and behaviour can be equated, a 
review of discriminant analysis , and 
methods for displaying the results, and 
a review of locomotor classification. 
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The sine-cosine graphs, apart from in- 
ducing vertigo, do provide a con- 
venient way of detecting specimens 
which although projected on the main 
canonical axes, in morphometric 
‘reality’ lie some distance away. These 
chapters are heavy going and the writ- 
ing style, with long and involved sen- 
tences, makes the reader’s task more 
difficult. 

The middle section is the longest and 
reviews multivariate morphometric 
studies on fossil hominid remains of 
the upper and lower limb girdles, seve- 
ral tali, humeral fragments, metacar- 
pals and a toe bone. This is no place to 
take issue on technical details of the 
analyses and Oxnard fairly draws 
attention to the differences between the 
way he and other workers interpret the 
results of canonical analysis. 

The last section is an attempt to 
synthesise the results followed by a 
discussion of their relevance, and it is 
here that the greatest controversy lies. 
It has recently become evident that 
locomotor assessments of early homi- 
nid fossils were bedevilled because 
modern human bipedalism was consid- 
ered as the only bipedal arrangement 
possible: no close affinities to modern 
bones, no bipedalism Now it is widely 
recognised that other models may have 
existed either as precursors of the 
modern human system or as parallel 
models which were destined for extinc- 


tion. Therefore the ‘uniqueness’ of 
some of the fossils comes as no 
surprise 


Some of the analyses are claimed to 
show similarities between fossil homi- 
nid fragments and orang-utan bones, 





umplying a close functional rather than 
a genetic relationship Whereas the 
statistical implications of these results 
are exhaustively examined their con- 
version back into any biological reality 
1s naive. Most of the fossils are frag- 
mentary, and some form only part of 
functional units of which other parts 
are preserved. There is no examination 
of which variables underly the associa- 
tion with the orang-utan, nor is there 
any attempt at a functional anatomical 
or biomechanical explanation of why 
bones that do not look alike behave 
similarly in the analyses. 

Morphometrics is only one of the 
methods available to hominid paleon- 
tologists in their attempts to analyse 
the functional implications of hominid 
fossils and unravel the phylogeny of 
early man. Such studies were at one 
time properly criticised for eschewing 
numerical data, but such data taken in 
isolation do not guarantee relevant 
results. The evidence presented in this 
book, based as it is on only a fraction 
of the available fossil evidence, 1s too 
narrow and conceptually limited to 
play more than a subsidiary role in the 
very necessary re-evaluation of our 
ideas about early hominid structure, 
function and phylogeny. 

Oxnard has nonetheless performed a 
useful service; the controversy pro- 
duced by this book may well stimulate 
the necessary, more balanced, research. 

Bernard Wood 


Bernard Wood is a senior lecturer in 
the Department of Anatomy at the 
Middlesex Hospital Medical School, 
London, UK. 





Crystallography 


Space Structures: 
and Counterpoint. By Arthur L. 
Loeb Pp. xviiit169 (Addison- 
Wesley’ Reading, Massachusetts and 
London, February 1976.) Cloth 
$19.50; paper $9.50. 


Their Harmony 


THE structure of ordinary Euclidean 
space is not as simple as it seems. 
Just as the complexity of chemistry 
arises from the Pauli exclusion prin- 
ciple, forbidding two electrons to 
have the same set of quantum num- 
bers, so much of the complex struc- 
ture of space arises from what we 
might call the Democritean exclusion 
principle—no two atoms may have 
the same set of (x, y, z, t) space-time 
quantum numbers (otherwise knots 
would fall apart). 

Arthur Loeb has produced a fas- 
cinating book, at about A-level 
standard, of interest to  crystallo- 
graphers and applied artists working 
in space. Indeed it is dedicated to all 


‘philomorphs’—a_ useful coinage for 
a spectrum recognisable as including 
the ‘dome-folk’ as well as the graph 
theorists, the cubists and the bio- 
morphologists. 

Much of the material is an exposi- 
tion of the consequences of the 
Euler-Schlafli relationship (faces+ 
vertices=edges+2), which is at the 
heart of the phase rule of chemistry 
and expresses surprisingly powerful 
constraints—seen at their best in 
Rhines’ and Craig’s analysis of grain 
growth in aluminium (Metall. Trans., 
§, 413-425, 1974). Truncation, stel- 
lation and the division of space into 
Dirichelet domains are also discussed. 
It is all fairly familiar material, but 
well-presented without the obscurities 
with which graph theoreticians so 
often cloak their theorems, and is 
thus of wide popular interest. 

A. L. Mackay 


Dr Mackay is a reader in the Depart- 
ment of Crystallography at Birkbeck 
College, University of London, UK 


Nature Vol. 262 July 22 1976 


Mapping the 
insect brain 


Atlas of an Insect Brain. By Nicholas 
J. Strausfeld. Pp. xii+214. (71 plates.) 
(Springer: Berlin and New York, 1976.) 
$118.10. 


THE combination of Nick Strausfeld’s 
scientific knowledge and literary and 
artistic abilities with a large format 
and high production standards has 
resulted in an admirable monograph 
about the neuroanatomy of the fiy’s 
brain, the text of which merits much 
discussion and suggests many experi- 
ments. There is also an abundance of 
photomicrographs and drawings, of 
high quality, illustrating those ex- 
quisite ramifications of nerve cells 
which are so beloved by anatomists, 
but which can cause the physiologist to 
despair sometimes of ever fully compre- 
hending the workings of the nervous 
system. 

Divided into seven chapters and two 
appendices, the book begins with a 
historical survey and proceeds to a 
description of the major cell types 
found in the fly’s brain together with a 
classification of neurones based on the 
shapes of the processes of the nerve 
cells. The third chapter describes the 
primary compartments of the brain and 
the fourth, the coordinate system which 
gives the Atlas a stereotaxic frame of 
reference. The Atlas itself, composed 
of serial sections of the brain stained 
by reduced silver fmethods, forms 
chapter 6 and this is preceeded by a 
chapter which considers some quanti- 
tative aspects of brain structure. The 
final chapter shows the forms and dis- 
positions of various neurones as 
revealed by variations of the Golgi 
impregnation technique. One appendix 
gives a multi-author and multi-lingual 
dictionary of the terminology of the 
fly’s brain, whereas the other provides 
valuable information about the various 
histological techniques which can be 
applied to the insect nervous system 

The vast amount of anatomical in- 
formation presented forms an excellent 
substratum on which to build future 
experiments and into which previous 
physiological and behavioural studies 
can be integrated. The neuroanatomy 
and possible function are related in a 
heuristically worthwhile manner. The 
book is marred only by the high in- 
cidence of uncorrected typographical 
errors. John A. Patterson 


John Patterson is at Hunter College of 
the City University of New York, New 
York. 
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Poetic self-portrait 


Moulds of Understanding: a Pattern 
of Natural Philosophy. By. Joseph 
Needham. Pp 320. (Allen and Unwin: 
London, April 1976.) £7.75. 


JOSEPH NEEDHAM is so widely known 
personally that it must be almost 
impossible to find a detached reviewer 
for any of his works. I certainly can- 
not claim to be detached. This collec- 
tion of essays confirms one’s respect 
even though it may not convert one to 
his political convictions. It waves a 
wide arm over the extensive view he 
has of ethical imperatives, human love 
and the sense of what is holy. For this 
is what these essays are about, even 
though their titles and their content 
are scientific in origin and substance. 

To call the essays A Pattern of 
Natural Philosophy 1s to stretch the 
phrase far beyond its traditional use. 
They have been selected by Gary 
Werskey, obviously with a bias to- 
wards one aspect of Needham’s 


thought—the political—so that . they. 


coalesce into a self-portrait, an 
animated image of a man who has 
never forgotten his personal begin- 
nings, but never lowers his sights from 
the destiny of human kind. Cambridge 


Delight in 
animal form 


Starfish, Jellyfish, and the Order of 
Life: Issues in * Nineteenth-Century 
Sciences. (Yale Studies in the History 
of Science and Medicine, Vol. 10.) 
By Mary P. Winsor, Pp. x+228. 
(Yale University: New Haven and 
London, January 1976.) £10 50. 


Mary PICKARD WINSOR’S Starfish, 
Jellyfish and the Order of Life is the 
tenth in a series of works developed 
from PhD theses. Her original study 
was of “Issues in the Classification, 
of Radiates’’—a history of the decline 
and fragmentation of a miscellany of 
lower Invertebrates so collected to- 
gether by Cuvier as one of the four 
major divisions of the Animal King- 
dom. Professor Winsor sees the need 
“to: follow scientists into the farthest 
corners of their research, lest the 
historian should mirror uncritically 
their own self-portrait” and to “go 


beyond . . . textbooks, prefaces and 
essays imtended for the general 
public”. This book is successfully 


illustrated by half-tone offset lithos 

of the (mostly) lithographic plates. 

There is a lively interest in, and com- 

petent assessment of MacLeay’s 

Quinorianism, the early study of 

Alternation of Generations by the 
e 


has` been his immediate. world, des- 
cribed in an essay of 1932 in poetic 
language which acknowledges his debt 
to those contemporaries who chose 
poetry itself as their way of life. ' 

To those who know only his Chinese 
work or the earlier embryology, it will 
come as a surprise to find orthodox 
Christian religion playing a large part 
in the formation of his outlook both 
then and now. One might expect, of 
course, to find early evidence of his 
well-known socialist convictions, which 
he has exhibited ever since with both 
style and humility which others might 
do well to emulate, whatever their 
political convictions may be. But it is 
fascinating to find judgements of great 
weight being derived from an appre- 
ciation of the numinous elements, in 
the: traditional church liturgy (the ex- 
ponents of so-called popularised ver- 
sions of the long familiar liturgy in 
both Anglican and Roman churches 
might learn something to their 
advantage from what Needham has to 
say on this subject). 

The other essays are grouped under 
the headings ‘Understanding’ (all three 
concerned in some way or other with 
science and religion), ‘Process’ (three 
studies of evolution considered in rela- 
tion to the organisational interpreta- 
tion of the Second Law of 


student priest Michael Sars of 
Norway and the Dane Johan Japetus 
Smith Steenstrup. The young, some- 
what erratic, but already the probing 
doubter T. H. Huxley’s relationship 
with W. S. MacLeay is splendidly 
documented, and there are a whole 
sequence of discoveries made in the 
Agassiz Library at Harvard which 
houses Louis’ and his son Alex- 
ander’s collection of annotated off- 
prints That radial starfish had 
bilateral larvae, as Johannes Müller 
observed on Heligoland, was a great 
trial to Louis. Moreover many illus- 
trations of what varieties of meaning 
lay behind the description “Natural 
Classification” ‘are presented with 
sufficient documentation. A rich and 
full book for historians of science, of 
marine biology and those zoologists 
who may still delight in animal form. 
Darwin was much more closely in- 
volved in this story than Dr Winsor 
realises, Her attempts in her glossary 
to explain the Animals to the 
historians range at .times from ‘the 
naive to the grotesque. The biblio- 
graphies are remarkably good The 
writing has wit and elegance. , 
Sydney Smith 


. Sydney Smith is a lecturer in the 


Department of Zoology at the Uni- 
versity of Cambridge, UK. 


333 


Thermodynamics), ‘Process and Under- 
standing’ (three presentations of a view 
of man, and particularly scientific 
man, in a future society formed as 
much by religious enlightenment as by 
universal socialism) The final essay is 
a brief attempt to relate the current 
Chinese experience to what Needham 
believes are the World’s needs. 

One could wish to have more of his 
rebuttal of the fashionable anti-science 
of today. For, although a socialism we 
cannot all accept and a religion for 
which each of us must be free to seek 
an alternative, give shape to Needham’s 
philosophy, the solid substance of it 
is universal science, a progressive 
science whose development in East and 
West has played a part in the evolu- 
tion of the human species just as much 
as any more obviously biological 
factor. 

Apart from anything else it is a most 
entertaining book to read, because it 
is full of good humour and courtesy. 
He treats his reader by the light of one 
of his favourite Confucian precepts: 
“Behave to every man as one receiving 
a great guest’’. Frank Greenaway 


Frank Greenaway is Keeper of the 
Department of Chemistry at the 
Science Museum, London, UK. 
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Spectrophotometric Determination of 
Elements. By Zygmunt Marczenko. 
Pp. xi+ 643. (Ellis Horwood: Chiches- 
ter, February 1976.) £19.50; $42.90. 


THis volume is one of a series on 
analytical chemistry being produced 
by Ellis Horwood Ltd It is based on 
original Polish (1968) and Russian 
(1971) editions, but it has been exten- 
sively revised and up-dated for the 
English version, and now includes 
nearly 7,000 references, up to the end 
of 1973. 

Part I (100pp) deals with the gene- 
ral principles of spectrophotometric 
analysis, a survey of available 
spectrophotometric reagents, and a 
discussion of preconcentration and 
separation procedures for the ele- 
ments. Part II (520pp) is a thorough 
and systematic practical guide to the 
separation and determination of the 
individual elements. 

The theoretical background to ana- 
lytical spectrophotometry is briefly 
but adequately described in Section I, 
but this is essentially a practical 
handbook. Descriptions of the deter- 
minations of individual elements are 
presented in a standardised format, 
and these descriptions are written in a 
clear and easy-to-follow style. Several 
possible analytical procedures are 
outlined in all cases, and the listing 
of useful colorimetric reagents is ex- 
tremely thorough. 

A useful feature of Marczenko’s 
book for readers in Western Europe 
and the US is that it covers the 
' Russian and East European literature 
comprehensively, and includes refer- 
ences to some journals not readily 
accessible. 

The book is well produced, seems 
to be reasonably free from typo- 
graphical errors, and although not 
cheap it should be a useful acquisi- 
tion for analytical laboratories, or 
individual research workers needing 
to use spectrophotometry to analyse 
for a wide range of elements. 

G. Davidson 


Migration and Homing in Animals. 
(Zoophysiology and Ecology, Vol. 6.) 
By Klaus Schmidt-Koenig Pp xii+ 
99 (Springer Berlin and New York, 
1975 ) DM46; $18.90. 


Tuts book provides a short, useful 
summary of the literature, but its ex- 
cessive price (the text is only 77 small 
pages) will prohibit its intended 
audience of laymen and students from 
buying it. In any case the style of 
the book makes it more suitable for 
a reader who is already familiar with 
some of the original work than for 


the whole clear, if uninspired; how- 
ever, the text is often too terse and 
dogmatic for the uninitiated. For 
example, on p48, orientation experi- 
ments with turtles and lizards are 
dismissed as ‘methodologically . . . 
not convincing” with no further ex- 
planation. Similarly on p65, it is 
stated as fact that clock-shifting ex- 
periments with pigeons refute the 
sun-arc hypothesis, without explaining 
why. I would have thought that an 
introductory book should not only 
present results but also explain, 
where possible, the reasoning behind 
their interpretation. 

The organisation of the book is 
taxonomic: the author works through 
various groups of arthropods and 
vertebrates, in each case summarising 
the field evidence on migration and 
homing, before outlining the experi- 
mental work aimed at elucidating 


Books brief 


a complete novice The writing 1s on 
mechanisms of orientation or naviga- 
tion The literature survey seems to 
be accurate and fairly up to date 
(especially the section on birds—the 
author’s own interest), and the text 
is well tlustrated. Inexplicably, the 
book ends with an appendix on sta- 
tistical methods for the analysis of 
orientation data, which is rather 
esoteric for an introductory book 
John R. Krebs 


The Papers of Joseph Henry. Vol. 2: 
November 1832—December 1835—The 
Princeton Years. Edited by Nathan 
Reingold. Pp. xxxix+524, (Smith- 
sonian Institution: Washington, DC, 
December 1975.) $30. 


THIS second volume maintains the 
high standard and interest of the 
first (for review, see Nature, 242, 481— 
482, 1973). It consists of letters from 
and to—and occasionally about— 
Joseph Henry during his early years 
as a professor at Princeton, inter- 
spersed with notebook entries describ- 
ing his work on electromagnetic 
induction and other topics. At first 
there is little about his research; but 
once really settled in Princeton, and 
having established contacts with men 
of science in Philadelphia, Henry got 
down to work once more We see 
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some of the frustrations of working 
in what was then a provincial situa- 
tion, far from the great centres of 
science in Europe; for although 
Henry anticipated Faraday in some 
discoveries his work did not quickly 
become known outside the USA, and 
it is only as this volume ends that 
Henry can be seen making contact 
with physicists in Europe. These 
volumes, with their very full and 
helpful footnotes and indices, not 
only give us an excellent picture of 
Henry’s social and intellectual life, 
but are particularly valuable also for 
casting much light on the gradual 
formation of a scientific community in 
the US. Historians will turn to these 
papers to learn not only about Henry, 
but about men of science and learn- 
ing, scientific institutions, and tech- 
nology in his day as well. 

David M. Knight 


The Food in Your Future: Steps to 
Abundance By Keith C. Barrons. 
Pp. 180. (Van Nostrand Reinhold: 
New York and London, November 
1975.) £4. 


I TooK an immediate dislike to Dr 
Barrons‘ book, and with each chapter 
my dislike intensified. It is surely un- 
reasonable of him to collect together 
as enemies of good nutrition everyone 
from conservationists to the Pope. He 
is also out of date. One might ex- 
pect ‘The Great Protein War’ to be 
about the reappraisal by nutritionists 
of the status of protein in the dietary 
pantheon. To Dr Barrons it is the 
basis for future agricultural strategy, 
although he does not seem to be 
aware it was an obsolescent one a 
decade ago. 

The final chapter, entitled “You—A 
Part of the Solution?’, crystallised his 
view. Future world food needs are to 
be met by technology, and somebody 
called Johnny Q. Citizen eating less, 
wasting less and lobbying congress. 
Decency, democracy and technology, 
these three—a strange recipe in an 
era when the Green Revolution has 
wilted and political cynicism become 
a way of life But overall, although 
Dr Barrons’ book is a tedious, stylistic 
nightmare, his optimism about both 
the technological fix and the goodness 
of man is attractive. His claim that 
agricultural technology has delivered 


the goods is true. His belief that it 


would continue to do so is impressive 
I don’t like the book, but I 
admire it for the optimism that per- 
vades it. I shall therefore read it 
again, and I recommend my col- 

leagues to do the same 
John Rivers 
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obituary — 





-Leonard Ary Woodward died on June 
‘5 at the age of 73. After starting at 
Oxford reading mathematics, he 
switched to chemistry for his final 
degree, and then went to Leipzig for 
his Ph.D. (1931), where he developed 
his lifelong interest in spectroscopy. 
He came back to the UK, and, after 
working for a time at the DSIR, re- 
turned to Oxford in 1939, where he 
“was to remain for the rest of his 
career. It was here that, during the 
‘war, he worked on the separation of 
uranium isotopes by diffusion, research 
which was to have such influential 
results. After the war, though, he re- 
sumed his work on Raman spectro- 
scopy, a field to which he made major 
theoretical and experimental contribu- 
tions. He was made the Aldrichian 
Praelector in Chemistry in 1966 and 
served for many years as Dean and 
then Vice-Principal of Jesus College. 


Victor Ivor Little, reader in experi- 
mental physics at Royal Holloway 
College, University of London, died on 


May 30 at the age of 56: 

On graduating,. in 1941 from King’s 
College, London, he was swept up in 
the war effort, working on radar and 
the countermeasures to the V1 and V2. 
This experience confirmed his feelings 
of the practical importance of physics, 
an enthusiastic belief he later expressed 
in some measure by his work, as Chair- 
man of the Examination Board, in re- 
structuring the London ‘A’ level 
exams. He was also‘a brilliant lecturer. 

His major scientific work was done 
in the field of non-linear optics; he 
early realised the exciting research 
possibilities of the laser. He was the 
first to show that standing laser radia- 
tion in fluids could create a three- 
dimensional grating—like a Bragg 
crystal grating, but’on a much larger 
scale—and, more recently, he con- 
tributed to the development of very 
intense liquid laser sources. 


William Bernard Crow, FLS, FZS, 
FRSM, died on June 28 at the age of 
80. In a varied career as biologist 


and anthropologist, he studied at the 
Universities of London and Wales, 
worked for the Ministry of Munitions 
in the First World War, returned to 
Cardiff as a lecturer, became head of 
the department of Biology at Hudders- 
field Technical College, senior lecturer 
aat the South West Essex Technical 
College, a lecturer in adult education 
(Northern Command) during the 
Second World War, went to the 
Leicester College of Technology and 
finally became Head of the Department 
of Biology at the Davies, Laing and 
Dick Tutorial College. 

His major’ scientific interest was in 
morphology. He published much re- 
search in this field as well as a text- 
book, Contributions to thé Principles 
of Morphology (1929). His broad out- 
side interests, however, are reflected in 
the titles of some of his other publi- 
cations: Voice and the Vocal Appara- 
tus; The Science of Dreams, A Synop- 
sis of Biology, A History of Magic, 
Witchcraft and Occultism and Occult 
Properties of Herbs. 








announcements 





Appointments 


Professor J. E. Enderby to the Chair 
of Physics at the University of Bristol. 
Dr. H. K. Moffatt to the Chair of 
Appliéd Mathematics at the University 
of Bristol. 
Professor D. L. Gardner to the Chair 
of Histopathology at the University of 
Manchester. $ 

Dr T. B. Grimley and Dr A. Ledwith 
as Professors of Chemistry at the 
University of Liverpool. 


Awards 


The EPS Hewlett-Packard Europhysics 
Prize has been awarded to Professor 
Wolfgang Helfrich of the Freie Univer- 
sitat, Berlin for work on the physics of 
Liquid Crystals. d 


The President of the USA has awarded 
the National Medal of Science to: 
John W. Backus of San Francisco; 
Manson Benedict of Weston, Massa- 
chusetts; Hans A. Bethe of Ithaca, 
New York; Shiing-Shen Chern of El 
Cerrito, California; George B. Dantzig 


of Stanford, California; Hallowell Davis 
of St Louis, Missouri; Paul Gyorgy 
(posthumous award); Sterling Brown 
Hendricks of Silver Spring, Maryland; 
Joseph O. Hirschfelder of Madison, 
Wisconsin; William H. Pickering of 
Pasadena, California; Lewis H. Sarett 
of Skillman, New Jersey; Frederick E. 
Terman, of Stanford, California, 
Orville Alvin Vogel of Pullman, Wash- 
ington; E. Bright Wilson, Jr of Con- 
cord, Massachusetts and Chien-Shiung 
Wu- of New York. 

The Simon Memorial Prize of the Insti- 
tute of Physics has been awarded to 
Drs D. M. Lee, D. Osheroff and R. C. 
Richardson for their work on the 
superfluid phase of “He. 


Meetings 


August 21-27, Birth Defects, Montreal 
(Deadline for abstracts: March 1, 
1977) (International Birth Defects 
Congress Ltd, 1275 Mamoroneck 
Avenue, White Plains, New York 
10605). 


September 7-10, Meeting of the Euro- 


pean Geophysical Society, Amsterdam 
(3rd EGS Meeting (Registration), c/o 
Vrije Universiteit, de Boelelaan 1105, 
Amsterdam). 


September 13-15, Solar Energy in Agri- 
culture, Reading (The Secretary, UK- 
ISES, The Royal Institution, 21 Albe- 
marle Street, London W1X 4BS), 


September 26-28, Planning for Water 
arid Waste in Hot Countries, Lough- 
borough (John Pickford, University of 
Technology, Loughborough, Leics. 
LE11 3TU, UK). 

September 29-October 1, Comparative 
Planetology, College Park (Dr Cyril 
Ponnamperuma, Laboratory of Chemi- 
cal Evolution, Department of Chemis- 
try, University of Maryland, College 
Park, Maryland 20742). ° 

September 30-October 1, Pacific NW 
Regional Meeting of the AGU, Vic- 
toria, British Columbia (Deadline for 
abstracts: August 27) (John T. Weaver, 
Dept of Physics, University of Victoria, 
Victoria, B.C., Canada V8W 2Y2). 
October Protein 


18-20, Synthesis, 
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Bethesda, Maryland (Dr William Mer- 
rick, Symposium Director, Building 10, 
Room 7D-18, NIH, Bethesda, Mary- 
land 20014). 

October 28, Sources for Emission Spec- 
troscopy, Middlesbrough (The Analy- 
tical Division, Chemical Society, 
Burlington House, London W1V OBN). 


November 17-18, Ozone/Chlorine Di- 
oxide Oxidation Products of Organic 
Materials, Cincinnati (Dr Rip G. Rice, 
International Ozone Institute, Syracuse 
University, New York 13210). 
November 24, Synthesis of Cyclic Com- 
pounds, London (The Assistant Secre- 
tary, Society of Chemical Industry, 14 
Belgrave Square, London SW1 8PS). 
November 24, Applications of Fluori- 
metry to Chromotography, Guildford 
(Mr D. Irish, UV Group, c/o Pye 
Unicam Ltd, York Street, Cambridge). 


December 10, Observation of Surfaces 
and Surface Reactions by TEM, Lon- 
don (Deadline for abstracts to Dr 
W. M. Stobbs, Cavendish Laboratory, 
Madingley Road, Cambridge CB3 
OME: November 1) (The Meetings 
Officer, The Institute of Physics, 47 
Belgrave Square, London SW1 8QX). 
December 13-15, Optical Properties 
and Effects of Atmospheric Aerosols, 
Williamsburg, Virgina (Deadline for 
papers: September 10) (Franklin S. 
Harris, Jr, MS475, NASA Langley 
Research Center, Hampton, Virginia 
23665). 


January 10-14, 1977, Molecular Clon- 
ing of Recombinant DNA and Genetic 
Manipulation as it affects the Cancer 
Problem, Miami (Miami Winter Sym- 
posia, PO Box 520906, Miami, Florida 
33152). i l 
March 29-31, 1977, Luminescence Pro- 
cesses in Phosphors for Cathode-Ray 
Tubes and Lamps, Weybridge, Surrey 
(Dr P. Greenough, General Electric Co 
Ltd, Hirst Research Centre, East Lane, 
Wembley, Middlesex HA9 7PP, UK). 
April 25-29, 1977, Mitosis : Facts and 
Questions (Deadline for applications : 
September 30) (Organising Committee, 
Kennwort : Mitosis, Institut für Zell- 
forschung, Deutsches Krebsforschungs- 
zentrum, PO Box 101949, D-6900 
Heidelberg, FRG). 


June 1-3, 1977, Pathobiology of En- 
vironmental Pollutants, University of 
Connecticut (Deadline for abstracts: 
January 1, 1977) (George Migaki, 
D. V.M., Registry of Comparative Path- 
ology, Armed Forces Institute of Path- 
ology, Washington, D.C. 20306). 

July 6-8, 1977, Hot Electrons in Semi- 
conductors, Denton, Texas (Deadline 
for abstracts: March 1, 1977) (Dr D. G. 
Seiler, Physics Dept, North Texas 
State University, Denton, Texas 76203.) 
August 9-19, 1977, IASPEI/IAVCEI 


Person to Person 


The Superconducting Magnet Re- 
search Group at the SRC Ruther- 
ford Laboratory now provides 
superconductor testing facilities 
for users in industry, universities 
and other research establishments. 
Tests on the behaviour of the 
critical superconducting current 
will be, performed with two super- 
conducting magnets: One of 
85-mm_ bore ’produces 9T, while 
the second gives 10.5 T in a 50-mm 
bore solenoid. A 15-T magnet will 
be available later. 


The Commission of the European 
Communities, advised by the Com- 
mittee on Medical Research and 
Public Health (CRM/CREST), is 
sponsoring European Travelling 
Fellowships for physicians, medical 
researchers or public health 
officers who are actively engaged 
in public health or population 
studies. Applications to the Com- 
mission of the European Com- 
munities, Directorate-General Re- 
, search, Science and Education, 
XII/C-1, 200, rue de la Loi 1049, 
Brussels. 


There will be no charge for this service 
Send items (not more than 60 words) to 


Martin Goldman at the London office. The 
section will include exchanges of accommo- 
dation, personal announcements and scientific 
queries. We reserve the right 
material 
actions. 


to decline 


submitted. No commercial trans- 





Assembly, Durham (Dr R. E. Long, 
IASPEI/IAVCEI Assembly Office, 
University of Durham, Dept of Geo- 
logical Sciences, Science Laboratories, 
South Road, Durham DH1 3LE, UK). 


September 4-9, 1977, 4th International 
Congress of Photosynthesis, Reading 
(Dr J. Coombs, c/o Tate and Lyle Ltd, 
Group.Research and Development, PO 
Box 68, Reading RG6 2BX, Berks, 
UK). 

September 6-9, 1977, Plant Cell and 
Tissue Culture: Principles and Appli- 
cations, Columbus, Ohio (Fourth 
Annual Colloquium, College of Bio- 
logical Sciences, 484 W. 12th Avenue, 
The Ohio State University, Columbus, 
Ohio 43210). 

September 19-22, 1977, Electron Dif- 
fraction, London (The Meetings 
Officer, The Institute of Physics, 47 
Belgrave Square, London SW1 8QX). 
September 19-24, 1977, Availability 
and Rational Uses of Energy Resources, 
Istanbul (The Secretary General of the 
World Energy Conference, 5 Bury 
Street, St James’s, London SWIY 
6AB, UK). 

October 31-November 3, 1977, Advan- 
cing Energy Technology, Eastbourne, 
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Sussex (Deadline for abstracts: Janu- 
ary 3, 1977) (Prof A. Williams, The 
University of Leeds, Leeds LS2 9JT, 
UK). 


Reports and Publications 
Gt Britain 


Bulletin of the British Museum (Natural History). 
Entomology Vol 33, No.1 -+ The Classification of the 
Anomaloninae (Hymenoptera Ichneumonidae) By 
Tan David Gauld. Pp. 1-135.(London British Museum 
(Natural History), 1976.) £10 70. [233 

Memorrs of the Royal Astronomical Society. Vol. 81, 
Part 2 Polarimetric Observations of the Zodiacal 
Light in Hawau from 1969 to 1974. By L. W Bander- 
mann and R. D. Wolstencroft. The Nebular Complexes 
of the Large and Smali Magellanic Clouds. By R. D 
Davies, K H. Eliott and J. Meaburn. Pp. 37-128 + 
21 plates (Oxford and London. Blackwell Scientific 
Publications, 1976. Published for the Royal Astrono- 
mical Society.) (233 

Superstar Technologies (The problem of monitoring 
technologies in those instances where technical com- 
petance 1s monopolised by a small number of institu- 
tions committed to the same interest.) The Report of 
a Working Party Convener Geoffrey Chin Council 
Representative’ Professor John Ziman, FRS. Pp. 66. 
(Chichester. Barry Rose (Publishers), Ltd , ın associ- 
ation with The Council for Science and Society, 
London.) £2 (243 

Imperial Cancer Research Fund Annual Report 
and Accounts, 1975. Pp. 41. Scientific Report. Pp 162. 
(London Imperial Cancer Research Fund, 1976) [243 

University of Oxford Annual Reports, 1973/1974 
Pp. 12. (Oxford The University, 1976.) 75p. (263 

The Small Towns of Hampshire. The Archaeological 
and Historical Implications of Development. By 
Michael Hughes Pp iv + 148. (Southampton 
Hampshire Archaeological Committee, Department 
of Archaeology, The University, 1976.) £1.50 [263 

Radio, Television and the Arts. By Howard Newby. 
(BBC Lunch-Time Lectures, Tenth Series, No 4) 
Pp. 16 (London: BBC, 1976.) [293 

Bulletin of the British Museum (Natural History). 
Entomology. Vol. 33, No. 2. A Review of the Genus 
Anotylus C. G. Thomson (Coleoptera. Staphylınıdae). 
By P. M. Hammond. Pp. 137-187 + 3 plates. (London: 
British Museum (Natural History), 1976.) £4.35. [293 

Natural Environment Research Council. Institute 
of Geological Sciences. Geomagnetic Bulletin No. 5 
Magnetic Results 1971—Eskdalemuir, Hartland and 
Lerwick Observatories. Pp. vi + 97 £4.50. Geomag- 
netic Bulletin No. 6° Annual Mean Values of 
Geomagnetic Elements since 1941. Pp. 170. £7. 
(London. HMSO, 1975 and 1976 ) 293 

Proceedings of the Royal Irish Academy. Vol. 76, 
Section A. No. 1: On the Coefficients in the Recursion 
Formulae of Orthogonal Polynomials By G. Freud. 
Pp. 1-6. 45p. No. 2: A Note on Complementation in 
Lattices of Convergence Functions. By C. A. Boyd. 
Pp. 7-10 25p, No. 3. A Note on the Reflection 
Principle for Harmonic Functions. By D. H. Armitage. 
Pp. 11-14. 28p. No 4. The Ideal Centre of a Banach 
Lattice. By A. W. Wickstead. Pp. 15-24. 48p No 5. 
Haar Measures for Groupoids By A. K. Seda. Pp. 
25-36 48p. No. 6° On the Construction of the Kerr 
Congruence. By P. A. Hogan Pp. 37—42. 45p. No. 7 
Relaxation Effects in Rotational Brownian Motion. 
By J. T. Lewis, J. McConnell and B K. P. Scaife. Pp. 
43-70. 92p. No. 8' Modified Kohn Variational 
Principle, The Virial Theorem and the Second Viral 
Coefficient. By W. D. Burns and B. L. Morseiwitsch. 
Pp. 71-78. 50p Vol. 76, Section B. No. 4. Stratigraphy 
Sedimentology and Structure of the Bray Group in 
County Wicklow and South County Dublin. By P. M. 
Bruck and T. J. Reeves. Pp. 53-78 + plates 1-3 87p. 
No 5: Formation of Oxo-Compounds from Chloro- 
benzodtazines in Dimethylsulphoxide. By D. Twomey. 
Pp. 79-86. 25p. No. 6: A Preliminary List of the Fungus- 
Gnats (Diptera Mycetophilidae) of Ireland By P. J. 
Chandler. Pp. 87-110 66p No. 7 The Submarine 
Extensions of the Thorr and Fanad Plutons, County 
Donegal. By D. Evans and R J. Whittington. Pp. 
111-120. 40p. (Dublin Royal Irish Academy, 15763 


Other countries 


US Department of the Interior. Geological Survey. 
Bulletin 1395-E: Changes in Nomenclature of Upper 
Precambrian to Lower Paleozoic(?) Formations in the 
Natick Quadrangle, Eastern Massachusetts, and 
Their Tentative Correlations with Rocks in Rhode 
Island and Connecticut. By A. E. Nelson. Pp ii: + 15. 
(Washington, DCL US Government Printing Office, 
1974.) 35 cents. [303 

Toxicology Réséarch Projécts  Diréctory, Vol. 1, 
No. 1, January 1976. (An Indexed Directory of Current 
Research Project Abstracts in Toxicology and Related 
Fields.) Pp 701. (Bethesda, Md. Toxicology Informa- 
tion Subcommittee of the DHEW Committee to Coordi- 
nate Toxicology and Related Programs, 1976. Orders to 
Toxicology Document and Data Depository, National 
Technical Information Service, Springfield, Virginia, 
22161. Specify Publication No. NTISUB/B/021-76/ 
001.) Single issue $20, Subscription (4 issues) $65. [313 

Smithsonian Contributions to Zoology, No. 213° 
Communication Mechanisms and Social Integration in 
the Black Spider Monkey, Arélés fuscicéps robustus, 
and Related Species. By John F. Eisenberg. Pp. vi + 
108. (Washington, DC: Smithsonian Institution Press, 
1976. For sale by US Government Printing Office ) [313 
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Making it in the Civil Service 


Tr is now eight years since the Fulton Report on the 
British Civil Service advocated fairly comprehensive re- 
forms in many aspects of the service, ranging from 
recruitment policies and staff training to job categori- 
sation. Eight years is not a long period for an organisa- 
tion with such inbuilt momentum as the Civil Service, 
but the Select Committee on Expenditure of the House 
of Commons deems it time to have a look at the way 
reform has been progressing Last week was the turn of 
the Institution of Professional Civil Servants (IPCS), 
the body which represents professional, technical and 
scientific civil servants, to give its first evidence. 

This past year hasn’t been a particularly good one for 
the Civil Service. It has been the victim of a fairly 
regular stream of what the IPCS called “unfair attacks” 
and what others might call penetrating questioning of 
its role; the mutterings—and much more that hasn’t 
surfaced—can be, fairly clearly associated with the privi- 
leged position in which the civil servant finds him or her- 
self at the moment. There has always, of course, been 
grumbling about job security and its dulling effect, the 
complaints have recently been about the way in which 
salaries and pension rights in the public sector seem to 
have become so much more favourable than those in 
the private sector, in which there is little job security. 

Tt is. then, inevitable that what civil servants say 
about themselves and their situation is looked at in a 
rather hawk-eyed way; the IPCS at least didn’t fall into 
the trap of telling the committee its members were 
underpaid. But they are, it was claimed, underprivileged 
—-the words “‘second class” kept cropping up. In short, 
the IPCS believes there has not been a proper commit- 
ment by the Civil Service Department to implementing 
Fulton recommendations on removing vertical barriers 
between different classes or categories, notably the Ad- 
ministrative, Professional and Scientific categories At 
the very top this has been done, at least formally, though 
whether it means much is questionable. What the IPCS 
would like to see is the removal of category labels much 
further down the system, in the hopes that this would 
allow policy-making and management prospects to open 
up at all levels for those who are at present confined by 
being ‘professionals’ or scientific’. 

For all the IPCS’s professed admiration for the ad- 
ministrators, this move is a thinly disguised assault on the 


administrative citadel wherein, in the spirit of the 
genteel class warfare that is alleged to go on in the 
Civil Service, are housed the first-class characters who 
really have all the power and make all the decisions. 
Scientists, of course, run their own laboratories, so the 
call by the IPCS must be seen as an attempt to broaden 
the stage on which their members can operate. 

There are problems The first is that the IPCS, in 
making the point elsewhere ‘in their submission that the 
distinction between generalists (that is, administrators) 
and specialists is artificial, acknowledges that administra- 
tion contains a range of specialisms such as finance, 
accounts, contracts, personnel and computers and 
indeed that “public administration itself is a special- 
ism”. If we are all specialists now, the administrators 
will prove as defensive about opening up their ranks as 
would scientists about having administrators join them 
in some scientific venture. 

The second problem jis the sort of person who might 
be helped by such schemes. Outstanding professionals 
find their way to the top and go where they want to go 
without the need for much outside help. There is, how- 
ever, a much greater number of what might be called 
the solid and reliable, and a real and as yet unsolved 
difficulty inherent in Civil Service use of professionals is 
how to prevent the solid and reliable from becoming 
disheartened, maybe as early as their mid-thirties, at the 
lack of prospects. But are there large numbers of jobs 
going begging in the administration categories or are 
there posts that ought to be created to allow these 
people to spread their wings? There are, after all, many 
solid and reliable administrators who are also likely to 
be in pursuit of such posts. The challenge then, is to the 
IPCS to do some extensive research and provide the 
Select Committee with some formidable evidence, down 
to chapter and verse, that there really are, as Fulton 
asserted, a significant number of jobs in the service, 
requiring both technical and managerial ability, which 
could be filled by technical people and which at present 
are not. 

We have in the past advocated more radical 
approaches to the problem, particularly the golden 
handshake and enhanced mobility into and out of the 
service, ‘but we believe that a detailed case is worth 
making for a different sort of solution. o 
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Tracking nuclear decisions (1) 


JET: will it ever get started ? 


Chris Sherwell traces the tortuous course 
of a decision the EEC cannot take 


HEN, on the last day of last 

month, Mr Gaston Thorn relin- 
quished the presidency of the EEC’s 
Council of Ministers, he was frustrated 
and dissatisfied. The inertia paralysing 
the Community, he indicated, could be 
relieved by a move in the Council away 
from unanimous voting. It was the echo 
of a view expressed in many quarters 
many times before, though not perhaps 
by so senior or so obviously political 
a personage as the Luxembourg Prime 
Minister. 

The widely-praised Heads of Govern- 
ment meeting two weeks later provided 
a much-needed boost for the Com- 
munity. But its upper echelons are 
plainly troubled. Herr Guido Brunner, 
European Commissioner for Research, 
gave vent to his feelings when he 
visited London earlier last month. He 
too spoke of majority voting. But he 
had a specific matter on his mind—the 
Joint European Torus, JET. JET repre- 
sents the next stage in the Com- 
munity’s effort to harness the power of 
nuclear fusion (see box, page 341). It 
also offers a remarkably fine illustra- 
tion of what torments men like Gaston 
Thorn and Guido Brunner, not to men- 
tion scores of Community officials and 
countless people in the nine member 
states, 

The immediate problem is that the 
Nine cannot agree to go ahead with the 
project without deciding on where it 
should be sited. The latest effort, at 
last week’s meeting of the Council of 
Foreign Ministers, produced a piece of 
diplomatic mystification: the European 
Commission had asked for a decision 
of principle, before the summer recess, 
on the building of JET. This, it was 
thought, would facilitate a decision on 
the site when the Council of Research 
Ministers meets ın October, and thus 
help prevent a split in the JET design 
team. 

But the delays which have brought 
matters to their sorry pass were not 
ended. The Foreign Ministers watered 
down the Commission proposal, 
deciding merely to ‘‘adopt a favourable 
opinion on the rapid undertaking of the 
enterprise”, which they thought should 
be put before the next Council of 
Research Ministers meeting for a deci- 
sion. In short, the ball was put right 
back where it had been before, in 
the Research Ministers’ court, and 
without any further movement over the 
site. This means that when a decision 
on where to site JET comes in October 


—if it comes then—a full year will have 
been lost on a programme in which 
time is regarded as being of major 
importance. 

What makes things worse, however, 
is that there must be some doubt 
attached to the prospect of an October 
decision, for the precedents are truly 
inauspicious. 


Euratom infusion 

The Community’s Fusion Programme, 
under the overall directorship of Signor 
Donato Palumbo of Italy, has its origins 
in the 1950s with the formation of 
Euratom and the EEC itself. Two five- 
year programmes were implemented 
between 1958 and 1967; work continued 
on a year-to-year basis between 1968 
and 1970, when a third five-year pro- 
gramme was agreed. Once it was appre- 
ciated that, with the progress being 
made in fusion research, plans to build 
a large Tokamak—JET—could only be 
realised through an EEC-wide effort, a 
European design team of more than 
50 members was brought together. The 
overall EEC fusion effort was co- 
ordinated by Euratom through a com- 
plex bureaucratic web of steering com- 
mittees; JET is its centrepiece. 

The laboratories at Culham, near 
Oxford, were offered as a location for 
the JET team. They form the United 
Kingdom Atomic Energy Authority’s 
fusion research centre and, in the words 
of a Culham man, were offered “‘with- 
out prejudice to the final decision on 
the site for JET”, which it was ex- 
pected would be made by the end of 
1975, when the original two-year con- 
tracts for the team’s members expired. 

All the advice the European Commis- 
sion received in its wide consultations 
on the project acknowledged the risk 
attached to it, but the response was 
positive and members of the European 
Parliament gave their backing. So, with 
progress on the conceptual design of 
JET—a design which received addi- 
tional backing at international meetings 
—the new overall plan for fusion 
research for the next five-year period 
(1976-1980) was put forward. 

The total fusion effort for the period 
was put at 246 million units of account 
(mua). The estimated cost of the JET 
project was 135 mua—£80 million; the 
Community as a collective accepted 
responsibility for 80% of this (108 
mua); member states would contribute 
the balance in proportion to GNP. Of 
the £80 million, some 214% would go 
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on the JET device itself, 234% on man- 
power, 17% on power supplies; the rest 
was for buildings (114%), auxiliary 
systems (63%), the operating budget 
(64%), instrumentation (54%) and 
contingencies. 

As long as all these details were 
busily working their way up through 
committees towards the key arena of 
the Council of Research Méinisters, 
and the customary problems in- 
volved in setting up a Council meeting 
persisted, a quick decision was not 
possible. With the putative deadline of 
1976 looming closer, efforts were re- 
doubled to secure a commitment on 
JET from the Council. But the Council 
of Finance Ministers, meeting first, 
would not decide on a financial alloca- 
tion for a project on which a decision 
had yet to be taken. The Commission, 
facing the prospect of a sanctioned 
project not going ahead in the absence 
of a budget, obtained money to tide 
things over from the European Parlia- 
ment under a special provision. It was a 
foretaste of the degree to which the 
Commission’s ingenuity would be 
taxed. The Research Ministers finally 
met in December. And at that point 
the trouble really started. 


See the sites 

The meeting provided the first real in- 
dication that the Commission had com- 
pletely underestimated the political 
problems involved. It emerged that 
Britain, with Culham, France, with 
Cadarache, West Germany, with 
Garching and Julich, and Belgium, 
with Mol, all thought their own sites 
were suitable for JET. Italy, pushing 
for the Italian establishment of the 
Community’s Joint Research Centre 
(JRC) at Ispra, refused to approve the 
whole 1976-1980 research programme 
in thermonuclear fusion and plasma 
physics unless a decision on JET’s site 
was taken at the same time. No deci- 
sion was taken, the programme was not 
approved, and the meeting broke up. 
Ahead of the next meeting, set for 
February, the Council’s Atomic Ques- 
tions Group exchanged views, and the 
Committee of Permanent Representa- 
tives examined its report, without 
taking anything further. 

The difficulties were quickly com- 
pounded. Italy, having sought bilateral 
talks on the matter, failed to persuade 
Britain to support Ispra, and the British 
goverment started disclosing its own 
pro-Culham position publicly in the 
House of Lords. West Germany re- 
asserted its willingness to take on 15% 
of the project’s overall costs if Jülich 
or Garching was chosen as the site. 
Researchers at Culham reportedly 
began writing to Brussels urging an 
early decision. 

That was not all. In late January, the 
Commission released the results of its 
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Confusion profusion: the arguments about the site 


“If JET goes to Ispra, it is better that it 
does not get done at all.“ Senior official, 
Culham fusion research centre. 


“If JET does not go to Ispra, it is not 
worth doing.” Senior official, European 
Commission, 


Culham and Ispra are probably the 
two main contending sites for the 
JET project. France’s involvement in 
the Superphénix fast breeder is 
thought to make its bid for Cada- 
rache more an attempt to score poli- 
tical points than a determined effort 
to win the project. Garching’s can- 
didacy is regarded with more severe 
respect and remains a powerful con- 
tender, but it has not planned to take 
JET in the way that Culham, with 
the design team, has done. 


Only Italy defends Ispra with 
vigour; apart from Britain, though, 
none of the Nine openly backs Cul- 
ham. The arguments concerning all 
the sites are finely balanced. The 
technical assessment of the Commis- 
sion’s site committee looked at the 
alternatives in terms of power sup- 
plies, infrastructure, safety and social 
facilities. On each criterion each site 
was fair to excellent: no site was best 
on all aspects, but all sites were suit- 
able for the construction of JET. 

It was chiefly on the power supply 
and social aspects that the Commis- 
sion originally chose Ispra. It is fed 
directly from a conveniently located 
power supply;, it already has an 
adequate infrastructure and social 
facilities, including an international 
school; it has staff already available 
for the project; and it has the equip- 
ment and expertise needed for the 
heavy engineering involved in hand- 
ling large-scale plant and materials. 

But the arguments in favour of 
Ispra now, if they didn’t do so before, 
traverse broader territory than this. 
Perhaps the most potent actually 
comes from its supporters in the 
Commission itself, representing the 
collective Community interest. It is in 
the best long term Community in- 
terests, the argument goes, that the 
project be pursued as a Community 
effort. The project. particularly as it 
is largely Community financed, 
should therefore preferably be sited 
at a Community centre. And the pre- 
mier establishment of the Com- 
munity’s Joint Research Centre 
(JRC)—indeed the only one capable 
of handling the project—is at Ispra, 
in northern Italy. 

The argument goes further, into 
psychology. Ispra, it says, has been 
dogged by uncertainty in recent years, 





and the latest programme of research 
is due to end this year. Although 
much of the multi-annual programme 
planned for 1977-80 will be con- 
ducted at Ispra, JET would insure its 
own future as the Community’s lead- 
ing research centre, which might in 
turn halt the fragmentation of re- 
search. Siting the project at Ispra 
would at the same time compensate 
Italy’s loss by its exclusion from the 
UK-—West Germany—Netherlands Gas 
Centrifuge Treaty for Uranium 
Enrichment. 

The case against Ispra has come 
mainly from Britain, a point that has 
not gone unnoticed amongst senior 
Community officials, It turns most 
importantly on the project’s chances 
of success. The chief scientist at the 
Energy Department, Dr Walter Mar- 
shall, not known as a fusion enthu- 
siast, puts it this way: there is “an 
appreciable chance” that the project 
will fail, not because it is badly con- 
ceived but because it is so ambitious: 
it should not therefore go to any site 
which “lacks experience and know- 
how in solving the plasma physics 
problems that are bound to arise.” 
Ispra’s fusion experience (often des- 
cribed in Britain as ‘“‘modest’’) is not 
great. 

Marshall does think that the pro- 
iect should go ahead. But he judges 
that other sites, including Culham, 
satisfy his criterion in a way that 
Ispra does not. Moreover, he is “very 
much frightened” that if the counter- 
arguments about symbols of Euro- 
pean collaboration win the day. then 
the project really will be a failure. If 
he could be persuaded of the scien- 
tific capability of a site, he has said, 
he would recommend it, but this he 
says has not been done; there had 
only been a “review of the charac- 
teristics” of the sites. 

The implication is that a site (like 
Ispra) ought not to be chosen for an 
additional reason—to solve an admi- 
nistrative problem. Others allege in 
addition that Ispra’s resources, and 
its capacity to get them, are not 
great. It has even been said that 
scientists would be reluctant to work 
at Ispra, especially as it has not 
managed a large project before. Past 
labour problems add to its reported 
reputation for mismanagement—a 
reputation also pinned on the Com- 
mission, whose allegedly closed mind 
over the matter has proved a sore 
point in Britain. That Ispra could 
prove to be the most expensive site. 
which is also suggested, is a point 
that Guido Brunner, European Re- 
search Commissioner, disputes. He 


says the differences in cost between 
the various sites is no more than 
10%. 

The arguments in favour of Cul- 
ham are partly the arguments against 
Ispra reversed. Culham, it is said, is 
already a centre of excellence in 
fusion, commanding large experience 
and resources, possessing a good 
“track record” and making progress 
that is more than comparable with 
the USA and USSR. Furthermore, it 
not only fits the bill on such essential 
criteria as power supplies, it also has 
the land ready to take JET and, most 
importantly, a team already settled 
there to continue the work it has 
successfully begun. Such continuity, 
it is argued, ensures the maximum 
chances of success. Culham, says 
Alex Eadie, junior minister at the 
Energy Department, is the best site 
on technical, scientific and opera- 
tional grounds. But another reason 
offered in support of Culham is more 
nakedly political: namely, that there 
is as yet no high technology Com- 
munity project in Britain. This gives 
it some sort of advantage over 
Garching, for example, since West 
Germany has the Patent Office and 
the European Molecular Biology 
Organisation. 

Arguments against Culham throw 
doubts on its back-up facilities, on 
the lack of a school and so on. 
Beyond these, though, it is said that 
expertise in fusion is not really re- 
levant for much of the project’s dura- 
tion, since most of the time would be 
spent in JET’s construction: more- 
over, any problems that arose would 
probably be too big for any one 
laboratory to solve alone. More subtle 
arguments point to the recent experi- 
ence with the Dragon high tempera- 
ture reactor project at Winfrith, 
Dorset, during which Britain at- 
tracted from many European coun- 
tries criticism of its foot-dragging, if 
not obstructionist, tactics over the 
project’s fate. 

The site stand-off preventing JET’s 
take-off is thus a complicated affair. 
Tt has tried the patience of the con- 
tending host countries, whose Com- 
munity spirit is already under 
scrutiny. Tt has aggravated the frus- 
trations of the smaller member states 
who these days have enough reason 
to feel left out in the cold. And it 
has threatened the role of the Com- 
mission, whose ambiguous position 
has rendered its influence and autho- 
rity more tenuous than it might 
otherwise have been. The Com- 
munity’s worst enemies couldn’t ask 
for more. o 
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independent siting committee. It had 
not previously pushed any one site; now 
it came down in favour of Ispra. More- 
over, it delivered its view as a com- 
munication instead of as a “proposed 
decision” for the Council, as was cus- 
tomary; this it defended by saying that 
only the whole project, including the 
matter of the site, and not the site 
alone, involved a decision. The bound- 
aries of the Commission’s competence 
to decide on the matter thus became an 
issue as well. 

The February 24 meeting of the Re- 
search Council began by avoiding an 
immediate break-up over the site. 
British, French and West German pres- 
sure wrought a reduction in the total 
fusion budget from 246 mua to 232 
mua, thereby leaving less for the 
fusion research not directly related to 
JET. This, however, entailed the aban- 
donment by Italy of the position under 
which she had linked a decision on the 
site with approval of other fusion re- 
search programmes; but she still in- 
sisted, successfully, that the meeting 
sanction just one year’s expenditure— 
20.8 mua. But that at least meant the 
programme could go ahead. 

When it came to discussions of the 
site, however, none of the contending 
countries withdrew their applications 
to host the project. After hours of 
debate, the Ministers failed even to 
agree on a method for deciding where 
JET should go. They rejected a pro- 
posal that the Commission, as the com- 
petent authority, should decide, and 
also the idea of an exhaustive ballot 
among themselves. Eventually, applying 
an old adage (“When in doubt, never 
commit yourself, committee yourself”), 
they agreed to call for a new report on 
the alternative sites. This was to come 
from a special committee established 
by the meeting, the Consultative Com- 
mittee for the Fusion Programme, con- 
sisting of a representative from each of 
the Nine, a Commission representative 
and representatives from third coun- 
tries involved in the fusion programme. 
It would report on comparative tech- 
nical merits in May, in time for the 
next Council meeting, set for mid-June. 

Some states openly regarded this as a 
waste of time; Italy hoped that the 
question of the site would not be re- 
opened. For the Commission, Brunner 
still claimed the matter was within its 
competence: he couldn’t see what new 
light would be thrown on the problem 
by more technical assessments; only 
something very dramatic could change 
the Commission’s mind. For all its im- 
mobility though, the Commission did 
not apparently intend to try and impose 
its choice. 

By now the threat of rising costs was 
starting to make speed vital; so too was 
the ground being lost against the USA 
and USSR; and the team’s declining 


EEC picture 


morale, with the increasing prospect of 
its break-up in spite of a renegotiation 
of contracts for a six-month extension, 
But the rest of the fusion programme 
was assured for a year: and the new 
committee had also been accorded a 
general role in respect of the whole pro- 
gramme, which would help its develop- 
ment. All the same, it looked as though 
the JET problem was so intractable 
that it would need resolution by the 
Council of Foreign Ministers or by the 
nine Heads of Govenrment—a sugges- 
tion which the Dutch had by now put 
forward, 


Fight goes on 

With the fighting now well developed, 
two sites were withdrawn—Mol in 
Belgium and Jiilich in West Germany. 
Reports of job offers from the USA 
for members of the design team grew, 
and a few actually left the project. 
Britain made a climb-down more diffi- 
cult when she put her view favouring 
Culham to the House of Commons in 
March. The “common front” of trade 
unions at Ispra called a press con- 
ference later that month to urge a 
decision in favour of Ispra and of a 
Europe independent in energy and 
science. 

The Consultative Committee, at its 
first meeting in early April, received 
an independent report on JET’s design 
details from the UK-based Risley 





JET : 


an artist’s impression 
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group. This confirmed the team’s plans, 
and the Committee recommended that 
a decision to build was needed forth- 
with. It recommended too the im- 
mediate creation of a management 
committee for JET together with a 
strengthened fusion directorate at the 
Commission. But the Committee also 
heard estimates that certain costs had 
drifted upwards, making overall costs 
some 23 mua greater than the original 
135 mua. Another meeting was set for 
mid-May to discuss a final report fol- 


lowing consultations with the JET 
team over the Risley report. Incredibly, 
the Committee did not discuss the 


matter of the site. 

Neither was it discussed at the Coun- 
cil of Foreign Ministers meeting in 
early May, even though Luxembourg, 
backed by Belgium and Holland, was 
trying to put it on the agenda. In fact 
the agenda was already too full. The 
lack of movement encouraged some 
European parliamentarians to speak 
out volubly, questioning whether Euro- 
pean collaboration was possible, and 
whether latest estimates of Europe’s 
future energy requirements didn’t tilt 
the balance one way or the other. In 
mid-May Brunner signed the draft 
agreement on Sweden's participation 
in the fusion programme; negotiations 
with Switzerland, something which 
with the Swedish precedent was not 
expected to take long, were almost 
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ready to commence and soon received 
the go-ahead. The pace was quickening 
again. 

The Italian general election, set for 
June 20, just two days after the crucial 
Council of Research Ministers meeting, 
now intervened. With the prospect of 
an upset result producing an Italian 
government which might disagree with 
any decision taken by the Council, it 
began to seem pointless having the 
meeting at all. At Italy’s request it 
was decided that the meeting would 
not take place. The Dutch proposed a 
meeting for mid-July; this was agreed 
in principle. As late as the first week 
of June, Brunner was expressing the 
hope that a decision on the site would 
be taken at such a meeting. Days later 
it was clear that no meeting was likely 
before the summer recesss. No early 
decision on the site would therefore be 
possible unless the idea of a determina- 
tion by the nine Foreign Ministers was 
resuscitated. 

The Commission had itself come 
round to this view. It had also been 
busy on the central problem of the 
site: by the end of May it had finished 
preparing additional information for 
the Council of Research Ministers in 
order to make the choice easier. This 
included, first of all, the news that 
consultations concerning the higher 
cost estimates had produced agreement 
that the extra amounts involved were 
in fact negligible, at about 5 mua. The 
Commission also contended that insuf- 
ficient emphasis had been attached 
previously to the matter of the power 
supply: if JET was to be fed directly, 
Ispra, fed by a line from a thermal 
and a hydroelectric station, possessed 
another advantage over other sites. 
Finally, the Commission stressed the 
costs of delay. Increasingly frustrated, 
it therefore argued that no attempt to 
justify a further delay could be based 
on arguments of a scientific, technical, 
financial or adminstrative nature. 

With no prospect of a meeting of 
the Council of Research Ministers 
before mid-October, and the need for 
decisions growing more desperate, it 
was now time to change tack. At the 
end of June, therefore, and at the 
request of the Dutch (who were about 
to take over the Council presidencies), 
the nine Foreign Ministers had a brief 
exchange on the siting of JET. The 
Commission was now looking for a 
decision of principle on the building 
of JET before the recess in order at 
least to supply more adhesive to the 
JET team than the second six-month 
extension to contracts just put together. 

The matter was put on the agenda 
of the Heads of Government meeting 
on July 12. The boost they were busy 
giving to the Community did not 
extend as far as JET, however, and it 
was not discussed. Assurances were 
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Fusion research: 
where it’s at 


Fusion research, which seeks to harness 
the energy released when nuclei of light 
elements are brought together to form 
heavier ones, aims ultimately to design 
a practical fusion reactor that produces 
electricity economically. The aim is thus 
to approach more closely the conditions 
at which the energy released from the 
deuterium-tritium reaction (the fusion 
reaction selected as the most promising 
of several possibilities) is greater than 
that expended both in heating the 
plasma in which the reaction occurs, and 
in losses. 

The immediate goals are therefore to 
find ways of heating the plasma to the 
necessary temperature, and to confine 
that plasma for the necessary time. 
Apart from the passage of electric 
current, methods of heating currently 
being investigated include the use of 
intense laser beams and the use of beams 
of high-energy neutralised particles ori- 
ginally produced from an ion source. 
The method of confinement in a dough- 
nut (torus) shape uses a helical magnetic 
field. This is made up of two compo- 
nents, a toroidal field produced by large 
external coils, and a poloidal field which, 
in the case of tokamaks like jet, is 
produced by a toroidal current in the 
plasma. 

Tokamaks, however, represent only 
one of three classes of toroidal device 
now being examined for their confine- 
ment capabilities. These are in fact dis- 
tinguished by the way the poloidal field 
is produced: 

(a) Tokamaks, and _ Reversed-field 
Pinches (high beta systems). In tokamaks 
the toroidal field is greater than the 
poloidal field; in reversed-field pinches 
the two are about the same and the 
toroidal field is reversed in the outer 
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regions of the plasma. In both, the 
plasma current which heats the plasma 
also creates the poloidal field. n 
tb) Stellarators (low beta systems). In this 
class of device, currents in helical con- 
ductors wrapped round the torus and 
outside the plasma produce the field 
which, with the toroidal field, confines 
the plasma. 

tc) Toroidal multipole. Here the poloidal 
field is produced by a steady current 
flowing in a levitated superconducting 
ring located in the centre of the vacuum 
chamber with the plasma. 

Magnetic confinement produces a plasma 
of modest density, so the confinement 
time necessary to boost the “confinement 
parameter” (density x confinement time) 
is longer compared to a plasma of very 
high density. 

Obtaining a high-density plasma is the 
aim of inertial confinement, in which 
the necessary time of confinement is 
actually shorter than the period in which 
the particles will escape from the re- 
acting zone. This confinement is 
achieved by irradiation with high-power 
laser beams. Extremely intense, short 
laser pulses bombard a solid deuterium- 
tritium fuel pellet, causing it to turn 
into a plasma so hot and so compressed 
that fusion reactions yield a surplus of 
energy before the pellet decays as a 
result of expansion. The method does 
not simply offer the possibility of avoid- 
ing the difficulties of using magnetic 
fields for confinement; it also offers the 
theoretical possibility of using a series 
of laser pulses to cause a succession of 
these explosions. 

The selling of fusion power has turned 
largely on its ostensible advantages in 
respect of the fuel it uses and its safety. 
But the supply of lithium (used to pro- 
duce tritium) is at least not certain, 
and neutron production in the reactor 
has the potential to make the reactor 
materials highly radioactive. There are 
other problems relating to possible 
lithium fires and tritium leakage. And 
since fusion is so patently a prospect for 
the distant future, guesses about its eco- 
nomics remain exactly that—all of 
which makes any choice between fusion 
and fast-breeder fission, if such a choice 
exists, correspondingly more difficult to 
make. 

JET is effectively a “third generation” 
tokamak device. Its equivalent in the 
USSR is known as T-20, in the USA as 
TFTR, and in Japan as JT-60. “Second 
generation” tokamaks include DITE at 
Culham, T-10 in the USSR and PLT in 
the USA. 

For the post-Jet period, the following 
sort of sequence is imagined: 

1980-1985 Tritium burning experiment 
1985-1990 Experimental reactor 
1990-2000 Prototype 

2000-2010 Demonstration 

Other common facilities envisaged 
over this period include a material test- 
ing facility and a superconducting 
magnet assembly. 





given that last week's Foreign Minis- 
ters meeting would deal with the 
matter in some detail though it 
was not on the official agenda. Nothing 
approaching progress which would 
satisfy the Commission resulted. The 
recess is now imminent. October is two 
more months away. 


JET lag importance 

The persistent procrastination, far 
from indicating that the EEC perceives 
the JET decision as having compara- 
tively minor consequence, is precisely 
a reflection of the project’s importance. 
JET is a major Community research 
project, perhaps the first of its type, 
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perhaps the first of many. Money is to 
be spent, and there are contracts to be 
had. That means large and powerful 
interests are involved, not just on both 
sides of various sectors of manufactur- 
ing industry, but within state adminis- 
trations and institutions and within the 
EEC’s own administrative structures. 
With so much at stake, the decision 
on the site had to become the prime 
focus of interest. To win JET was (and 
is) to win fusion in Europe. There are 
some, notably the Italians, who have 
claimed that JET, being just one part 
of an even larger overall programme, 
would not by its location determine 
where the European centre of excel- 
lence would lie. The argument is that 
the other projects to come would be 
sited elsewhere. But no one seems to 
believe it. Whoever wins JET, most are 
saying, acquires the huge investment 
that goes with it, the location for 
future reactors and the investment that 
goes with them too; whatever the 
spreading of the contracts, and no 
matter what clauses are inserted as 
safeguards into the agreement, the host 
country is said to have the advantage. 
That country’s cap acquires the fusion 
feather—and the reputation, the pres- 
tige and the national pride. It seems 
rather a lot to hang on a unanimous 


decision of a group of Research 
Ministers. 
The Commission, in the form of 


Signor Palumbo, finds all this a trifle 
exaggerated. He claims that the press 
has “transformed a technical and 
limited problem into one of prestige”, 
and points out that there is another 
aspect of the problem beyond the in- 
terest of a country in having JET. 
This is the interest in having JET at 
the best possible site. Suppose, he says. 
a super-intelligent, objective man 
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could identify both the best and the 
worst sites among those competing for 
JET. The difference between the value 
of the best site and the value of the 
worst site, he argues, is hugely out- 
weighed by the damage done by a one- 
year delay to the JET project and to 
the common fusion programme. In- 
deed, all sites could host JET, The 
choice of the site, while blocking every- 
thing, is thus irrelevant, he claims, 
and he goes on the repeat the growing 
view—that if the Commission’s choice is 
not approved, the Council of Ministers 
must give up its jealously guarded una- 
nimity rule to come to a definite choice. 

He certainly seems to be right 
about the urgency. Existing pro- 
grammes for medium scale devices at 
Jülich, Cadarache, Garching and Cul- 
ham all depend technically and finan- 
cially on a decision on the site for JET. 
Delay is discouraging the JET staff 
even further, making it difficult to 
maintain the team and impossible to 
expand it. It has been possible to 
farm out some small study contracts 
relating to the project, but money 
available for this is almost totally 
spent, and a Council decision is re- 
auired for more. Plans for buildings 
cannot be finalised, of course, buildings 
cannot be built, and orders cannot be 
placed for equipment that might be 
unsuitable or superfluous if another 
site is chosen. As the Commission has 
itself put it, any decision concerning 
further work without the site being 
known would be unrealistic, perhaps 
dangerous and almost certainly 
expensive. 

Just how expensive is perhaps not 
appreciated. The delay, apart from 
jeopardising the project itself and the 
whole fusion programme, may now be 
jeopardising the spirit of cooperation 


FBR: will it ever be stopped ? 


Allan Piper looks at the arguments 
concerning the fast breeder reactor 


HE UK Energy Secretary, Anthony 

Wedgwood Benn, decides this 
autumn whether Britain will build a 
commercial scale fast breeder reactor. 
It is a measure of the task he faces 
that, from one viewpoint, the FBR is 
an elegant and timely solution to 
immediately foreseeable energy prob- 
lems, while from another it looks like 
potentially the most disastrous tech- 
nological development imaginable. The 
dichotomy is simply explained: the 
reactor’s most attractive advantage— 
an ability to create its own fuel—is 
precisely its major disadvantage. For the 
fuel so created is plutonium, the stuff 


of nuclear weaponry. 

Mr Benn is fully aware of the 
enormity of his decision’s implications, 
whatever he chooses. Not much is 
known of how he will reach it, beyond 
the fact that a certain amount of public 
debate is involved. Some people believe 
the decision is being taken too quickly 
and ought to be delayed, saying the 
FBR is not yet needed; others contend 
that an early decision is vital for the 
industry and the country. The argu- 
ments are complicated, but what Mr 
Benn has to decide is, first, whether 
fast reactor technology is an essential 
clement of the future energy scene; 


Nature Vol. 262 July 29 1976 


that exists in Europe. It may also be 
damaging the credibility of the Com- 
munity’s decision-making procedures 
among other international organisa- 
tions and in other non-EEC countries. 
Most importantly, it may soon start 
affecting Europe’s own public, whose 
tacit support for the expenditure of so 
much money is less likely if the per- 
sistent delays (and the corresponding 
progress of the Americans and Rus- 
sians) make the project seem pointless. 

Optimists point out that a decision 
in October would mean that a delay 
of only a year had been incurred. No 
decision in October might mean leav- 
ing the decision as late as the next 
Heads of Government meeting in The 
Hague in December. But the viability 
of the whole project may have been 
brought into question by that time: as 
Herr Schuster, Director General at 
DG XII in Brussels, puts it, if there is 
no decision by then, the project is dead 
in an EEC framework. Yet it is 
Schuster who freely acknowledges that 
the German elections later this year 
might intervene, Italian-style. 

An alternative has already been 
mooted: that JET becomes a British- 
French-German operation. But a 
British minister has already said Britain 
is committed to European collabora- 
tion. And the Commission heaps 
derision on the idea. Alternative com- 
binations, it is said, are “futurology”: 
the three countries can’t agree among 
themselves, and JET is anyway ‘‘owned 
100°". by the Commission. But poli- 
tical facts could conceivably change 
things. The Community is being 
brought into disreputé. Fusion itself is 
being brought into disrepute. Unless 
something is done, a Community 
fusion project might therefore be a 
forlorn hope. O 


second, whether it can be developed to 
an acceptable level of safety; and, 
finally, whether it is socially desirable. 
He must make his decision against a 
backdrop of clear signs that the FBR 
will be developed elsewhere if not in 
Britain, and delay could spoil the 
chances of an early foothold in a poten- 
tially lucrative worldwide market. 
The case for the FBR rests squarely 
on its fuel breeding capacity (see box, 
page 344). Unlike existing commercial 
thermal reactors, which use less than 
1%, of the energy available in uranium, 
the FBR extracts more than 60%. At 
the same time it contributes towards 
future energy supplies by “breeding” 
plutonium. These simple advantages 
mark it out as the potential saviour of 
an energy hungry world. 
Consideration of Britain’s nuclear 
fuel prospect highlights the possible 
benefits of the FBR. Since the middle 
1950s the UK thermal reactor pro- 
e 
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gramme has produced 20,000 tons of 
depleted uranium. Ordinarily of little 
value, this stackpile, together with the 
13 tons or so of plutonium that have 
also accumulated, could be used in fast 
breeders to provide as much energy as 
the nation’s total known reserves of 
coal. For a country with a sizeable 
(5GW) and expanding nuclear pro- 
gramme, this represents an indigenous 
energy source that could become ever 
more crucial as the domestic require- 
ments of the uranium exporting nations 
themselves increase. British imports 
from Canada could be squeezed, as 
could possible future supplies from 
Australia. A large political question 
mark hangs over Namibian uranium, 
Britain’s only other source of reactor 


fuel. 
Worldwide nuclear expansion will 
also introduce economic pressures. 


Present assessments of world uranium 
reserves are as elastic as the market 
prices assumed in calculations, but at the 
existing price of around $15 a pound 
an estimated 3.4 million tons of high 
grade ore are available, though only 
half of that is so far proven. Whether 
this can last beyond 1990, even with 
today’s worldwide nuclear capacity, is 
already a matter of debate. 

There is less doubt, however, that by 
the turn of the century the continued 
use of thermal reactors alone could 
force the exploitation of lower grade 
ores. The consequent increase in prices, 
which might rise as high as $100-$200 
a pound if forecasts from the US 
Energy Research and Development 
Administration prove correct, is likely 
to be matched nly by the increased 
amount of environmental despoliation 
accompanying the extraction of ores 
with energy contents similar to that of 
coal. (Currently used ores provide 
around 25,000 times as much energy as 
coal in thermal reactors, or up to about 
1.5 million times as much in fast 
breeders.) 

What bearing this has on the case 
for a British FBR programme is rather 
a matter of viewpoint. On the one 
hand, energy demand forecasts from 
within the nuclear industry and the 
Department of Energy (DEN) identify 
the FBR as an indispensable corner- 
stone of the British energy scene until 
fusion power arrives. On the other, it 
is easy to query the accuracy of fore- 
casts. The degree of uncertainty in- 
volved was underlined during the recent 
national energy conference when 
British Gas leaders refuted predictions 
of a UK energy gap before the end of 
the century. 

Independent research units similarly 
believe that electrical energy demands 
may already be near to peaking, while 
pressure groups claim that demand can 
be regulated by conservation measures, 
ensuring that sufficient nuclear capacity 
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Prototype Fast Reactor with the Dounreay Fast Reactor in the background 


is achieved economically using more 
efficient thermal reactors systems such 
as CANDU (see box). There are also 
calls for more research and develop- 
ment (R&D) effort on high temperature 
reactors, which open up the possibilities 
of the thorium cycle. But the UK 
Atomic Energy Authority (UKAEA) is 
less enthusiastic, wary of the huge 
initial uranium investments needed to 
launch such a programme. 

UKAEA forecasts predict that by the 
turn of the century almost 75% of the 
national energy demand must be met by 
nuclear power. Of the 198 GW needed 
to do this job, almost 33 GW, nearly 
seven times the current total installed 
nuclear capacity, will come from fast 
breeders. Whether this target is treated 
entirely seriously by the DEN remains 
doubtful, particularly as the Central 
Electricity Generating Board (CEGB) 
could by then handle a maximum of 
only 20GW from FBRs. Moreover, 
Walter Marshall, Chief Scientist at the 
DEN, has several times publicly voiced 
the conviction that the number of com- 
mercial fast breeders operating by the 
year 2000 is unlikely to exceed two or 
three. 

Nonetheless, this only reinforces the 
UKAEA’s case for early clearance for 
their planned 1,300 MW demonstrated 
FBR, CFR-I. It has built up a good 
head of steam for the off. Its R&D 
effort on FBR technology extends back 
over 25 years, with operational experi- 


ence dating from the start-up of the 
14 MW experimental FBR at Dounreay 
in Scotland (DFR) in 1959. The pro- 
gramme advanced a further major step 
two years ago with the introduction at 
low power of a 250MW prototype 
(PFR), also at Dounreay. 

Estimates of the total cost involved 
in coming thus far vary between £200 
and £400 millions, but the UKAEA’s 
present level of financial commitment 
speaks for itself. Though cuts of up to 
£4 millions are expected as part of 
current UK expenditure savings, R&D 
spending on FBR technology over the 
past three years has stood at around an 
annual £40 millions, almost a third of 
the total nuclear R&D cake, and by far 
the largest single slice. Moreover, about 
half of the overall nuclear R&D work- 
force is involved with the FBR. 

The UKAEA therefore understand- 
ably feels that the next logical step is 
the design and construction of CFR-1, 
expected to take about 10 years, Con- 
fidence generated by almost two 
decades of reasonable progress with 
DFR. which has pumped more than 
500 kWh into the national grid, extends 
beyond the reactor itself, into every 
area of the related fuel cycle. 

At least one group does not share the 
UKAEA’s confidence. Friends of the 
Earth (FOE) have vocally attacked the 
international record of fast reactor 
development with single minded con- 
viction. During a recent House of 
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Commons Select Committee meeting 
FOE listed a series of developmental 
setbacks that provokes sober reflection, 
The Enrico-Fermi FBR in Detroit, 
Michigan, for example, was constantly 
beset by potentially dangerous disrup- 
tions during its sporadic, nine-year 
operational life, while more recently 
the Soviet BN-350 FBR on the Caspian 
coast has suffered several serious leaks 
in the steam generating plant. Welding 
has, indeed, proved a persistent prob- 
lem, and has delayed the full-power 
operation of the Dounreay PFR. The 


molten sodium used in the cooling cir- 
cuits is highly corrosive. Void forma- 
tion—the occurrence of gas bubbles in 
the coolant—is another major problem 
common to all FBRs and has still to be 
overcome. 

Remaining hitches in reactor tech- 
nology can, it is argued, be straightened 
out during the 20-year run-up to a 
commercial FBR network. But doubts 
linger over the associated fuel cycle. 
They arise not only at the technologi- 
cal level, where experience already 
gained by British Nuclear Fuels Ltd has 


How the FBR is different 


Nuclear power installations harness the 
heat energy released during controlled 
nuclear fission, and convert it into usable 
electricity. Fast breeder reactors (FBRs) 
differ from existing commercial reactors 
(known as “thermal” reactors) because, 
along with energy, they produce more 
fissile material than they consume—a 
self-sustaining bonus which could con- 
siderably stretch world uranium re- 
sources. 

Like fast breeders, thermal reactors 
produce some plutonium but only in 
minute amounts. This is because more 
than 97°, of the uranium used in ther- 
mal reactors fuel is non-fissile uranium- 
238, which is partially converted into 
plutonium while fission of the small 
fraction of uranium-235 proceeds. But 
plutonium is itself fissile, and most of it 
rapidly breaks down again, adding to the 
overall energy output of the system. 
(The Canadian CANDU reactor is de- 
signed to take full benefit of this 
phenomenon, optimising fuel efficiency.) 
Thus only about 1°., of spent fuel from 
thermal reactors remains as plutonium. 

On the other hand, the FBR can breed 
plutonium, using fast neutrons rather 
than the slow neutrons used in thermal 
reactors. Although fast neutrons are less 
efficient in inducing fission, the chain re- 
action they set up produces the greater 
number of additional neutrons needed to 
convert uranium-238. Consequently, the 
moderators used to decelerate fast neu- 
trons in thermal reactors are absent from 
fast breeders. 

The problem of decreased fission effic- 
iency is overcome by pushing the neu- 
tron density in FBR fuel elements above 
the level achieved in thermal reactors. 
This means that the core assembly must 
be extremely compact, while the con- 
centration of fissile material must be 
boosted way above the maximum enrich- 
ment factor of 3%, needed in thermal fuel. 

The 14MW experimental FBR at 
Dounreay (DFR), for instance, uses 75", 
enriched metallic uranium in a core of 
little more than 100 litres. At Dounreay, 
as in all FBRs, the uranium-238 needed 
for breeding is located in a “blanket” 
around the core, where the neutron den- 
sity is no longer sufficient to break down 
the fissile plutonium formed. 

In assessing the doubling time of an 
FBR—the period required for the reactor 
to reproduce the amount of fissile 
material originally in the reactor core 
the entire fuel cycle is considered. At 
any one instant, for example, fissile 
material may be within the reactor itself, 
undergoing cooling, reprocessing or re- 
fabrication, or in transport. 


It is thus possible to control the doub- 
ling time by retiming any of the opera- 
tions involved in the cycle. Current 
UKAEA plans envisage a doubling time 
of about 28 years for Britain’s first 
commercial FBRs early next century, a 
figure that neatly matches the expected 
expansion rate of the reactors themselves. 

With the high neutron density in an 
FBR core, heat is generated more effic- 
iently than in thermal reactors. Thus, 
while most thermal reactors operate at 
temperatures well below 300°C, the 
250 MW prototype FBR at Dounreay 
(PFR) has a design outlet temperature 
of almost 600 °C. Fast breeder fuel ele- 
ments must be designed to withstand the 
extra heat. 

It soon became apparent that the 
metallic uranium core used in the DFR 
would melt at operating temperatures 
above 350°C. As a result, the PFR is 
fuelled by sintered pellets of uranium 
oxide and plutonium oxide. Uranium-235 
is not an essential component, however, 
and fast breeders of the future could be 
fuelled with fissile plutonium-239 alone, 
though uranium-238 breeding material 
would, of course, have to be present. It 
is in by-passing the need for the scarce 
uranium-235 isotope that the FBR can 
stretch available uranium resources. 

The fast breeders so far developed in 
Britain, France, Germany, Japan, the 
USA and the USSR are all designed to 
use liquid metal coolant circuits to carry 
the heat away from the core. They are 
therefore known as liquid metal fast 
breeder reactors. By using sodium, which 
is normally molten between 98 °C and 
880 °C, the unnecessary hazards asso- 
ciated with pressurised operation proce- 
dures can be avoided. 

To minimise the risk of radioactive 
contamination, sodium circulated around 
the core in the primary reactor chamber 
passes its collected heat onto a 
secondary, external sodium circuit 
shielded from radiation. This circuit in 
turn carries heat to the steam genera- 
tors. 

FBR development has not run alto- 
gether smoothly, After 17 years opera- 
tional experience with the DFR and the 
PFR, the UK nuclear industry is still 
struggling with problems in the steam 
generating plant of the PFR. The 
CEGB, however, which is prepared to 
have 20GW of FBR capacity plugged 
into the national grid by the year 2000, 
has also declared a watchful interest in 
the development of helium-cooled fast 
breeders, which could provide an even 
better alternative to the liquid metal 
FBRs. 
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been encouraging, if somewhat contro- 
versial, but also at environmental and 
political levels. 

In a submission last year to the Royal 
Commission on Environmental Pollu- 
tion (RCEP), which is due to publish a 
report on radiological hazards before 
Mr Benn’s autumn decision, the 
UKAEA covered the environmental 
issues. Its arguments that the hazards 
of long-lived, highly active wastes can 
be satisfactorily controlled are likely 
to tip the scales in favour of the FBR. 
Mr Benn has indicated that the RCEP 
report will influence his decision, and 
it is now clear that the Commission 
itself, for some time reportedly divided 
over nuclear issues, will back CFR-1. 
In a recent reference to commercial 
FBR development Sir Brian Flowers, 
Chairman of the RCEP, said that while 
the implications and alternatives had 
not been explored with the level of 
resources and dedication devoted to the 
nuclear programme itself, he would not 
oppose the building of CFR-1 alone. 

But the social and political implica- 
tions of FBR reprocessing most worry 
those who believe that one step forward 
to CFR-I will carry too much 
momentum for subsequent withdrawal. 
Though FBRs produce plutonium at a 
slower net rate than thermal reactors 
their proliferation would introduce the 
need for widespread plutonium trans- 
port. On UKAEA reckoning there 
could be 250 tons at various stages of 
the fuel cycle in Britain by the year 
2000. 

FBR opponents fear that the security 
measures required would be not far 
short of Draconian. A’ Bill to introduce 
the arming of nuclear security police 
has already been passed by the UK 
Parliament, and a US Government 
official this month called for an armed 
international security force. Additional 
doubts have been expressed about the 
sort of political arrangements needed 
to ensure worldwide adherence to safe- 
guards such as those already imple- 
mented on a more limited scale by the 
International Atomic Energy Agency. 

In France, the political and tech- 
nological fears have led to civil dis- 
turbances involving qualified and well- 
informed opponents of the 1,200 MW 
Superphénix project now beginning on 
on the Rhône. But in Britain there is 
little public awareness of the issues. Sir 
Brian Flowers recently charged that the 
UK Government apparently preferred 
to keep things in the dark. Similar con- 
cern has also led the Liberal Peer, 
Lord Avebury, to call for a Green 
Paper once the RCEP report is avail- 
able, and to hint that a national 
referendum would not be inappropriate. 
Mr Benn has said only that a question- 
naire will be produced for limited, and 
so far unspecified, circulation. 

Though it is clear that the case for 

. 
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the FBR is far from open and shut, Mr 
Benn’s view of international develop- 
ments may persuade him to nod CFR-1 
through. France, Germany, and the 
USA are all aiming for commercial 
FBR capacity by the 1990s, with Japan 
and Russia not far behind. UKAEA 
collaboration agreements already exist 
in one form or another with all of these 
countries, while the CEGB, currently 
chasing a minor share of the Super- 
phénix project, also holds an interest 
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in the German SNR-30 FBR proto- 
type. 

UKAEA feeling is that delays with 
CFR-1 will not help strengthen col- 
laboration, perhaps damaging Britain's 
relative position in a commercial 
development race that will be run any- 
way. One man who disagrees is John 
Surrey, who last month resigned as 
nuclear adviser to the Select Committee 
on Science and Technology. He has 
argued publicly that Britain can learn 


Exports: time for a stand ? 


Colin Norman in Washington examines the NRC’s 
problems concerning the export of uranium to India 


ARLY next month, the Nuclear 

Regulatory Commission (NRC) will 
decide whether to allow 12,261 kg of 
slightly enriched uranium to be ex- 
ported to India. Its decision, the tough- 
est it has yet faced, will have major 
foreign policy implications, for it will 
represent a crucial milestone in the 
United States’ efforts to prevent the 
proliferation of nuclear weapons. In 
fact, it is the kind of foreign policy 
decision that is usually made by the 
President. 

NRC is thrust into the middle of the 
issue because it alone has the authority 
to grant or deny an application for a 
licence to export nuclear material from 
the United States. Its decisions can only 
be overturned by an Act of Congress. 
In this instance, it has under con- 
sideration an application to export fuel 
for the giant Tarapur Atomic Reactor 
Station near Bombay, an American- 
built reactor which has been operating 
since the early 1960s with fuel supplied 
by the United States. 

Understandably, NRC is treating the 
matter with considerable caution. Last 
week, it held a public hearing to receive 
testimony on the licence application— 
the first public hearing ever called to 
discuss a nuclear export licence—and 
it was given a wealth of conflicting ad- 
vice. On the one hand, the State 
Department and the Commission’s own 
staff recommended that the application 
be approved, while on the other, a 
powerful coalition of arms control ex- 
perts. Congressmen, environmentalists 
and nuclear critics argued that the 
licence should be denied. 

Underlying the debate, of course, is 
the fact that on May 18, 1974, Indian 
scientists exploded a nuclear device 
constructed from plutonium produced 
in a Canadian-supplied reactor. It was 
the first time that any nation had used 
imported technology to join the nuclear 
club, and as a result Canada earlier 
this year decided to bar any further 


nuclear assistance to India. Opponents 
of the request to ship enriched 
uranium for the Tarapur reactor are 
urging that the United States should 
follow Canada’s example. 

Representative Clarence D. Long of 
Maryland for example, told NRC that 
“our response to India is the first test 
of whether the United States has a 
real policy of stemming the spread of 
nuclear weapons”. Similar sentiments 
were also expressed by Dr Herbert 
Scoville, former deputy Director-of the 
Central Intelligence Agency, and 
Adrian Fisher, former chief negotiator 
for the Nuclear Non-proliferation 
Treaty (NPT). Fisher argued, for ex- 
ample, that “the continued supply by 
the US of nuclear fuel for the Indian 
atomic program can only be looked on 
by other nations as tacit approval by 
the United States of the Indian nuclear 
explosive program”. 

The United States has been supplying 
enriched uranium for the Tarapur 
reactor for more than a decade under a 
unique agreement. In short, the agree- 
ment specifies that the reactor can only 
be operated with fuel supplied by the 
United States, and that such fuel can- 
not be used in any other facility in 
India. The United States also has an 
option to buy back spent fuel dis- 
charged from the  reactor—nearly 
200,000 tons have so far been accumu- 
lated—and no reprocessing of that fuel 
can take place in India without US per- 
mission. Moreover, operation of the 
Tarapur reactor is subject to monitor- 
ing by the International Atomic Energy 
Agency (IAEA). 

But India has an extensive nuclear 
programme in addition to the Tarapur 
reactor which is not covered by the 
agreement and which is not subject to 
international safeguards. The explosive 
device detonated in 1974, for example, 
was made from plutonium produced in 
a Canadian-supplied research reactor 
and separated in a small reprocessing 
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much from the sidelines, and that 
restraint at this stage will allow the 
channelling of larger funds into other 
areas of energy R&D, including con- 
servation. The UKAEA must hope that 
Mr Benn is unimpressed by that reason- 
ing: it has already placed a contract 
with the Nuclear Power Company for 
design and engineering work “related” 
to CFR-1. On the question of a pos- 
sible site, there has been official silence. 


o 


plant built by the Indians themselves. 
And a new factor has recently been 
introduced because India has recently 
completed construction of a large 
reprocessing facility adjacent to the 
Tarapur reactor. According to State 
Department spokesmen at last week’s 
NRC hearing, the facility is now under- 
going tests and it will soon have the 
capacity to reprocess much of the spent 
fuel from India’s entire nuclear pro- 
gramme. The construction of the plant 
has given India at least the capacity of 
building large numbers of explosive 
devices. 

Opponents of the proposal to ship 
more fuel for Tarapur, led by the 
Natural Resources Defense Council, 
the Union of Concerned Scientists and 
the Sierra Club, argued at last week’s 
hearings that, at the very least, NRC 
should deny the application until India 
has agreed to several stringent con- 
ditions. First, the Indian government 
should pledge not to construct further 
explosive devices. Second, the United 
States should exercise its option to buy 
back spent fuel already produced by the 
Tarapur reactor. Third, India should 
agree to place all its nuclear facilities 
under international safeguards. And 
fourth, India should agree not to 
reprocess any spent fuel, at least for 
the time being. 

Clearly, the Indian government 
would not readily accept such condi- 
tions. But the opponents of the licence 
application point out that India would 
be hard pressed to find an alternative 
fuel supplier. The only other exporter 
of enriched uranium is the Soviet 
Union, and potential European ex- 
porters are at least ten years away 
from having significant export capacity. 
Thus, they argue that “if India wishes 
to avoid a shut-down of the Tarapur 
reactors, it may well have to deal with 
the United States, and the Commission 
has leverage to obtain non-proliferation 
ends”. 

But those views are not shared by the 
State Department. In a long statement 
delivered to the NRC last week, for 
example, Assistant Secretary of State 
Myron Kratzer argued that “the credi- 
bility of the United States as a reliable 
supplier of nuclear materials, equip- 
ment, and services is an essential ele- 
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ment in achievement of our non- 
proliferation objectives”. Kratzer 


argued that the US-Indian agreement 
covering the Tarapur reactor is suffi- 
cient to prevent diversion of its pluto- 
nium to weapons production. And he 
warned that if the United States refuses 
to ship more fuel for the reactor, the 
Indian government could claim that 
the original agreement had been broken 
and that the spent fuel is therefore no 
longer under safeguards. 

Kratzer announced, however, that 
the State Department is looking into 
the possibility of taking up the option 
to buy back the spent fuel which has 
already accumulated from the Tarapur 
reactor. 

One key issue which surfaced during 
last week’s hearings concerns the ex- 
tent to which the United States pro- 
vided aid for the production of India’s 
first explosive device. The Cirus 
reactor, which provided plutonium for 
the device, was moderated by heavy 
water bought from the United States on 


IN BRIEF 


Stever’s appointment 


After weeks of uncertainty and delay, 
President Ford last week nominated 
Dr H. Guyford Stever to be his 
science adviser and the first Director 
of the new White House Office of 
Science and Technology Policy (OSTP). 
Stever’s nomination must be confirmed 
by the Senate, but swift approval is 
expected. The appointment was delayed 
because four right-wing Republican 
Senators last month criticised Stever’s 
record as Director of the National 
Science Foundation and urged Ford not 
to nominate him for the White House 
post. The delay has ensured that OSTP 
will have little influence for several 
months. The Ford Administration’s 
longevity is in considerable doubt, and 
with the election in full swing, few 
people will pay attention to the office. 
Nevertheless, President Ford can at 
least claim that he has restored science 
advice to the White House. 


The axeman cometh 


The £1,000 million public expenditure 
cuts announced by the UK Government 
last week, which are due to take effect 
in 1977-78, have not left science- 
related activities unscathed. With the 
axe falling on capital investment pro- 
grammes of the nationalised industries, 
the energy sector (with the exception 
of the British National Oil Corpora- 
tion) is particularly hard hit. Coal, gas 
and electricity will be seeking a total 
saving of about £70 million through 
deferred projects. Apart from the 


condition that it be used only for peace- 
ful purposes. 

When Senator Abraham Ribicoff last 
month drew attention to the possibility 
that American material had helped 
India produce its first atomic blast, the 
State Department demurred. It argued 
that, by the time the Cirus reactor 
began producing plutonium for the 
device, the US-supplied heavy water 
had been replaced with heavy water 
manufactured in India. Kratzer con- 
firmed last week, however, that some 
US-supplied heavy water was probably 
still in the reactors at the time India 
used it to manufacture plutonium for 
the explosive. Consequently, critics of 
the proposed fuel sale argued that 
India cannot be trusted to abide by its 
pledges not to develop nuclear 
weapons. 

The nub of this whole dispute is 
really that the opponents of the appli- 
cation are arguing that the time has 
come for the United States to make a 
public demonstration that it is serious 


Selby coal scheme, this may involve a 
12-month postponement on the Steam 
Generating Heavy Water Reactor and 
a cutback on research and develop- 
ment of the fast breeder reactor. A 
cut of £100 million is being sought from 
the Ministry of Defence: most of the 
cuts will be achieved by removing or 
rephasing existing programmes, and 
research work may not escape. At the 
Department of Education and Science 
the science budget will be cut in 1977- 
78 by £5 million. Details have yet to be 
made known, and it is thought that 
advice from the Advisory Board for the 
Research Councils will be sought before 
final decisions are made. 


Geothermal energy 
research programme 


A three-year programme of geo- 
thermal research in the UK is to be 
supported by the Department of Energy 
following the publication of a report, 
Geothermal Energy: the case for 
research in the United Kingdom 
(HMSO, £1.85). The report, by Dr J. D. 
Garnish of the Energy Technology 
Support Unit (ETSU), Harwell, reckons 
that likely returns warrant a modest 
research programme of collection and 
refinement of data. 

Interest centres on two techniques— 
the extraction of hot water from aqui- 
fers in sedimentary basins or near 
springs, and the hydrofracturing of 
rocks, usually granite, with a higher 
than average temperature. Temper- 
atures likely to be encountered with 
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in its efforts to deter the spread of 
nuclear weapons, while the State 
Department is arguing that abrogation 
of the agreement to fuel Tarapur would 
jeopardise those US non-proliferation 
policies. The four NRC commissioners 
will be hard put to decide which side is 
correct. 

At this stage, it’s difficult to predict 
with certainty what the Commissioners 
will decide, but at least there is a clue. 
Earlier this year, there were two appli- 
cations outstanding for exports of fuel 
for Tarapur—the 12,261 kg which was 
the subject of last week’s hearings, and 
a separate shipment of 9,165 kg. 
Because at least one shipment was 
required urgently to avoid shutdown of 
the reactors, NRC approved the export 
of the smaller quantity on July 2. It 
did so by a vote of 3 to 1, but explicitly 
stated that the action would not pre- 
judice its consideration of the second 
licence application. Its final decision 
will probably be made in the first week 
of August. I 





either technique are in the 100 to 
200 °C range. 

Much of the £840,000 involved in the 
research programme (which ETSU will 
supervise) will go to the Institute of 
Geological Sciences for data gathering, 
particularly in Cornwall, Durham, Bath, 
Bristol, the Hampshire Basin and the 
Midland Valley of Scotland. Imperial 
College and Oxford University are also 
likely to receive support. 


Plea for prisoners 


Two scientists, Sergei Kovalyov (Soviet 
Union) and Sandor Arancibia (Chile) 
were the subject of appeals by a group 
of distinguished biologists on the 
occasion of international congresses of 
endocrinology and biochemistry in 
Hamburg recently. Kovalyov, an 
electrophysiologist, was sentenced in 
December 1975 to seven years in prison 
and three years exile for anti-Soviet 
activities. Arancibia, a neuroendocrino- 
logist, was given a life sentence—he had 
been a prefect in the Valdivian region 
before the 1973 change of regime. 
Signatories included A. Lwoff, F. 
Jacob, J.-P. Changeux, F. Gros, F. 
Morel, Y. Laporte, E. Baulieu, J. 
Nunez, C. Kordon, C. B. Anfinsen, C. 
deDuve, G. Wald, D. Baltimore, R. 
Dulbecco, S. Luria, A. Szent-Györgyi, 
J. D. Watson, H. Krebs, H. Temin, J. 
Axelrod, V. Ramirez, L. Martini and 
J.-P. Waller. They call on Mr Brezhnev 
and General Pinochet to free their 
colleagues strictly for humanitarian 
purposes since “their lives are in danger 
and those of their families are broken”. 


Nature Vol. 262 July 29 1976 





news and views 





The history of the term ‘ionosphere’ 


from C. S. Gillmor 


For more than four decades the term 
“ionosphere” has been used to desig- 
nate the ionised regions from about 60 
kilometres to some thousands of kilo- 
metres above the Earth's surface. 
These regions were not always so 
named. In the first years after G. 
Marconi’s demonstration in 1901 of 
trans-Atlantic radio communication, 
some pioneers of wireless, such as 
A. E. Kennelly, O. Heaviside and J. 
Erskine-Murray, designated the upper 
atmospheric region which supposedly 
played a part in long distance radio 
transmission as the “upper reflecting 
surface” or the “conducting layer”. 
Many others, of course, believed no 
such ionised region existed. Discussion 
was stimulated by G. Marconi’s lectures 
where he described the difference 
between day and night transmission 
(Marconi, Proc. R. Soc. A., 70, 344- 
347; 1902). Marconi termed the “day 
effect” (what wogild later be called the 
“night effect”), the phenomenon that 
radio transmission during the daytime 
seemed possible over a distance only 
two-fifths as great as that at night. 
Marconi’s original explanation was that 
this was due to local effects of sunlight 
on the transmitting antennae. Others 
attributed the effect to increased ionisa- 
tion of the upper atmosphere by the 
Sun. 

The work of W. H. Eccles, L. de 
Forest, and L. F. Fuller just before 
World War I (Tuve, J. atmos. terr. 
Phys., 36, 2079-2083; 1974) stimulated 
a great debate on the nature and 
effective height of the upper region. 
Though Eccles suggested the name 
“Heaviside layer” in 1912 (Eccles, 
Proc. R. Soc. A., 87, 79-99, 1912), no 
single term emerged. L. W. Austin, O. 
Lodge, L. Cohen, G. W. O. Howe and 
others spoke of the “upper atmos- 
phere”, “upper conducting layer”, “far 
upper regions”, and “ionised upper 
atmosphere”. Following World War I, 
Eccles’ term was revived and “Heavi- 
side layer” (“Kennelly-Heaviside layer” 
according to some), became the most 
frequently used term with “upper 
conducting layer” the next preferred. 


By the early 1920s it was not so clear 
that ‘Heaviside layer” should be 
synonymous with the upper ionised 
regions of the atmosphere because 
various geophysical phenomena were 
known to occur at different heights in 
the upper atmosphere. A. Schuster 
called them the “upper conducting 
layers” (Schuster, Electrician, 89, 325; 
Sept. 22, 1922). W. H. Eccles pointed 
out that the “night effect” was probably 
caused by the lower edge of the upper 
region of the atmosphere where free 
electrons ‘exist more or less perm- 
anently” (Eccles, Electrician, 94, 208; 
Feb. 20, 1925). This lower edge is the 
Heaviside layer, he said, and it might 
be located higher or lower than the 
ionised region needed to explain the 
diurnal magnetic variations. Below this 
was the “middle atmosphere” where 
ions of molecular size are formed daily 
by sunlight. These ideas were not new, 
he said, but had been assumed long 
ago by students of wireless. 

As a scientific specialty matures it 
concerns itself with standards of 
measurement, technique and nomen- 
clature. This is evidenced by the actions 
of the British Radio Research Board 
(RRB), set up after World War T. In 
the autumn of 1921 the RRB Sub- 
Committee A, on Propagation of Wire- 
less Waves, discussed (RRB Sub- 
Committee A, Paper 27: 1921) the 
recommendations of an international 


committee which had proposed 
standardising terms: “‘radio” in place 
of “wireless telegraphy”: ‘‘atmos- 
Dherics” in place of “parasitics’’, 


“statics” or “X” (strays): “electronic 
tube” in place of “valve”, “lamp” or 
“audion”: and “antenna” in place of 
“aerial”. In the spring of 1924 the Sub- 
Committee discussed (RRB Sub- 
Committee A, Paper 68; March 8, 
1924) terms for the classification of 
radio emissions (Continuous Waves 
(CW) and modulated forms of CW, and 
Damped Waves). It was probably at 
some similar meeting in the autumn of 
1926 that the question was raised of 
agreeing on a term to designate the 
entire atmospheric region or regions 


where ionised particles accounted for 
the major phenomena. In fact, R. A. 
Watson-Watt referred to recent discus- 
sions on nomenclature in a letter to the 
Secretary of the RRB. In this letter 
(Gardiner, Nature, 224, 1096; 1969), 
dated November 8, 1926, Watson-Watt 
suggested the term “ionosphere” in 
place of what had been loosely termed 
the “upper conducting layer”, and 
mentioned the analogy to stratosphere 
and troposphere. 


Now it seems that E. V. Appleton 
was thinking similarly, for in a letter 
(Edinburgh University Library, MS. 
Gen. 1985/21) to J. A. Ratcliffe dated 
November 2, 1926 Appleton wrote: 


“For the ionised part of the upper 
atmosphere I think the terms iono- 
sphere or electrosphere might be 
useful. Which do you prefer? Cf. 
Stratosphere & Troposphere”’. 


Watson-Watt and Appleton had numer- 
ous opportunities in those days for con- 
versation at the Radio Research 
Station at Slough, at meetings of the 
RRB, and at King’s College, London. 
In spite of the RRB discussions, “iono- 
sphere” seems at first to have fared 
little better than the terms designed to 
replace “wireless” or “valve”. The first 
to use the term “ionosphere” in print 
was Watson-Watt in 1929 in the 
Symond Memorial Lecture to the 
Royal Meteorological Society (Watson- 
Watt, Q. JI R. met. Soc., 55, 273-301; 
1929). He noted: 


“It might be permissible to call 
it the Balfour-Stewart-Fitzgerald- 
Heaviside - Kennelly - Zenneck - 
Schuster -Eccles-Larmor- Appleton 
space, but something less direct is 
desirable. T have suggested the 
name ionosphere to make a system- 
atic group troposphere, stratos- 
phere, ionosphere but meanwhile 
the term ‘upper conducting layers’ 
seems to hold the field”. 


The term was next used, in its German 
form “ionosphire”’, by H. Plend! who, 
independently, suggested it early in 
1931 and used it in articles published 
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later that year (Plendl, Jb. dt. Vers 
Anst. Luftf., 665-671; 1931). 
“Ionosphere” came into use widely 
beginning only in the period 1932- 
1934 when Watson-Watt, Appleton, 
Ratcliffe, W. Dieminger, I. Ranzi, 
D. F. Martyn, S. K. Mitra and others 
began to use the word in the titles of 
published papers and lectures. An ex- 
ample of its legitimisation was the 
prominent use of ‘Ionosphere’ in 
the Kelvin Lecture delivered at the 
Institution of Electrical Engineers in 
April 1933 by Sir Frank Smith, Secret- 
ary of the Department of Scientific and 
Industrial Research (Smith, Electrician, 
110, 581-582; May 5, 1933). It was 
thus that the term began to appear in 
library indices and abstracting categor- 
ies. It then began to be used in related 


forms; the pulsing vertical incidence 
radar became known as the ionosonde, 
and ionospheric workers were some- 
times known as ionospherists. Use of 
the term was at its relative maximum 
during the early 1950s when about 
35% of all published papers on iono- 
spheric physics (Manning, Biblio- 
graphy of the lonosphere, Stanford 
University Press, Stanford, California, 
1962) had the word ionosphere or a 
form of it in their titles. This trend has 
reversed as other specialties have 
developed out of ionospheric physics 
and terms such as “magnetosphere” 
and “STP” (solar-terrestrial-physics) 
have come into common use to desig- 
nate many subjects which formerly 
were included primarily within the 
specialty of ionospheric physics. o 


Transformation and tumorigenicity 


from Robert Shields 


Some recent observations on the pro- 
perties of cells transformed by mam- 
malian tumour viruses and their ability 
to cause tumours when injected into 
the commonly used nude mouse, raise 
several questions on the validity of 
treating these experimental systems as 
a model for real cancers. 

Ever since the first mammalian cell 
cultures were transformed by tumour 
viruses a great deal of effort has been 
expended in attempts to understand 
the process of oncogenic change in 
vitro. Studies using a few cell types 
and even fewer viruses have collected 
an enormous number of in vitro 
cellular properties that are often asso- 
ciated with tumorigenicity. These in- 
clude changes in cellular morphology, 
increased cell autonomy, loss of density- 
dependent inhibition of growth, de- 
creased dependence on high levels of 
serum in the culture fluid, increased 
agglutinability by plant lectins, changes 
in membrane composition, increased 
ability to grow in gel suspension (loss 
of anchorage dependence) and so on 
and so on. What is a pity is that much 
of the work on these properties has 
been performed on established lines of 
virally transformed cells so it has been 
impossible to unravel which changes 
are caused by the virus and which have 
arisen through selection in culture. 

One way around this problem has 
been to select at random clones of 3T3 
or primary rat embryo cells recently 
infected with SV40 and examine each 
clone for various parameters of 
transformation (Risser and Pollack, 
Virology, 59, 477, 1974: Risser, Rifkin, 
and Pollack, Cold Spring Harbor Symp. 
quant. Biol., 39, 317; 1974). In this way 
it was hoped to find which parameters 
of transformed cells are related to the 


viral gene, which changes are related 
to each other, and which changes 
confer tumorigenicity. 


The results from these experiments 
showed that the virus was able to elicit 
a whole spectrum of changes. The only 
alteration in some clones of 3T3 cells 
was that they could grow in low con- 
centrations of serum, and that they 
could grow to higher cell densities. 
These cells were negative for the virus- 
specified T antigen, no virus could be 
rescued from them and the cells could 
be fully transformed by reinfection 
with SV40. All this suggests that these 
changes may be caused by a hit and 
run action of the virus rather than by 
the continued presence of the viral 
gene. 


The only in vitro cellular property 
that correlated with the ability of the 
cells to cause tumours in nude mice 
(which lack cell-mediated immunity), 
was their ability to grow in methocel 
suspension (anchorage independence) 
(Shin er al., Proc. natn. Acad. Sci. 
U.S.A., 72, 4435; 1975) and this pro- 
perty was in turn correlated with the 
ability of the cells to produce a pro- 
tease that converts plasminogen in the 
serum to plasmin (Pollack er al., Proc. 
natn. Acad. Sci. U.S.A., Ti, 4792; 
1974). These experiments were per- 
formed with only two cell types and 
one transforming agent but many other 
reports have suggested a correlation 
between anchorage-independent growth 
and tumorigenicity (Freedman and 
Shin, Cell, 3, 355; 1974; Laug et al., J. 
natn. Cancer Inst., 54, 173; 1975). 


The correlation between growth in 
suspension and tumorigenicity is far 
from absolute, however. Examination 
of epithelial cell lines derived from a 
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number of human carcinomas show 
that some cells grow in suspension and 
fail to form tumours in nude mice, 
some anchorage-dependent lines are 
tumorigenic and furthermore there is 
no correlation between the ability to 
activate plasmin and either growth in 
suspension or tumorigenicity (Marshall, 
Franks and Carbonell, personal com- 
munication; Pearlstein ert al., Cancer 
Res., 36, 1575; 1976; Jones et al., Int. 
J. Cancer, 16, 616; 1975). 

These observations raise several 
questions not least of which is the 
suitability of the commonly used 
‘fibroblast’ cells and their viral trans- 
formants as suitable models for real 
cancer, but also the use of the nude 
mouse as a means of detecting tumori- 
genicity. 

There have been mutterings about 
established cell lines such as 3T3 for 
some time, especially because of their 
heteroploid karyotype. It is now clear, 
however, that the BALB/c3T3 cell 
line is frankly tumorigenic when at- 
tached to glass beads and innoculated 
into suitable hosts (Boone, Science, 188, 
68; 1975). Moreover, the tumours. 
formed are ‘vasoformative sarcomas’ 
(Boone et al., Cancer Res., 36, 1626; 
1976) so it seems that these cells are not 
fibroblasts but arise from endothelial 
tissue. In fact, a great many cell lines 
established from a wide variety of tis- 
sues appear to be derived from the 
endothelial cells and pericytes of small 
blood vessels (Franks and Wilson, 
Eur. J. Cancer, 6, 517; 1970), so many 
of the different established cell lines 
may represent a very restricted sample 
of the variety of cell ¢ypes in the body. 

Studies of the incidence with age of 
a great many naturally occurring 
cancers in man lend support to the 
hypothesis that cancer cells arise after 
a small number of heritable changes 
have occurred in a normal cell. Pre- 
sumably the altered cell becomes a suc- 
cessful cancer if these changes result 
in it being better able to proliferate 
than the cell type it comes from. There 
is no reason to suppose that the 
changes which confer a selective ad- 
vantage on one cell type in one environ- 
ment will confer selective advantage on 
another, nor even that selective advan- 
tage within a given tissue need arise 
through a unique series of steps; other 
pathways could be equally effective. 
As a consequence tumour cells from 
widely different tissues might be ex- 
pected to have widely different pro- 
perties when studied in vitro. After all 
what is good for the endothelial cell 
may not be so good for the bladder. 

Such generalisations that have been 
drawn about the nature of neoplastic 
change from the use of cultured cells 
may simply reflect the small number 
of cell types examined and the even 
smaller number of oncogenic agents. 


Nature Vol. 262 July 29 1976 


349 

















Mars from Viking 1 


a 


THE top two pictures provide the first panorama of the 
Martian landscape as seen from Viking 1, taken in the 
late Martian afternoon. A plateau can be seen on the 
horizon to the left of the top picture, approximately 
3 kilometres (1.8 miles) away. The out-of-focus space- 
craft component left of centre is the housing for the 
sample arm (which is now in full working order after 
becoming jammed when first tested). The centre photo- 
graph is the continuation to the right of the 300° 
panorama. At left is the low-gain antenna which 
receives commands from Earth. In the right foreground 











 —_ __ at 


Photo: NASA 


are colour charts for lander camera calibration, a mirror 
for the Viking magnetic properties experiment and part 
of a grid on the top of the lander body. At upper right 
is the high-gain dish antenna for direct communication 
between the landed spacecraft and Earth. Toward the 
right edge is an array of smooth fine-grained material 
which shows some hint of ripple structure and may be 
the beginning of a large dune field off to the right of 
the picture. 

The bottom picture, the first ever of the surface of 
Mars, was taken minutes after the spacecraft landed. 








350 


Do exploding stars 
leave tracks in 
the dust? 


from M. G. Edmunds 


Have grains of dust, formed in the 
explosion of stars, managed to survive 
incorporation into Solar System 
meteorites? A most interesting observa- 
tion, although unfortunately open to 
rather ambiguous theoretical interpre- 
tation, has recently been reported by 
J. Audouze and co-workers (Astrophys. 
J. Lett. 206, L185; 1976). 

They examined micron-sized grains 
extracted from a separated part of the 
Orgueil meteorite. The material from 
which these grains came shows an un- 
usual chemical composition in that the 
abundance of “Ne, compared with 
other neon isotopes, is much higher 
than in most meteoritic material, The 
unusual isotope ratios are not con- 
sistent with either trapping of neon 
from the solar wind, or with creation 
of neon by nuclear reactions involving 
the impact of high-energy cosmic ray 
particles. The origin of the excess Ne 
remains disputed. 

Audouze ef al. use a technique of 
chemically etching the radiation 
damage tracks left by the passage of 
energetic heavy ions through the 
grains. The etched tracks can be 
examined with a high voltage electron 
microscope. They found tracks in those 
grains which appeared amorphous and 
rounded, and the density of tracks 
implies that these grains have been 
strongly irradiated at some time. 
Andouze er al. take the view that the 
irradiating particles were probably 
heavy ions with masses comparable to 
iron nuclei. An experimental exposure 
to a beam of iron nuclei caused crystal- 
line grains (which did not initially have 
tracks) to show tracks similar to those 
found in the amorphous grains. By 
assuming the currently observed ratio 
of heavy ions to protons in cosmic rays 
and particles from solar flares, a net 
proton irradiation can be estimated for 
the amorphous grains. 

One interpretation of the “Ne 
anomaly is offered by production from 
spallation nuclear reaction of the ir- 
radiating protons on *Mg, but this 
requires that the energy spectrum of 
the protons has a rather peculiar 
“pulse” shape to avoid overproduction 
of the other neon isotopes. A high flux 
of particles might have occurred during 
the early history of the Solar System, 
but the observed irradiation would 
imply a very much higher flux of 
particles from the Sun at early times 
compared with that observed today. 

A second interpretation is perhaps 
more interesting. It may be possible for 


grains to condense in the expanding 
envelope of gas generated by the 
supernova or nova explosion of a Star. 
In a series of papers (the most 
recent being Clayton and Hoyle, 
Astrophys. J., 203, 490; 1976) it has 
been suggested that radioactive atoms 
from the explosive nucleosynthesis 
occurring in novae or supernovae could 
become trapped in the grains as they 
condense. If these grains could sub- 
sequently survive the physical condi- 
tions during the formation of the Solar 
System and be incorporated into 
meteorites, then the products of radio- 
decay of the nuclei trapped in the 
grains could show up as isotopic 
anomalies. The excess “Ne for example 
might come from the decay of “Na 
produced in explosive nucleosynthesis, 
and either absorbed by grains as “Ne, 
or incorporated as *Na which later 
decays. The evidence of high irradia- 
tion of the meteoritic grains could just 
imply that some do indeed come from 
the violent environment of novae and 
supernovae where high particle fluxes 
are expected. The particle flux could 
also provide some additional “Ne by 
spallation reactions. 

It has usually been assumed that the 
meteoritic isotope ratios reflect condi- 
tions in the early Solar System. There 
exists a real difficulty in accepting that 
grains from novae or supernovae sur- 
vive into meteorites. Such grains would 
bring other isotopic anomalies with 
them which would upset the elegant 
inferences about the timescales in- 
volved in the formation of the Solar 
System drawn from isotope ratios (so- 
called “nucleocosmochronology”). But 
there are plenty of isotopic anomalies, 
and a surprising lack of them for cer- 
tain elements, to keep discussion alive 
before a revision of timescales is ac- 
cepted. Audouze er al.'s paper at least 
indicates that violent irradiation of 
grains existing when the meteorites 
formed did occur somewhere, and has 
to be explained. o 


HLA and disease 


from G. Nicholas Rogentine Jr 


The First International Sympo- 
sium on HLA and disease was held 
in Paris on June 23—25. It was 
Dausset and A. 


organised by J. 
Svejgaard. The proceedings will be 
published as a book. 








Basıc and clinical scientists gathered 
in Paris to try to understand the mean- 
ing of the association of HLA antigens 
with disease. While the meeting did 
not fully achieve this goal, it did estab- 
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lish clearly that many highly significant 
HLA antigen frequency perturbations 
exist in a remarkable variety of human 
diseases. 

HLA antigens are products of genes 
at four closely linked loci on the sixth 
chromosome. HLA-A, HLA-B and 
HLA-C antigens are identified sero- 
logically on lymphocytes. These anti- 


gens are found on most cell 
membranes. Products of the fourth 
locus, HLA-D, are defined by the 


mixed leukocyte culture reaction; these 
products or closely related ones also 
seem to be B-lymphocyte alloantigens. 

Most of the exciting new data was 
presented in the workshops, organised 
according to disease classification. Well 
established associations were confirmed 
and many new correlations were re- 
ported. The clearest, all highly 
significant and involving increases 
(suggesting a susceptibility to disease) 
in antigen frequency, were the follow- 
ing: HLA-B27, ankylosing spondylitis, 
Reiter's syndrome and acute anterior 
uveitis; HLA-Dw4, rheumatoid arthri- 
tis; HLA-Dw2 and HLA-B7, multiple 
sclerosis; HLA-Dw3 and/or HLA-B8, 
gluten-sensitive enteropathy, dermatitis 
herpetiformis, myasthenia gravis (in 
young females without  thyomas), 
juvenile diabetes, Graves’ disease, 
chronic active hepatitis and Sjégren’s 
syndrome; HLA-BS5, Behcet's disease; 
HLA-A3, idiopathic haemochromato- 


sis; HLA-A2, childhood acute 
lymphocytic leukaemia; HLA-A2 and 
SIN2, nasophanyngeal carcinoma in 


Chinese; HLA-Al, Hodgkin's disease: 
HLA-Bw40, oesophageal carcinoma in 
Northern Iranians. In Orientals, who 
as a race do not have HLA-B8, mya- 
sthenia gravis and Graves’ disease were 
associated with HLA-B1I2 and HLA- 
Bw35, respectively. Nearly all patients 
with gluten-sensitive enteropathy and 
dermatitis herpetiformis are also posi- 
tive for a B-lymphocyte alloantigen not 
linked to HLA. 

A strong theme unrelated to disease 
susceptibility emerged from the work- 
shop on malignant diseases: the posses- 
sion of certain HLA antigens may be 
associated with long term survival. This 
has been seen in acute lymphocytic and 
acute myelocytic leukaemia, Hodgkin's 
disease, and bronchogenic carcinoma. 
These observations need confirmation 
by large scale prospective studies. 

What do these associations mean 
pathophysiologically? As suggested by 
H. McDevitt (Palo Alto), many corre- 
lations could be explained by invoking 
a pathogenically active immune 
response gene in linkage disequilibrium 
with the disease-associated HLA gene, 
the latter being merely a marker. 
Linkage disequilibrium is known to 
occur all along the HLA region and, 
by analogy with mice, immune response 
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genes probably reside in this area, too. 
But proof of a human immune 
response gene does not exist yet. R. 
Zinkernagel (La Jolla) and G. Shearer 
(Bethesda) suggested that HLA anti- 
gens are directly involved in the disease 
process by analogy with their findings 
with mice—the “‘altered self” hypothe- 
sis, in which histocompatibility antigens 
are modified by viruses or other sub- 
stances rendering them susceptible to 
attack by autologous: T lymphocytes. 
A. Sveygaard (Copenhagen) speculated 
that HLA antigens might competitively 
inhibit binding of various non-immune 
ligands, hormones, for example, and in 
this way provoke disease. F. Lilly’s 
(New York) work with murine Friend 
virus leukaemogenesis suggests that 
some D-region H-2 antigens are 
receptors for leukaemia virus and thus 
participate directly in disease suscepti- 
bility. The mouse D region seems to be 
analogous with the human’ HLA-A 
locus. This locus is implicated in leu- 
kaemia, Hodgkin’s disease and naso- 
pharyngeal carcinoma. 

Although no definite pathophysio- 
logical links between HLA and disease 
have been found, 
disorders—gluten-sensitive enteropathy 
and chronic active hepatitis—they may 
be discovered soon. Both these diseases 
have known causal agents and dis- 
ordered immunity. Both are HLA- 
Dw3 or HLA-B8-associated. 

J. Dausset (Paris) emphasised several 
areas where these associations might 
be clinically useful. One interesting 
area is preventative medicine and early 
diagnosis Any HILA~disease associa- 
tion necessarily implies a greater risk 
of developing the disease in a person 
who has that particular antigen. The 
relative risk for developing ankylosing 
spondylitis in HLA-B27 positive 
Caucasian males is about 90 times that 
of HLA-B27 negative males. Although 
most HLA-B27 positives do not develop 
this disease, nevertheless, they are more 
likely to do so than the B27 negatives. 
Knowing these risk factors can help 
focus awareness on the kinds of diseases 
most likely to affect each individual 
during his lifetime. It is not too far- 
fetched to expect that establishing 
HLA types will become an integral 
part of preventative medicine and 
health maintenance in the future. O 


r, K and evolution 


from Peter D. Moore 


THERE is a taxonomic imperative in 
man which makes him delight in 
pigeon holes and simple labels. One of 
its most recent products in the 
ecological field has been the concept 
of r and K selection, whereby organ- 
isms can be classified along a con- 


in at least two. 


SS 


A hundred years ago 

Lieut. CHRISTIE, R. E., writing to us 
from Madras with regard to the use of 
selenium in telegraphy, says that if we 
could do away with the man (or 
woman) signaller, and substitute a 
commutator actuated by a current of 
electricity generated by the action of 
light upon a piece of selenium, we 
should (supposing the sensitiveness : of 
the selenium to be adequate) have a 
combination capable of enormously 
increased rapidity. The message to be 
transmitted would be first set up (by 
mechanical means) in the Morse 
character, in Jong and short slits in an 
opaque screen; and this perforated 
screen being passed rapidly between the 
selenium and a source of light, the 
currents of electricity would be gene- 
rated which are required for actuating 
the commutator. The possibility of 
such a combination depends on the 
sensitiveness of selenium to the in- 
fluence of light. Assuming the com- 
bination to be possible, the rapidity of 
signalling would seem to be limited 
only by either the mechanical condi- 
tions of the commutator (or relay), or 
the power of the printing instrument 
at the receiving station. 


Tue Vienna earthquake, to which we 
referred last week, occurred on July 17 
at 1.22 p.m. The principal seat of the 


commotion was Scheibbs, a small 
country place forty miles west of 
Vienna; almost every house in Scheibbs 
has been damaged. The area of the 
commotion was very large, equal to 
about two-thirds of England. It reached 
Austria proper, Moravia, part of 
Bohemia, and Hungary. The last earth- 
quake in Vienna was on January 3, 
1873. Fifteen instances of earthquake 
' have been recorded in Vienna from the 
beginning of the thirteenth to the end 
of the eighteenth century. None of 
them produced any real damage, except 
those of September, 1590, and Decem- 
ber 4, 1689. 
from Nature, 14, July 27, 279; 1876. « 





tinuum according to the proportion of 
their energy expended on reproduction. 
A high proportion results in a high 
initial rate of population increase (r in 
the logistic equation describing popula- 
tion growth). In unstable, unpredictable 
habitats, selective pressures operate in 
favour of this* type of organism, 
whereas such taxa are at no advantage 
in stable environments. 

Within many groups of organisms it 
is possible to recognise species which 
tend towards one end or other of the 
r-K continuum. For example, South- 
ward et al. (Am. Nat., 108, 791; 1974) 
have considered its application to birds 
and Lepidoptera, and come to the con- 
clusion that r-selected organisms are 
more likely sources of evolution and 
speciation than are K-selected or- 
ganisms. Some rapidly evolving plant 


351 


taxa: even seem to have an r—K spec- 
trum exhibited within a species or 
microspecies cluster, for example, in 
dandelions (Solbrig and Simpson, J. 
Ecol., 62, 473; 1974) and in sunflowers 
(Gaines. et al., Am. Nat., 108, 889; 
1974). 

Two further examples of this evolu- 
tionary process have now come to light, 
the kidney vetch (Anthyllis vulneraria) 
in Europe and the bigberry manzanita 
(Arctostaphylos glauca) in North 
America. Sterk (Acta. bot. neerl., 24, 
315; 1975) has examined the population 
dynamics of coastal and inland popula- 
tions of Anthyllis in the Netherlands. 
In the open, unstable, coastal sites the 
population density fluctuated from year 
to year. Mortality seemed to be related 
to stresses in the abiotic environment, 
such as drought, whereas mortality in 
the inland, stable sites was the outcome 
of competitive interplay. In the inland 
sites, fewer flowers were produced per 
plant than at the coast and flowering 
began when the plants were older. The 
data seem to conform with the idea of 
a relative r and Ķ selection being 
operative respectively at the coast and 
inland sites. 

Vasek and Clovis (Am. J. Bot., 63, 
189; 1976) describe two ecotypes of 
Arctostaphylos glauca, one an upright 
shrub of the chaparral, and the other 
a low, spreading plant of desert pinyon 
woodland. Apart from these morpho- 
logical differences, the two ecotypes 
differ in their flowering behaviour. The 
chaparral ecotype produces almost 
double the number of flowers, is more 
seasonally constrained in its flowering, 
and the total amount of fruit produced 
is about five times that of the desert 
ecotype. The morphological adapta- 
tions of these plants can be related to 
climatic conditions; fruiting potential 
may be a consequence of disturbance 
cf the chaparral by frequent fires. In 
the more stable desert community, 
vegetative reproduction (by layering) 
becomes possible and seed production 
is therefore of lesser importance. Once 
again it can be argued that these 
ecotypes represent a genetic divergence 
in response to r and K selection in 
these habitats, but in this case the con- 
tribution of vegetative spread to the 
reproductive capacity of the “K- 
selected” ecotype complicates the issue. 
Seed production is easily measured so 
it is tempting to use this as an index 
of a plant’s capacity to expand its 
population rapidly (high ‘7’). But in 
many plant species this represents 
only a-portion of the total energy 
resource devoted to reproduction. 

If the selective pressures of stable 
environments always favour a reduc- 
tion in seed output, how does one 
explain the figures of Salisbury (Proc. 
R. Soc., Lond., B188, 183; 1975, and 
192, 323; 1976) concerning seed pro- 
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duction in plants? Within a single 
habitat, such as calcareous grassland, 
there is a considerable: range of seed 
production per plant, for example, 
Thesium humifusum, produces 100 
per plant, Polygala calcarea, 270; Car- 
lina vulgaris, 680, Anacamptis pyrami- 
dalis, 35,000; Senecio jacobaea, 50,000; 
Orchis maculata, 56,000 - and Oro- 
banche elatior, 98,000 As Salisbury 
points out, these figures relate most 
closely to the relative risks experienced 
with different mechanisms of seed dis- 
persal, wind being more risky (and 
therefore more wasteful) than animal 
dispersal. 

Salisbury (1976) quotes Juncus 
effusus and J. tenuis as an example of 
contrasting seed production resulting 
from the use of different dispersal 
mechanisms J effusus produces be- 
tween 1 5 and 3 million seeds per plant 
(wind dispersed) whereas J. tenuis pro- 
duces 3,000-4,000 (adhesion to animals 
and vehicles). Thus two species of the 
same genus, both occupying unstable 
habitats, in ‘the successional sense, 
differ in their seed production by three 
orders of magnitude. 

Evidently there are several evolu- 
tionary answers to any environmental 
problem. In a given set of conditions, 
the output of seed from a taxon is 
influenced ‘by such factors as the rela- 
tive importance of vegetative reproduc- 
tion and the seed dispersal mechanism 
used, as ‘well as any response to the 
stabiltiy (r-K) gradient The simplest 
answers may be the most attractive, 
but they are not necessarily the most 
complete ones. o 


Chemistry does not 
define environment 


from Peter J. Smith 

In the past, many workers have placed 
great reliance on chemical character- 
istics as indicators of the geological, 
and especially crustal, environments in 
which Archean basalts were emplaced. 
Some, for example, have seen the lack 
of crustal contamination observed in 
low-potassium tholeiites in greenstone 
belts as an important argument against 
the presence of sialic crust beneath the 
successions, Others have regarded the 
calc-alkaline affinities of certain green- 
stone basalts as evidence of an original 
island arc environment. According to 
Gill and Bridgwater (Earth planet. Sci. 
Lett., 29, 276, 1976), however, the use 
of chemical comparisons between 
modern basalts and Archean basic rocks 
to identify ancient environments must 
now be regarded as a questionable pro- 
cedure. 

Gill and Bridgwater base their case 
on a study of the Ameralik dykes of 
West Greenland. This heterogeneous 
group of metamorphosed minor basic 
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from John Krebs 


THE question of how different types 
of aggression in animals are related 
to one another has been a source of 
continual controversy. Aggressive 
behaviour in natural conditions is 
usually seen in competitive social 
encounters between members of the 
same species, for example in ter- 
ritorial defence and dominance dis- 
putes On the other hand many 
‘experimental laboratory studies have 
been concerned with attacks 
directed at inanimate objécts or at 
members of another species (for 
example a rat attacking a mouse). 
There have been few attempts to 
examine whether or not aggression 
in these different contexts depends 
on a common internal mechanism. 
In a recent study F. A. Hunting- 


1976) has examined this question. 
Using that traditional ethological 
beast, the three-spined stickleback, 
she carried out a series of experi- 
ments to test whether individual 
males which were highly aggressive 
in one context. would also score 
high in other situations. It has long 
been known that a male stickleback 
will vigorously attack a ‘rival’ male 
which is presented to him near his 
nest in a glass tube. Huntingford 
used this technique to compare the 
aggressive response, measured by 
biting and lunging, to a rival male, 
a male of the closely related but 





intrusions, emplaced in 3,700-3,600 
Myr old gneisses forming part of the 
western edge of the North Atlantic 
ciaton, has been affected variably by 
subsequent magmatic and 
events which enable a lower limit of 
3,040 Myr to be placed on the dykes’ 
ages. The total area of older sialic crust 
cut by the dykes exceeds 12,000 km’, 
although there is no a priori reason for 
supposing all the dykes to have been 
emplaced in a single episode nor any 
for supposing all the dykes to have been 
derived from the same parent magma. 


And the chemistry of the dykes sug- 


gests that any such suppositions would 
indeed be wrong Although all the 
dykes studied were basaltic, their com- 
positions ranged from that of primitive 
basalts reminiscent of modern oceanic 
basalts to more differentiated types 
akin to iron-rich tholeiites of modern 
continental flood basalt. provinces. 
Some of this variation is undoubtedly 
due to subsequent metasomatism; but 
Gill and Bridgwater conclude from 
Rare Earth Element patterns, Ni, Sr, 
Ti and Zr contents and other chemical 


ford (Anim. Behav:, 24, 245-260;. 


tectonic 


Aggression in sticklebacks 


quite distinct ten-spined stickleback, 
and a female smooth newt (a com- 
mon. inhabitant of the streams 
favoured by sticklebacks). Briefly, 
she found that the aggression scores 
for individual males to all three 
stimuli were well correlated. In two 
further experiments, Huntingford 
measured the reaction of the same 
group of males to a predator (a 
pike) and to being placed in an . 
unfamiliar tank She analysed these 
results by Principle Components 
Analysis and was able to identify a 
group of behaviours which could be 
classified as indicating ‘boldness’; 
these included approaching the pike 
and showing ‚normal swimming 
movements. Individuals which had 
scored high on the aggression tests 
also tended to be bold in the face 
of a predator and in an unfamiliar 
tank, and this was not simply a 
result of higher overall activity. 

These results suggest that terri- 
torial aggression and aggression 
against predators may depend in 
part on common internal factors. 
Huntingford points out that this 
makes evolutionary sense, because 
stickleback populations exposed to 
heavy predation should not only 
tend to become timid in the pre- 
sence of a predator, but also make 
themselves inconspicuous by not 
engaging in vigorous territorial 
displays. : 


indicators that much of it reflects a 
range of primary compositions. 

If this is so, the dilemma is clear. 
The ridge-like Ameralik basalts, for 
example, were evidently not intruded 
into early ocean floor, although had 
they not equally evidently been intruded 
into granite gneiss their chemistry 
could have been taken incorrectly to 
indicate an oceanic origin. Moreover, 
these same ridge-like basalts are com- 
parable in composition to greenstone 
successions in South Africa and Aus- 
tralia and some greenstone belts in the 
Canadian Shield. It is most reasonable, 
claim Gill and Bridgwater, to assume 
that the primary compositional varia- 
tions represent differences in the depth 
of melting in the mantle and/or the 
speed at which the magmas rose to the 
surface. In other words, the variations 
reflect changes in the melting régime 
and/or degree of differentiation rather 
than differences in crustal environment 
(oceanic, continental, island arc). Ergo, 
inferences about crustal: environment 
drawn from chemistry alone must be 
suspect. OD 
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Analysis of erythropoeisis at the molecular level 


P. R. Harrison* 





Recent work has clarified how different erythroid functions may be regulated during normal 
erythropoiesis, and have helped to define the role of the hormone erythropoietin. Studies with cell 
lines (Friend cells) capable of undergoing erythroid differentiation in culture have made possible a 
comparison of normal and leukaemic, erythropoiesis, by the combined approaches of cell biology, 


molecular biology and somatic cell genetics. 





Normal erythroid systems 

ERYTHROPOIESIS has been recognised for many years as a 
useful model system for investigating how functions 
characteristic of a specialised differentiated cell are 
regulated in a coordinate manner within a single cell lineage. 
Tt is well established that erythroid cells as well as other 
blood cell types ‘(almost certainly also including the 
lymphocyte population) are derived from a common 
haematopoietic stem cell (CFU-S, Fig. 1), and that commit- 
ment of CFU-S cells to a particular haematopoietic 
lineage is influenced by the microenvironment of particular 
haematopoietic organs. An elegant demonstration of the 
importance of such microenvironmental factors in commit- 
ment is in the classical experiments by Trentin and co- 
workers’ which show that the type of haematopoietic cells 
formed (granulocytic or erythroid) changes dramatically in 
colonies growing*across the junction of a plug of marrow 
grafted into spleen tissue The existence of the Steel (S) 
mutant in mice also demonstrates how a specific genetic 
locus can govern microenvironmental function in haemato- 
poietic stem cell proliferation and differentiation, particu- 
larly affecting the erythroid lineage?’*. 

After commitment to the erythroid lineage, erythroid 
stem cells seem to proliferate for a few generations before 
becoming sensitive to the hormone erythropoietin’. An age 
structure therefore exists within the committed erythroid 
stem cell population; this is further demonstrated by recent 
techniques in which erythroid precursor cells are cloned 
in vitro’’ In the presence of erythropoietin, two types of 
colony are produced: the first appears within 2d of culture 
and consists of small differentiated erythroid colonies (about 
60 cells) which are presumed to arise from late committed 
erythroid stem cells (CFU-E, Fig. 1) of limited proliferative 
potential’’®. The second type of colony appears later (after 
about 10d of culture) but comprises very large numbers 
(about 10°) of differentiated erythroid cells”*. These colonies 
are thought to arise by extensive proliferation of stem cells 
isolated ‘soon after commitment to the erythroid line 
(BFU-E, Fig. 1). 

Various groups of workers have attempted to analyse the 
regulatory mechanisms governing how committed erythroid 
stem cells differentiate to mature red blood cells, using 
various normal erythropoietic systems, for example, foetal 
liver during the hepatic phase of erythropoiesis. Recent 
work now seems to have established beyond reasonable 





*Address: The Beatson Institute for Cancer Research, 132 Hill 
Street, Glasgow G3 6UD, UK. 





doubt that foetal erythropoiesis is initiated by haemato- 
poietic’ stem cells migrating from the yolk sac’, rather than 
by stem cells originating in situ by inductive effects within 
the foetal liver itself? CFU-S stem cells reach maximum 
numbers in foetal liver from day 14 of gestation", whereas 
stem cells committed to the erythroid line reach a peak at 
the days 15-16 of gestation (that is at the time of maximum 
production of red blood cells), after which they decline 
rapidly’. 

For many years, several groups have sought to analyse the 
process of erythroid differentiation in molecular terms, 
using in vitro cultures of erythroid cells. It is now generally 
accepted that erythrcpoietin acts primarily by increasing the 
proliferation of committed erythroid stem cells and pro- 
erythroblasts which then differentiate into mature erythroid 
cells containing haemoglobin’?“. More recent work by 
groups at the Beatson Institute and Columbia University 
(Marks, Rifkind and coworkers) has been concerned with 
identifying the stage at which the globin genes become active 
during erythroid development and whether erythropoietin 
has any effect on the timing of these events. At the Beatson 
Institute we have tried to elucidate this question by deter- 
mining the earliest erythroid precursor cell in which globin 
messenger RNA accumulates, using a novel autoradio- 
graphic procedure’ for detecting cytoplasmic globin 
messenger RNA in fixed preparations of cells by in situ 
hybridisation with globin cDNA (that is, a highly radio- 
active transcript of globin messenger RNA prepared using 
reverse transcriptase). These studies show that globin 
messenger RNAs accumulate at the basophilic erythroblast 
stage (Fig. 1), but are not present in significant amounts in 
proerythroblasts from early foetal livers’®. This conclusion 
is also consistent with conventional hybridisation studies’® 
with immature erythroid cells obtained from total foetal 
liver cells by removing mature cells by immune lysis using 
an antiserum raised against erythrocytes'’’’*. Subsequent 
studies by the Beatson group have shown that elevated 
levels of erythropoietin enhance the accumulation of globin 
messenger RNAs in proerythroblasts, both in developing 
foetal livers in vivo or in culture in vitro, and in spleens of 
anaemic adult mice’. As suggested by Clissold”, this result 
may explain her finding that immature erythroblasts isolated 
from severely anaemic rabbits, but not normal rabbits, are 
able to differentiate in culture without erythropoietin. This 
effect of elevated erythropoietin levels can have the result 
that globin messenger RNA and subsequently haemoglobin 
accumulate earlier than normal relative to other morpho- 
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Fig. 1 Outline of formation of erythroid cells. Hb*-Hb** cells containing increasing amounts of haemoglobin. The cell types in the dotted 
box represent the recognisable erythroid series. 


logical criteria, so that an atypical series of macroerythro- 
blasts may be formed” * similar to that found i in certain 
megaloblastic anaemias” 


Independently, the Columbia group has arrived at basic- i 


ally similar conclusions. Immature erythroid precursor cells 
(80-90% proerythroblasts”) from foetal liver cells isolated 
by the immune-lysis procedure, contain negligible globin 
messenger RNAs as assayed either by translation in the 
Krebs ascites system” or by hybridisation with. globin 
cDNA”, After culture of such cells for 10 or 22 h, however, 
the cellular level of globin messenger RNAs increases 5 or 
100 times™ during which time most of the cells differentiate 
to the basophilic erythroblast stage” and begin to synthesise 
globin chains”, although haemoglobin is not detectable 
cytochemically until 44h of culture’. These studies, there- 
fore, also support the hypothesis that globin messenger 
RNA accumulation is enhanced between the proerythro- 
blast and basophilic erythroblast stages of development; and 
further show that there is no pool of untranslatable globin 
messenger RNA in immature erythroid cells. However, the 
Columbia group find that treatment of cultures with 
erythropoietin does not increase the average cellular content 
of globin messenger RNA; although the number of globin 
messenger RNA-containing cells is greatly increased™*. The 
explanation for this discrepancy may be in the doses of 
erythropoietin, or the degree of anaemia, involved in the 
two series of experiments. 


The Friend cell system 


Studies with normal erythropoietic systems are limited by 
the difficulties of obtaining large numbers of erythroid cells 
at specific stages of development, the short term nature of 
the in vitro culture systems, and the impossibility of per- 
forming genetic studies. The discovery by Dr Charlotte 
Friend of tissue culture cell lines which are capable of 
undergoing erythroid differentiation has therefore opened 
up new possibilities. 

Friend cells were obtained by culturing fragments of 
spleens from mice infected with the Friend virus complex”. 
The nature and host control of Friend virus infection have 
already been reviewed in considerable detail’*?” and will 
not be further considered here in spite of their importance 
and relevance. In interpreting any studies with Friend cells, 
it is, however, important to be clear about their relationship 
to normal erythroid precursor cells. Although this is still 
to some extent a subject of controversy”, it seems most 
probable that the target cell for Friend virus is a late 
committed erythroid stem cell (CFU-E, Fig. 1). Two recent 
and compelling lines of evidence favour this hypothesis. 
First, the elimination of multipotential, but not erythroid 
committed stem cells, does not eliminate Friend virus- 
induced’ proliferation of erythroid cells in the spleens of 
polycythaemic mice; whereas no response to Friend virus is 
observed in mice in which the committed erythroid cell 
compartment has been depressed? Second, inoculation ‘of 


lethally irradiated mice with normal spleen cells gives rise 
to erythroid, granulocytic and megakaryocytic colonies in 
the spleen; however, infection of such mice with Friend 
virus four days after grafting yields in addition hyper- 
basophilic (Friend cell) colonies solely within the differen- 
tiated erythroid colonies®, although all types of 
haematopoietic colonies in the spleen are known to contain 
multi-potential stem cells'. Thus, although the number of 
non-erythroid cell types may also be affected”, Friend virus 
seems to have specific effects on committed erythroid cells, 
rendering them capable of proliferation and differentiation 
independently of the hormone erythropoietin’. Friend 
cell lines established in culture seem to be transformed 
erythroid precursor cells selected by the culture conditions 
(or otherwise) which are arrested at the proerythroblast 
stage of development”, and are not responsive to erythro- 
poietin™™”. In this respect, Friend cells are therefore quite 
different from normal erythroid precursor cells. In fact, 
there is one report that Friend cells grown in vivo or in 
plasma clots in vitro do show manifestations of granulocytic 
differentiation™, but this remains to be substantiated. 

On treatment with dimethylsulphoxide (DMSO)” or a 
range of other chemical agents“, Friend cells undergo a 
series of changes many of which are characteristics of 
normal erythroid cell differentiation, for example: 
chromatin condensation and other morphological changes 
resulting in a non-dividing cell”; accumulation of globin 
messenger RNAs“~“* and strain-specific globins*"*, increase 
in 5-aminolaevulinic acid synthetase activity and haem 
synthesis”; erythrocyte-specific membrane changes’ and 
an increase in the major erythrocyte-specific membrane 
protein (H. Eisen, personal communication); and an increase 
in carbonic anhydrase activity”. Changes in histone F2A2 
subfractions also occur™. Thus, although Friend cells are 
abnormal in their dependence of the hormone erythro- 
poietin, in certain conditions they do exhibit many 
characteristics of normal erythropoiesis. 

Recently, Orkin et al.* have shown that during treatment 
of Friend cells with DMSO the ratio of a to 8 globin 
mRNAs decreases from about 3.5 to about 1.0, the value 
characteristic of the normal erythrocyte. Our own hybridis- 
ation studies performed with purified normal erythroid 
precursor cells'*, and also those of the Columbia University 
group”, suggest, but do not prove definitively, that this 
differential timing of expression of the a and 8 globin 
genes is not a characteristic of normal erythroid cell 
development. 

The mechanism whereby the various inducers of erythroid 
differentiation operate is not clear. Sieber has made the 
interesting observation that DMSO enhances the sensitivity 
of normal CFU-Es, but not BFU-Es, to non-saturating 
doses of erythropoietin. This result may be related to the 
finding that Friend cells seem to be marginally sensitive to 
erythropoietin after DMSO treatment”. Certainly, mem- 
brane function seems to be involved since local anaesthetics 
prevent the action of all inducers of erythroid differentiation 
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so far tested without affecting proliferation of Friend cells*® 
per se. : ` 

Several circumstantial lines of evidence suggest that 
induction of differentiation in Friend cells requires some 
cell-cycle dependent process. McClintock and Papaconstan- 
tinou” have observed a correlation between the cell doubling 
time and the time of onset of haemoglobin synthesis. But 
Levy and his coworkers made the surprising observation 
that treatment of Friend cells for 24-30 h is required before 
the intracellular space is equilibrated with respect to 
DMSO in the culture, medium. Nevertheless, their results 
with synchronised Friend cells also suggest that the cells 
do require at least one period of DNA synthesis in the 
presence of DMSO for haemoglobin to be induced. In 
contrast, using a Friend cell line of independent origin 
(T3C12), Leder and Leder” have reported that the inhibition 
of DNA synthesis with hydroxyurea does not prevent the 
induction of haemoglobin by butyric acid. 

We (P. R. H, D Conkie, A Wood, G. Yeoh and 
J. Paul, unpublished) have attempted to examine this 
problem at the single cell level, by cloning various Friend 
cell lines in methocel. In these conditions, most of the cells 
in clones grown in the presence of various inducers 
(DMSO, N-methylopyrrolidone, N-methylacetamide or 
butyric acid) produce haemoglobin within 3-4d. Clones 
arrested at the single-cell stage by the action of hydroxyurea 
or cytosine arabinoside, or by omission of isoleucine from 
the culture medium, however, fail to produce haemoglobin; 
whereas many of the doublet colonies (or binucleate single 
cells) in the same cultures do produce haemoglobin. More- 
over, single cells arrested for 3d in inducer in the absence 
of isoleucine do proliferate and produce haemoglobin 4d 
after addition of isoleucine. Thus, it seems quite clear that 
induction of haemoglobin synthesis in our Friend cell lines 
(which were obtained from Dr C. Friend as were those of 
McClintock and Papaconstantinou and Levy ef al.) are 
dependent on some process within the cell cycle, but that 
this does not necessarily involve asymmetric division since 
in many of the doublet colonies both daughter cells contain 
haemoglobin. Our studies with the T3C12 cell line seem to 
Suggest, in agreement with the findings of Leder and 
Leder®, that a Considerable proportion of butyric acid- 
treated cells arrested with hydroxyurea can produce 
haemoglobin. Interestingly, in ovr experiments many of 
these haemoglobin-containing single cells are in fact 
binucleate. Thus the discrepancies between the various 
groups of workers may be more apparent than real, if some 
process before, or associated with, nuclear division is 
required for differentiation. Alternatively, butyric acid may 
act differently from the other inducers; it is also possible 
that the T3C12 cell line may have been transformed by 
Friend virus at a later stage of development. Resolution of 
this question is clearly of importance in elucidating whether, 
and at what stage, a critical cell division is involved in 
erythroid cell differentiation. 

Friend cell lines are also a useful system in which to 
attempt more sophisticated molecular and genetic studies 
of erythroid differentiation. In our own laboratory, a three- 
Stage strategy has been adopted. The first is to obtain stable 
non-inducible variants, second, these variants are then 
screened to find out at what molecular level erythroid dif- 
ferentiation is affected; and third, variants are subjected to 
genetic analysis by cell fusion. By exploiting the fact that 
the inducible cells differentiate to a non-dividing stage in 
the presence of DMSO, we can isolate non-inducible 
variants by continuous growth or cloning in DMSO” Most 
of our DMSO-resistant lines are also non-inducible by other 


inducers, although one DMSO-resistant line does respond, 


to N-methylpyrrolidone. One DMSO-resistant variant 
(FtI”-) fails to accumulate globin-specifying sequences in 
the nucleus, either because of a defect in transcription of 
the globin genes or instability of the transcripts. Moreover, 
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this defect acts in a rrans-dominant manner in preventing 
haemoglobin or globin RNA accumulation in cell hybrids 
constructed between the Ft[?” variant and the normal in- 
ducible parent. A second variant, FwI®”, also fails to accu- 
mulate haemoglobin® or globin messenger RNAs®™ in 
response to DMSO or butyric acid, unless it is also treated 
with haemin™. This effect of haemin is specific for the 
FwI” variant, and cannot be replaced by a precursor to 
haem (6-aminolaevulinic acid). Moreover, this defect in 
inducibility also operates in a frans-dominant manner, 
although.loss of a few, as yet unidentified, chromosomes 
can lead to re-expression of haemoglobin synthesis®’®. 
Extinction of induction of globin messenger RNA has also 
been reported by Orkin et al. in hybrids constructed 
between ‘high and low inducible cell lines and by Deisseroth 
et al. in cell hybrids between Friend cells and fibroblasts. 
Interestingly, however, hybrids between Friend cells and 
human bone marrow or Chinese hamster erythroid cells 
could be induced to synthesise globins of both parental 
types, although in these intraspecific hybrids, extensive 
segregation of human or Chinese hamster chromosomes 
had occurred™. Thus the general picture which emerges 
from these studies is that when a Friend cell is fused to a 
non-inducible, or non-erythroid, cell, extinction of induction 
of haemoglobin production occurs. This result is similar to 
that obtained with other differentiating systems (reviewed 
in refs 66 and 67). Often it has been assumed that extinction 
of differentiation is due to a negative control system 
analogous to the kacterial repression systems acting at 
transcription. In none of these cell fusion experiments cited, 
however, has it yet been proven that extinction acts at the 
transcriptional level. For example, although in our own 
studies we have, demonstrated that extinction of haemo- 
globin synthesis in certain cell hybrids acts at the nuclear 
level, it has not yet proved possible to demonstrate that 
globin gene transcripts are not synthesised. 

That regulation of differentiation can operate: at different 
molecular levels is illustrated by our molecular analysis of 
a hybrid cell formed between the Friend cell and the 
lymphoma cell. This hybrid cell shows extinction of induc- 
tion of haemoglobin and morphological differentiation, 
although globin messenger RNA is inducible". Both func- 
tions are, however, expressed on treatment with haemin in 
addition to DMSO". The precise role of haem in this pro- 
cess requires clarification, for example, by studies of factors 
in Friend cells analogous to the haemin-controlled repressor 
in reticulocytes“. Furthermore, it is not yet known whether 
this phenomenon is a property merely of this lymphoma 
cell line, of lymphoma cells in general or of normal lym- 
phoid cells. But this interesting observation illustrates at 
the molecular level the diversity of control mechanisms 
which affect regulation or erythroid differentiation and 
shows how complex interactions may exist between inde- 
pendent erythroid functions. 


Perspectives 2 

The experiments described in this article give some indica- 
tion of the possibilities of normal erythroid cells and 
particularly the Friend cell system as a model of a dif- 
ferentiating cell, in which to attempt to dissect the regula- 
tory mechanisms by a combination of cellular, molecular 
and genetic approaches. It may, therefore, be useful to take 
a sober look at some of the limitations of the system. The 
Friend cell is a transformed cell and its relevance as a 
model for normal differentiation must, therefore, be 
evaluated critically’ as mentioned above, Friend cells seem 
to be abnormal in that their, proliferation is no longer. 
regulated ‘by erythropoietin as in the normal erythroid pre- 
cursor cell; but differentiation, once it is induced, seems to 
be relatively normal. Second, the Friend cell 1s derived from 
cells transformed after commitment to the erythroid line 
and the events induced by DMSO may, therefore, be rele- 
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vant only to the later processes of erythroid differentiation. 
The important question of the molecular nature of the 
events concerned with commitment of haematopoietic stem 
cells to the erythroid line probably cannot be answered with 
the Friend cell system. Hope that this may prove possible 
in the future stems from the work of Dexter and col- 
leagues, who have been able to maintain multi-potential 
stem cells in culture using an appropriate feeder | layer. 
Another promising approach for the future lies in differen- 
tiation of teratocarcinoma cells (reviewed in ref. 70) which 
various groups of workers have recently shown to behave 
like normal germ cells when transplanted into the environ- 
ment of the normal embryo at the blastocyst stage of deve- 
lopment”. It may prove possible to mimic commitment of 
stem cells to the erythroid line with normal haematopoietic 
stem cells or teratocarcinoma cells cultured in the appro- 
priate environment. Application to these systems of the kind 
of molecular/genetic analysis developed for the Friend cell 
system could then increase enormously our understanding 
of the relationship between commitment to the erythroid 
line and subsequent differentiation. 
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We suggest a model for the complex pulse shapes of the 
long period, pulsating X-ray sources, Vela X-1 and AO535+ 
26. We discuss the flow of accreting matter on to these slow 
rotators and contrast it with that expected in systems such 
as Her X-1 which contain a rapidly rotating neutron star. 


THE recent discovery of the pulsating X-ray source AO535-+-26 
(ref. 1) and unexpected detection of X-ray pulsations in the 
relatively well studied binary source Vela X-1 (ref. 2) have 
aroused considerable interest, in part because their pulse 
periods (104s in AO535-++-26 and 283 s in Vela X-1) and very 
complex 1-10 keV pulse shapes (refs 2, 3) are strikingly different 
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from those of the previously identified pulsating X-ray sources 
Her X-1 and Cen X-3, which are believed to be rotating neutron 
stars (see refs 4 and 5) - 

Several pieces of evidence indicate that in spite of these 
differences, Vela X-1 and AO535+26 may also be rotating 
neutron stars. Optical and X-ray observations yield a probable 
lower bound of 1.4Mo on the mass of Vela X-1 (ref. 6, and 
references therein), very close to the upper mass limit for slowly 
rotating white dwarfs. If Vela X-1 is at a distance D ~ 1.3 kpc 
(refs 6, 7), it has a typical X-ray luminosity Lx ~ 0.2-2 x 10°% 
erg s— (ref. 2). The distance to AO535+ 26 is as yet unknown, 
but its 1975 May high state intensity was comparable with 
that of the Crab Nebula’, implying Lx => 3x10% erg s~! 
if D2 1kpc. Such high luminosities are incompatible with 
current models of X-ray emission by degenerate dwarfs (see 
ref. 8). The long rotation periods of these sources may be the 
result of spin down by a combination of magnetic torques and 
interaction with surrounding plasma®, or the result of spin down 
in the pre-supernova star, leading to formation of a few 
neutron stars with spin periods as long as 10-10' s (ref. 10). 

Our purpose is, first, to suggest that the complex pulse 
shapes of Vela X-1 and AOS535+26 in the energy range 
1-10 keV can be understood if both are slowly rotating neutron 
stars in which broad, smooth emission pulse shapes, like those 
seen at 15-30 keV, are modified as the result of cyclotron 
absorption by clumps of matter entrained in magnetic field 
irregularities near the stellar surface. 

Second, we suggest that accretion flows in the magnetospheres 
of rapidly rotating neutron stars, such as Her X-1 and Cen X-3, 
are different from those in slow rotators, and that the observed 
properties of these sources reflect this difference. In slow 
rotators accreting plasma probably enters the magnetosphere 
as a consequence of the Rayleigh-Taylor instability of the 
magnetospheric boundary (ref. 11), and may plunge close to 
the surface of the star before being channelled towards polar 
emission regions by the stellar magnetic field. In fast rotators, 
on the other hand, the near cancellation of gravitational and 
centrifugal forces at the magnetospheric boundary may lead to 
accumulation of matter there, and to more effective channelling 
of plasma towards the polar caps while it is still far from the star. 

We discuss the observational implications of this model of 
accretion flows, and draw attention to ways in which the 
differences between fast and slow rotators can be explored 
observationally. 


Accretion by slow rotators 


Consider first accretion by slowly rotating neutron stars. Let 
us assume for the moment that accreting matter approaches a 
star of mass M approximately radially; at a radius r, from 
the star it is shock heated to a temperature T; ~ Tir (rs), where 


Tid) = GMm,/kar = 1.6K 10 M/Mo)(r/108 cm) K (1) 


in terms of the proton mass, mp. The radius r, at which shock 
heating occurs is determined by the radius, ra, of the Alfvén 
surface, where the Alfvén velocity va in the stellar magnetic field 
equals the plasma inflow velocity, v, and the magnetic field of 
the star first dominates the flow!?, Regardless of the complexity 
of the magnetic field near the surface of the star, at large 
distances the stellar field will be dominated by its dipole com- 
ponent; for spherically-symmetric, radial free-fall towards a star 
with dipole moment Ho, in units of 10% gauss cm3, ra has the 
characteristic value 


ra? = 29X 108 H304 (M/Mo)"7 Ly 17? R7?" cm (2) 


Here Ls, is the accretion luminosity in units of 103%? erg s~! 
and Rs is the stellar radius in units of 10° cm. The effect of the 
star’s rotation on the accretion flow can, to a first approxima- 
tion, be neglected if the angular velocity of the star, Q,, satisfies 
Qs < Ara) = (GM/r,°)“?_ or, equivalently, ra <r. = 
(GM/Q.,*)"/? (ref. 12). This is the condition for ‘slow rotation’. 
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Alfvén surface 


Fig. 1 Suggested plasma flow pattern in slow rotators with 

complex surface magnetic fields. Plasma enters the magneto- 

sphere as the result of the Rayleigh-Taylor instability of the 
magnetospheric boundary and plunges close to the stellar 
surface before being channelled by the stellar magnetic field. 

Most of the plasma is channelled towards the polar caps, but 

some flows along field lines that lead to other parts of the stellar 

surface. 

The flow of highly conducting plasma towards the star 
tends to close the megnetosphere (ref. 12). Since the magneto- 
spheric boundary is convex towards the accreting plasma, the 
gradient of the field is such as to stabilise the boundary. 
Nevertheless, the weight of the plasma will drive the boundary 
locally Rayleigh-Taylor instable if 


Serr = COSOGM/ rm? —KBm*/40Pm > 0 (3) 


Here 6 is the angle between the radius vector and the outward 
normal to the boundary, r, is the exact.radius of the magneto- 
spheric boundary (~ ra), Bm and pm are the stellar magnetic 
field and plasma density at the boundary, K ~ I/rm is the 
curvature of the boundary, and we have neglected radiation 
pressure forces. If the boundary is in magnetohydrostatic 
equilibrium, one has Bm?/8T = rmkpTm, Where nm and Tm are 
the particle density and temperature in the plasma just outside 
the boundary. Thus, the condition for the onset of the Rayleigh- 
Taylor instability can be written 


Tn < Tent =F cosOT etC m)/(2KFm) 


where Bm, fm, and « are roughly independent of Tm. 

Detailed model calculations show that in the absence of 
cooling, the weight of the plasma is insufficient to drive the 
boundary unstable (Elsner and Lamb, to be published; see 
also ref. 13). These calculations show further that instability 
sets in when the plasma at the boundary has cooled to a tem- 
perature J, ~ 0.37:(rm), and that Ten/Tee(řm) is largest 
at the magnetic equator. Once instability occurs, plasma may 
penetrate the magnetosphere over much of the magneto- 
spheric boundary except at the axes of the polar cusps, where 
the boundary is stable. Unfortunately, there are at present no 
reliable calculations of the properties of the fully developed 
Rayleigh-Taylor instability in the nonlinear regime, and the 
precise boundary condition to be imposed on the flow at rm is 
therefore unknown. Therefore we adopt the simplest boundary 
condition that gives a qualitatively correct flow solution: since 
the growth of the Rayleigh-Taylor instability is rapid and 
other modes of plasma entry are relatively ineffective, we shall 
assume that, in a steady state, the region of shock-heated 
plasma extends a distance A, outside r,, such that Tm is less 
than but of order Tne 

If the neutron star accretes plasma from a disk, the flow 
may still resemble in certain respects the flow just described. 
Thus if the disk thickens near ra and the flow becomes roughly 
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Table 1 Characteristics of fast and slow rotators 


Source property Slow rotators (r, < r.) 


Period changes 
: both, unless disk flow reverses 

ty ~t? for disk inflow 
Spectrum 
not expected 
Pulse shapes 


Either spin up or spin down, but not 


Intense soft (~ 0.1 keV) component 


More complex at lower energies, simpler 


Fast rotators (ra ~ r,) 


Spin down as well as spin up, even 
if disk flow does not reverse 


> 4° even for disk inflow 


Intense soft (~0 1 keV) 
component possible 


Simpler at all energies 


at higher energies 
—_—_— S a e aaao o UUU 


spherically symmetric there, the flow outside the magnetosphere 
should resemble the post-shock flow described above. Even if 
the disk remains thin, the Rayleigh-Taylor instability may well 
play an important role in allowing the relatively cold disk 
plasma to penetrate the magnetosphere. 

Of particular relevance for the present discussion, recent 
research on two-dimensional models of accretion disks around 
magnetic stars (ref. 14 and Ghosh, Lamb, and Pethick, in 
preparation) suggests that radial flow velocities v, ~ vpe in the 
neighbourhood of ra are a general feature of disk accretion by 
slow rotators (if shear stresses are large, v, may become ~ Ver 
outside the magnetospheric boundary; in any case one expects 
Yr ~ Vee inside the magnetosphere). If this is the case, one 
expects ra ~ ra? even for disk inflow!? and, for disks rotating in 
the same direction as the star, a spin up timescale, ¢,, of order 
oe (4) 

(MGMr, y 
where J is the star’s moment of inertia and M is the mass 
accretion rate. 

For sources with luminosities L > 10% erg s~}, the optical 


depth to Compton scattering of shock-heated plasma outside 
rais 


4/5 1/5 —2/5 
5 ra M InA \' 3/5 
Te oof; i) Ge) (' : ) Re (5) 


where InA is the Coulomb logarithm, ~ 15 at ra. Thus, in slow 
rotators the rapid development of the Rayleigh-Taylor 
instability and the large inflow velocities at rą imply that there 
is little plasma there to absorb and reradiate keV X rays 
produced at the stellar surface. An intense soft component 
(e ~ 0.1 keV) is therefore not expected in the spectrum of 
slow rotators. 


Pulse shapes 
Although the Rayleigh-Taylor instability causes plasma to 
penetrate the magnetosphere ‘between’ stellar field lines, the 
plasma is unlikely to be effectively channelled along these 
field lines until it is threaded by them; this can occur either by 
diffusion of the infalling plasma on to stellar field lines or by 
reconnection of magnetic field lines embedded in the infalling 
plasma to stellar field lines. If cooling is rapid and threading 
occurs relatively slowly, the plasma may fall to within a few 
stellar radii of the star’s surface before being funnelled towards 
the magnetic poles. If in addition the topology of the stellar 
surface field is complex, with numerous flux concentrations at 
points other than the poles of the dipolar component of the 
field, the flow pattern of plasma near the stellar surface may be 
similar to that shown schematically in Fig. 1. : 
How long can small scale magnetic flux concentrations 
be expected to survive in the crust of a neutron star? If the 
crustal conductivity is o, such concentrations will decay away 
on a time scale 


ta ~ 4nolm?/c? = 4X 108 (Im/105 em)? (o/1024 5-1) yr (6) 


assuming they go to a depth ~ lm. To be present now, they may 
have had to survive for an evolutionary timescale fe, ~ 10° 
yr (ref. 15), which would requires > 3x 1023s—if/, ~ 105cm. 
Now the temperature of the stellar surface must be < 10°K, 
since otherwise it would be seen as an intense source of soft X 
rays, and the temperature in the crust itself may be similar. Re- 


ta? 


cent calculations of crustal conductivities! show that at thi- 
temperature, field decay in the crust from electron-phonon inters 
actions would be entirely negligible after 10° yr, while that 
from electron-charge disorder interactions would be negligible 
except in lighter stars (M < 0.5 Mo) whose crusts are as 
impure as possible. Decay from scattering off dislocations 
can also be neglected unless the distance between dislocations 
is microscopic. Thus, it is entirely reasonable that a large 
proportion of neutron star X-ray sources may have complex 
surface magnetic fields. 

-Since the dipole component of the field is dominant except 
within a few stellar radii of the surface, most of the matter will 
still be channelled to the polar caps, as in purely dipolar models, 
and most of the keV X-ray emission will come from hot 
spots there, producing broad, smooth pulses at energies 
£ > ha, ~ 10B,. keV, where B,» is the surface field in units 
of 1012? gauss and ©. =eB/m.c is the electron cyclotron 
frequency. A small fraction of the accreting plasma is, however, 
likely to be channelled along field lines that lead to other parts 
of the stellar surface. Then, as the star turns, the broad emission 
pattern from the polar hot spots will be seen through varying 
amounts of cyclotron-absorbing plasma, producing complex 
waveforms at energies € ~ iw,. 

For surface field strengths B ~ 104-10? gauss and tem- 
peratures ksT ~ 107-108 K one has fiw, ~ kgT, and the quan- 
tum-mechanical expression!” for the cyclotron cross section 
must be used. The optical depth through a clump of dimension 
size /, at ¢ = hw, is 


/ 
lOp? ù mmec?® = 1 (7) 
Teyre = cos \ kT | I expl kodkiT) 


where Wpe is the electron plasma frequency. Thus one has Teye 
2 1 for column densities p/, > 2.9x 10-5 Bis Ta? g cm~2, where 
Ts =T/10® K. For clumps of dimension /, ~ 105cm, this re- 
presents a density only ~ 10~* that above the polar caps. 

In the absence of absorption processes, cyclotron scattering, in 
which an electron makes a transition from one Landau orbital 
to the next higher one and back again, is likely to dominate, 
and will create an anisotropic angular distribution of the 
radiation emitted by the polar caps without significantly altering 
its energy distribution. For example, if there are N clumps of 
size /, ~ 105cm at a distance d ~ 10° cm from a polar cap, 
then when a clump is in the line of sight, the X-ray flux at 
energy £ from that polar cap will be reduced to a fraction 
f~ N(.{d)? ~ 0.01 N of its value when the line of sight lies 
between clumps, assuming exp(—Tey-(e)) < f<1. On the 
other hand, if the energy falling on the clumps were thermalised 
and then reradiated, the temperature T, of the clumps would 
be a factor ~ (/,/d)"? ~ 0.3 lower than that of polar caps of 
dimension /,, and the energy distribution as well as the angular 
distribution would be altered. In either case the spectrum would 
appear heavily ‘absorbed’ at low points in the pulse waveform. 


Vela X-1 and AOQ535+26 
If AO535--26 and Vela X-1 are magnetic neutron stars with 
spin periods, P, of 104 and 283s, respectively, then both are 
probably slow rotators. Using the estimate (2) for ra°, the 
condition ra? < r.e becomes L > Lern, where 

Lent = 1.0 X 1038 P- u3? (MIMo) 3 Re ™ergs™ (8) 


a condition which is easily satisfied by Vela X-1, and by 
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AO535-+26 if it has an accretion luminosity L = 10% erg s~}, 
assuming H~ 1. (Note, however, that Ler depends sen- 
sitively on p.) 
Consider now some of the observational implications of the 
hypothesis that these sources are slowly rotating neutron stars: 
.(1) If there is a Keplerian accretion disk around the magneto- 
sphere and the disk rotates in the same direction as the star, 


the star should spin up on a timescale ~ ¢,.°, with P propor- 
tional to L. Changes from spin up to spin down should not 
occur as the result of accretion torques unless the flow departs 
from this pattern. In the absence of disk flow, ¢, should be 
> fL, while a reversed disk could lead to spin down on the 
timescale f. (Were these sources degenerate dwarfs, the 
timescale ¢,.° would be very much longer, since / would be 
~ 10° times larger.) 

(2) Because little plasma accumulates near ra, intense soft 
X-ray emission is not expected. 

(3) If the complex 1—10-keV pulse shapes arise from scatter- 
ing or absorption by clumps of matter entrained in complex 
magnetic fields near the stellar surface, as we have suggested, 
the number and positions of the basic features in time-averaged 
pulse waveforms should remain fixed, since the field con- 
figuration is fixed, although the sizes of various features may 
change if the flow pattern of the plasma approaching ra changes. 
(Were the features instead caused by random clumping of the 
infalling plasma, independent of the surface field geometry, 
they should average out on timescales of minutes. Such com- 
plicated pulse shapes also seem unlikely to be the result of 


complex variations in M controlled at the magnetospheric 
boundary! since it is there, at r > R, that the stellar field 
should be most symmetric; moreover, in slow rotators plasma 
is likely to enter the magnetosphere over a substantial fraction 
of its surface, at least in the absence of strong X-ray beaming 
effects.) 

We note that the narrowness of some of the features (in 
AO535+26, for example, some have widths < 0.05 in pulse 
phase) favours an interpretation in terms of scattering or 
absorption rather than beaming, since such narrow features are 
unlikely to be produced by beaming in quasi-thermal sources 
such as these, but can easily be produced by absorption if the 
absorbing clumps are small, close to the stellar surface, and 
have sizes comparable with those of the polar cap emitting 
regions 

(4) If the features at 1-10 keV are caused by cyclotron 
scattering in plasma clumps a distance ~ d above the surface 
and dis ~ 10° cm, then the surface fields in both stars must be 
~ 101%10!3 gauss. Above 15 keV the polarisation should 
change smoothly across the pulses (see ref. 19); below 10 keV 
the polarisation should change smoothly across a given peak 
in the waveform, but could change abruptly from one peak to 
the next, since it 1s the result of absorption of smoothly varying 
polarised emission at the polar caps by clumps of matter whose 
absorption polarisations may differ significantly from one to 
another. S ; 


Comparison with fast rotators 


We have seen that many of the properties of Vela X-1 and 
AO535-+-26 can be understood if they are slowly rotating 
neutron stars. For comparison, let us consider briefly how the 
properties of fast rotators, in which ra ~ re, might be expected 
to differ from those of slow rotators 

If a fast rotator is fed by an accretion disk around its rotation 
equator, rotating in the same sense as the star, the force of 
gravity at the disk-magnetospheric boundary will be largely 
cancelled by centrigufal forces; as a result the growth rate of the 
Rayleigh-Taylor instability will be reduced and the plasma 
will fall inward between stellar magnetic field lines more slowly. 
Thus there will be more time for the accreting plasma to become 
threaded by stellar field lines far from the stellar surface, per- 
haps helped along by the Kelvin-Helmholtz instability (see 
also ref. 13), and channelling of the flow by the stellar field 
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is therefore likely to occur at r > R. Finally, since the dipolar 
component of.the field dominates at r > R, the flow is likely 
to be more effectively funnelled towards the two polar caps 
than in slow rotators. 

If this difference ın the accretion flow does occur, it will be 
reflected by the properties of such sources: 

(1) If an extreme fast rotator is surrounded by a Keplerian 
accretion disk rotating in the same direction as the star, the 
accretion torque caused by material stresses at ra can be 
largely cancelled or even reversed by magnetic and viscous 
stresses. Thus, even if such a source is disk fed, the average 
spin up timescale should be longer than ¢,°, and occasional 
episodes of spin down would be expected. 

(2) If the infall of plasma is significantly slowed by near 
cancellation of gravity by centrifugal forces, a substantial 
quantity of matter may accumulate near ra, producing a 
soft X-ray component in the spectrum by reprocessing keV 
X rays emitted at the stellar surface’. If sufficient matter accu- 
mulates, the pulsed fraction in the energy range 0.1-1 keV will 
be reduced, and the pulse phase ın general shifted from that at 
1-10 keV. 

(3) If the slowly infalling plasma is effectively channelled 
along stellar field lines far from the star’s surface, essentially all 
of the plasma may be funnelled towards the two polar caps, pro- 
ducing broad, smooth pulses throughout the keV energy 
range. 

These expected properties of fast rotators surrounded by 
accretion disks are well illustrated by Her X-1, which has a 
spin period of 1.24s. Assuming M = 1.3Mo (ref. 20), 
R, = 1.5 (ref. 21), and L} = 5.8, appropriate to a distance 
of 6kpe (ref. 7), equation (2) gives ra? ~ re for Hs ~ 1, 
indicating that Her X-1 is mdeed a fast rotator. Even 
though Her X-1 is believed to be surrounded by a 
Keplerian accretion disk® it shows episodes of spin down as 
well as spin up‘. Moreover, the observed average spin up time, 
3x 105 yr (ref. 22), is a factor ~ 40 longer than the slow-rotator 
estimate (4), if J ~ 2x 10% g cm? (ref. 21). This factor is too 
large to be accounted for by uncertainties in J or in ra (since 
t2  r,—/2, ra would have to be a factor ~ 10° smaller than 
our estimate), and 1s strong evidence that material stresses at 
ra are closely cancelled by magnetic and viscous stresses. In 
addition, there is an intense soft X-ray component in the 
spectrum of Her X-1 (ref. 23) that has been interpreted in 
terms of a centrifugally-supported opaque shell of accumulated 
matter partially surrounding the neutron star magnetosphere 
(ref. 24; reprocessing by plasma at the magnetospheric bound- 
ary has also been mentioned in ref. 25). Such an accumulation of 
matter cannot be supported by magnetic forces or radiation 
pressure since it would be Rayleigh-Taylor instable on a 
dynamical timescale. Finally, the pulse waveforms seen in 
Her X-I are comparatively simple throughout the energy range 
1-30 keV, as would be expected if all the accreting plasma were 
funnelled towards the two polar caps. (Alternatively, these 
simple pulse shapes could arise simply from the absence of 
complex surface magnetic fields in Her X-1, but we believe 
this possibility is less likely.) 

If a fast rotator 1s fed by more nearly radial inflow, or by a 
disk which is not aligned with the stellar rotation, the accretion 
flow 1s likely to be more complicated with a possibility of 
centrifugally-supported matter in the rotation equator and 
rapid inflow near the rotation axis. 


Discussion 


We have suggested that Vela X-1 and AO5354-26 are slowly 
rotating neutron stars in which complex 1-10-keV pulse 
shapes are produced by cyclotron absorption near the stellar 
surface, and have indicated several ways in which this hypo- 
thesis can be checked. 

We have also suggested that accretion flows in the magneto- 
spheres of fast rotators are different from those in slow 
rotators, and that the properties of X-ray sources will reflect 
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this difference. Some of these properties are summarised in 
Table 1. Further study of other pulsating X-ray sources will 
show whether this model of accretion flows is correct. Thus 
SMC X-1, with a recently discovered period of 0.71 s (ref. 26) 
and a luminosity ~ 6x 1088 erg s~ is a prime candidate for 
fast rotation, while 3U1728-24, with a period of 123s (refs 
27, 28) and a luminosity (if it lies near the galactic centre) 
~ 10°® erg s™, should be a slow rotator. It is also possible 
that 3U1813—14, 3U1223—62, and 3U0352+-30, which have 
recently been reported to be pulsating?’, are slowly rotating 
neutron stars. 

A further implication of this model of accretion flows is that a 
rapidly rotating neutron star located in a binary system where 
the mass transfer rate is very high might be completely surroun- 
ded by a centrifugally-supported opaque cloud. If such a cloud 
smears out periodic intensity variations without reprocessing 
too large a fraction of the keV X-ray emission into soft X rays, 
it could account for the observed properties of unpulsed 
sources like Sco X-1 and Cyg X-2 (ref. 5); such a possibility 
has also been recently suggested by Sunyaev (private com- 
munication through R. McCray). 

We conclude by pointing out that a given source can change 
from fast rotation to slow rotation, or vice versa, if it is ‘choked? 
or ‘starved’ of accreting matter. One source that might show 
such transitions is Cen X-3, which shows some characteristics 
of both types of accretion flows and apparently undergoes large 
changes in accretion rate®®, Although Cen X-3 usually has a 
comparatively simple pulse shape and also shows occasional 
spin down episodes®, both of which are characteristics of fast 
rotators, equation (2) gives ra only ~ 0.3 r. for P = 4.84s, 
Ha ~ 1, and Ly, ~ 6 (appropriate for an X-ray high state at a 
distance ~ 10kpc), and the average spin up timescale ıs 
~ 3x 10% yr, in rough agreement with the slow rotator result, 
equation (4). Cen X-3 has been observed to have a more pro- 
nounced double pulse structure during what is believed to have 
been a ‘choke-out’ (Fabbiano and Schreier, personal communi- 
cation), but the observation appears inconclusive as a test of the 
accretion flow pattern. The enhanced pulse-to-pulse variations 
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in pulse shape seen during one ‘starve-out’ are probably un- 
related to the increased complexity in the time-averaged 
waveform expected were Cen X-3 to become a true slow 
rotator. Clearly, observation of a transition from fast to slow 
rotation would provide an important check on the model. 
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DMSO and other cryoprotective agents produce a pro- 
nounced increase on the phase transition temperature of 
phospholipid membranes, indicating an increased 
stability. The effects of DMSO and the other cryopro- 
tective agents, divalent cations, and local anaesthetics on 
the transition temperature of phospholipid membranes 
seem to correlate with their effects on the differentiation 
of Friend leukaemic cells in vitro: These studies suggest 
that the induction of differentiation by cryoprotective 
agents may be the result of the interaction of these 
agents with cell membranes. 





Growtu of Friend leukaemic cells (FLC) in suspension 
culture in the presencę: of any one of a variety of cryo- 
protective agents results in the differentiation of these cells 
along the erythroid pathway"?. Although evidence has been 


presented that DMSO must ultimately influence the control 
of differentiation at the level of transcription’, the primary 
site of action of these agents remains unknown. The known 
properties of these agents as penetrant-carriers and cryo- 
protectants suggested to us that their initial and perhaps 
major effects might be on the cell membrane. Considerable 
speculation has recently been directed towards possible 
alteration of membrane properties during cell differentiation 
and malignant transformation’. We have used differential 
scanning calorimetry (DSC) to study the effects of these 
agents on membrane properties. This technique has been 
used extensively to obtain a direct measure of a temperature 
and enthalpy of the lipid phase transition from the solid to 
the liquid-crystalline state’. The temperature at which the 
phase transition occurs in a given system is related to the 
fluidity of the membranes, and lipid fluidity has been 
shown to be an important parameter in various functions of 
biological membranes”? 

The studies reported here demonstrate that DMSO and 
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other compounds which induce cell differentiation, alter the 
properties of phospholipid membranes causing the appear- 
ance of a new transition at higher temperatures. This effect 
indicates stabilisation of the membranes and we interpret it 
as evidence for decreased membrane fluidity. Local 
anaesthetics, which increase membrane fluidity’? inhibit 
the artificial membrane effects as well as the induction of 
benzidine positivity in FLC in vitro by these chemical 
agents. Divalent cations enhance the effects of the inducing 
agents and reverse the inhibitory effects of the local anaes- 
thetics on the artificial membranes and on FLC growing in 
suspension culture. These studies suggest that interaction 
of chemical inducing agents with membrane phospholipids 
may be involved indirectly in the induction of FLC differen- 
tiation by the same agents. 


Effects of DMSO on phospholipid 

membrane transition temperature 

Our initial studies were with DMSO, the first inducer 
recognised and one of the most potent agents available. 
Figure 1 demonstrates the effect of increasing concentra- 
tions of DMSO on the thermotropic properties of DMPG. 
Increasing concentrations of DMSO produce a shift of the 
T. of the normal transition towards higher temperatures 
(mid-point Te from 33.0 to 36.8°C), while apparently 
reducing its magnitude until it disappears (curve e). DMSO 
also causes the appearance of a previously unrecognised 
endothermic transition at much higher temperatures (60-— 
70 °C) which also shifts towards higher temperatures with 
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Fig. 1 The phospholipid used in these studies was dimyristoyl- 
phosphatidylglycerol (DMPG) synthesised as described 
previously??. It was stored under nitrogen in sealed ampoules at 
—50°C at a concentration of approximately 10 pmol mi-?. 
Multilamellar vesicles were prepared by the method of Bangham 
et al8, The phospholipid was dispersed ın phosphate-buffered 
saline (PBS) prepared in the presence of 5mM magnesium 
chloride but free of calcium. Following dispersion at 37 °C, 2-3 
umol of lipid were distributed into individual sample tubes to 
which was added 5-10 ml of the solution to be studied The 
vesicles were then incubated in PBS in the presence of 5mM 
magnesium chloride for 3 h at 37 °C in the following conditions: 
a, controls, no additions or in the presence of; b, DMSO 2% 
(v/v), 0.26M; c, DMSO 10% (v/v), 13M; d, DMSO 20% 
(v/v), 2.6 M; e, DMSO 30% (v/v) 3.9M_ After cubation, the 
lipid suspension was centrifuged at 2,000 rpm for 30 min and 
the wet pellet transferred to a sample pan and covered Using a 
PBS standard, the phase transition temperature (T.) of the 
phospholipid vesicle suspension was determined using a Differ- 
ential Scanning Calorimeter (DSC-2, Perkin-Elmer, Norwalk, 
Connecticut). In all the studies a sensitivity scale of 1 mcalorie s71, 
a chart speed of 20 mm min™ and a scanning rate of 50°C 
min~ wereused The 7,, defined as the midpoint of the transition 
temperature, was found by heating the lipid samples at the 
indicated rate. The amount of lipid ın each sample was not 
identical m each sample, so that the total heat of the transition 
which is represented by the area under the peak varies with 
different samples Consequently, comparisons between different 
samples were made only with respect to the T., and with the 
relative area under each peak when two peaks were present 
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Table 1 Effects of chemical inducers 





Benzidine-positive cells* (%) 


Inducer Experiment No. 1 Experiment No. 2 
Control§{ 0.3 0.3 0.6 0 
DMSO 1% (0 13M) 8 14 4 9 
DMSO-+ Met 24 19 37 . — 
DMSO-+ Cat 17 17 18 19 
DMSO-+ Dib.+ 3 8 0 1 
DMSO + Dib.+ Cat 11 13 9 5 
TMU (4.3 x 10-°M) 38 38 47 47 
TMU + Proc.t 26 14 24 13 


TMU + Proc.+Cat 45 41 > 42 34 


*Friend leukaemic cells (FLC), line 745A, were grown in suspension 
culture ın Eagle’s basal media with Earle’s balanced salts (Gibco), 
made 15% with foetal calf serum (FCS) (Gibco). The cells were 
incubated at 37 °C in a humidified atmosphere consisting of 5% CO, 
and 95% room air. Cultures were seeded at 1 x105 cells ml and 
routinely passed at 3—-4-d intervals. The chemical agents under study 
were added either alone or in combination at the time of seeding of 
the culture into 2-ml plates in duplicate. After 5 d of growth the 
cultures were collected, counted, and slides were made using a 
centrifuge, stained with benzidine Wright-Giemsa and the proportion 
of benzidine-positive cells was determined by one observer who 
counted 300 cells in a single blinded fashion. Cell viability was 
determined by Trypan blue exclusion 

Concentrations: Mg?t+, 8x10-3 M; Ca?t, 14.3x107-% M; 
Dibucaine, 5x10-* M; Procaine, 7.3x10-4 M. Procaine hydro- 
chloride was from McGraw Laboratories, Glendale, California and 
magnesium chloride, 5H,O from Fischer Scı Co, Fairlawn, New 
Jersey. 

tControl cultures had no agents added. The benzidine-positive 
cell counts for Mg, Ca, Dibucaine, and Procaine control cultures 
were identical to the centrol counts noted above. 

§Standard BME contains 8 x 10-4 M Mg?* and 1.9 x 10-3 M Ca?*. 
For the cases where additions were made the final concentrations 
were as indicatedt. 


increasing concentrations (Fig. 1). The upper transition 
first appears at a DMSO concentration of 2% (v/v), it 
becomes predominant at about 20% (v/v/) and is the only 
transition present at 30% (v/v). It should be noted that the 
optimal concentration of DMSO for inducing FLC differ- 
entiation is 2% (v/v) which is in the range of observed 
effects on phospholipid membranes seen here. The appear- 
ance of the new transition at high temperature was associ- 
ated with visible flocculation of the lipid preparation follow- 


. ing dispersion of the sample. 


Effects of other inducers of 

differentiation on transition temperature 

As shown earlier’? DMSO, DMF, PNO, and TMU are all 
effective inducers of erythroid differentiation of FLC in vitro 
The results presented in Fig. 2 indicate that all these agents 
induced the appearance of a new transition at higher 
temperatures (upper Te) which is similar to that produced 
by DMSO. The temperature of the upper transition did not 
always rise with increasing concentrations as observed with 
DMSO. The effects of the compounds on the lower peak 
varied somewhat with some compounds causing an increase 
(curve b) in the lower T. with increasing concentration, 
while others caused little change (curves c and d) or a small 
decrease of the lower JT, (curve e). Butyric acid (data not 
shown) is unique among the effective inducers studied” in 
that at low concentrations (0 01 M) it raises the Te while at 
higher concentrations (0.1 M) it lowers the Te, and at even 
higher concentrations (1 0 M) it eliminates the transition 
in the temperature range tested Jt was not established 
whether butyric acid produced a new transition at much 
higher temperatures. : 

The urea family of compounds has been found to have 
varying effects on the induction of erythroid differentiation 
in FLC in the following order: TMU is an extremely potent 
inducer of differentiation, DMU is a moderate inducer and 
urea a very weak inducer? At concentrations of 30% (v/v) 
in the absence of Mg’*, urea had no effect on the lower Te 
and did not produce a new transition at higher temperatures. 
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Fig. 2 Differential scanning calorimetry of DMPG vesicles in the 
presence of various inducers of erythroid differentiation. Vesicles 
were prepared in the presence of PBS with 5 mM magnesium - 
chloride: a, Control. All further calorimetry thermograms were’ 
obtained in the same conditions except for the presence of: 
b, DMSO 15% (v/v), 1.95 M; c, DMF 15% (v/v), 1.95 M; d, PNO 
10% stock solution (v/v), 0. 81 M; e, TMU 10% (v/v), 086 M. 
PNO stock solution was 8.1 M, made by dissolving 100 g PNO in, 
130 ml of sterile water. The agents used ın these studies were used 
as provided or dissolved ın PBS (1 I contains: 900 ml 0.145 M 
NaCl; 80.40 ml 0 067 M Na,HPO,; 19.60 ml 0.067 M KH,PO,) 
and were obtained from the following companies: dimethyl- 
sulphoxide (DMSO), pyridine-N-oxide (PNO), tetramethylurea 
(TMU), dimethylurea (DMU), and butyric acid (BA), all from 
Eastman Kodak, Rochester, New York; dimethylformamide 
(DMF), urea, Fischer Sci. Co., Fairlawn, New Jersey. 


On the other hand, both DMU and TMU were. effective in 
abolishing the lower transition and producing one at much 
higher temperatures. TMU, which is the most potent in- 
ducer of differentiation in our system’, in the presence of 
5 mM Mg”* caused the appearance of an upper transition 
at the lowest concentration tested (0.2% v/v), which is 
clearly within the range for inducing differentiation of 
FLC in vitro (0.1% v/v is optimal concentration). 


Antagonistic effects of local 
anaesthetics and chemical inducers | 


It has previously been demonstrated that local anaesthetics 
increased the fluidity of acidic phospholipid membranes as 
indicated by a decrease of the Te (ref. 11). Since the induc- 
ing agents were found to have the opposite effect on the To, 
we studied the interactions of these agents in ‘the same 
system (Fig. 3). 

As discussed above, the presence of DMSO results in an 
upward shift of the normal T. and the appearance of a new 
transition of much higher T. (Fig. 3, curve c). Dibucaine, 
on the other hand, lowers the normal J. (curve d) When 


the vesicles were exposed simultaneously to dibucaine and - 


DMSO, the upper T. disappeared and the lower Te was at 
midpoint between the peaks obtained when each agent was 
present alone (curve e) The disappearance of the upper 
T. coincided with the disappearance of the DMSO-induced 
flocculation associated with the appearance of the upper To. 

The addition of calcium to the mixture of DMSO and 
dibucaine not only restored the DMSO-induced upper peak, 
but also diminished the size of the lower transition com- 
pared with that shown by DMSO alone at that concentration 
(curve f). The exothermic (inverted) peak shown in curve 
f at 26°C is usually obtained at higher concentrations of 
DMSO alone (30%). A more detailed study of the synergism 
of the effects of DMSO and divalent metals will be reported 
elsewhere”. 
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Divalent cations and local 
anaesthetics on differentiation induction 


The effects of inducing agents, divalent cations, and local 
anaesthetics on the properties of artificial phospholipid 
membranes led up to examine their effects on FLC growing 
in suspension culture. Friend leukaemic cells were grown 
in the presence of each of these agents alone or in 
combination (Table 1) DMSO 1% (v/v) induces a low 
degree of erythyroid differentiation. Increased concentra- 
tion of calcium and, to a somewhat greater extent mag- 
nesium, seem to enhance the ability of DMSO to induce 
differentiation although they do not induce differentiation 
on their own at the concentrations used. Both dibucaine and 
procaine were found to inhibit to a large extent the 
development of benzidine positivity induced by DMSO and 
TMU in terms of both the proportion .of benzidine-positive 
cells in the culture as well as the degree of positivity of the 
individual cells. Furthermore, calcium was able to restore 
and perhaps slightly enhance the DMSO-induced benzidine 
positivity previously inhibted by the local anaesthetics. 
None of these compounds alone or in combination, nor 
the addition of calcium, had any effect on the number or 
viability of cells present after 5 d of culture when com- 
pared with control cultures. Two additional observations are 
of interest. When FLC were grown in higher concentrations 
of DMSO or TMU (at 0.27 M or 8.6 107° M respectively) 
the topical anaesthetics produced little if any inhibition of 
benzidine positivity Additionally, although the addition of 
calcium had no effect on the rate of cell growth, the 
benzidine-positive cells in these cultures were vacuolated. 


Membrane effects of cryoprotective agents 


Cryoprotective agents which induce Friend leukaemic cell 
differentiation in vitro have variable effects on the normal 
T. of phospholipid vesicles but consistently induce the 
appearance of a new endothermic peak at higher temper- 
ature. We interpret this as evidence for a stabilisation of 
the lipid bilayers indicating a decrease in membrane fluidity. 
Although high concentrations of inducing agents were 
frequently used, detectable effects on membrane fluidity 
were obtained with concentrations in the range used to 
induce differentiation in culture. Our previous studies with 
cryoprotective agents suggested that the ability of an agent 
to induce FLC differentiation paralleled the basicity of the 
agent’. Our current studies are in accord with these in that 
we have found that the effects of these agents in ‘stabilising’ 
phospholipid membranes are much more pronounced with 
acidic than with neutral phospholipids” it therefore seems 
that ‘ionic charge ‘interactions and perhaps hydrogen 
bonding” may be involved in the interaction of these com- 
pounds with phospholipid membranes. 

The DSC studies demonstrated that agents, such as local 
anaesthetics’’*"** which increase membrane fluidity, inhibit 
the DMSO effect on membranes, whereas on the other hand, 
factors which decrease membrane fluidity such as Ca’* and 
Mg?”* 11, enhance the DMSO effect An analogous relation- 
ship was found between the actions of divalent metals (en- 
hancing) and a local anaesthetic (inhibiting) on cell differen- 
tiation induced by DMSO as judged by the development of 
benzidine positivity. But the inhibition of benzidine positivity 
by local anaesthetics’ raises several questions in itself, since 
not only was the proportion of benzidine-positive cells de- 
creased, but the degree of benzidine positivity of the differ- 
entiating cells was also reduced. This latter observation 
raises the possibility that the local anaesthetics may interfere 
only with the synthesis of haem and perhaps not inhibit at 
the same site where DMSO is involved directly in inducing 
FLC differentiation. For example, DMSO and other induc- 
ing agents have several different effects, whereas the local 
anaesthetics may merely inhibit mitochondrial synthesis of 
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Fig. 3 Differential scanning calorimetry of DMPG vesicles in 
the presence of DMSO, dibucaine and calcium a, Thermogiam 
obtained from vesicles prepared in the presence of PBS alone 
The remaining curves were obtaincd from vesicles to which were 
added: b, calcium chloride 5x 1074M; c, DMSO 20% (v/v), 
2.6 M; d dibucaine hydrochloride 5 x 10-5 M; e, DMSO 20% 
(v/v), 3, 6 M and dibucaine hydrochloride 5 x 10- M; h DMSO 
20% (v/v), 2.6 M, dibucaine hydrochloride 57105 M, and 
calcium chloride 5x 10-1M_ Dibucaine hydrochloride was ob- 
tained from K and D Laboratories, Plainview, New York.; 
calcium chloride from Upjohn Co, Kalamazoo, Michigan. 


haem. Other manifestations of differentiation may therefore 
not be inhibited by the local anaesthetics. 

Our studies suggest that the cryoprotective ability of 
these compounds may also be related to their membrane 
effects. It is possible that a decrease in fluidity of the cell 
membrane could render the cell and its subcellular organ- 
elles more resistant to distortion during freezing. In fact, 
preliminary experiments in our laboratory suggest that local 
anaesthetics may inhibit DMSO cryoprotection of ery- 
throcytes. 

Although not ruling out a direct effect on transcription, 
the studies reported here suggest that in FLC line 745A 
interaction of the cryoprotective inducers with the cell 
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membrane may play an important part in the induction of 
differentiation of murine erythroleukaemic cells. A de- 
crease in membrane fluidity could alter the transport and 
permeability properties of the: membrane or cause the 
‘release’ of an intracellular messenger which would itself be 
responsible for initiating the transcription of those mRNAs 
necessary for erythroid differentiation. On the other hand, 
the same physical interactions which occur between the 
agents and the phospholipid membranes and the associated 
water molecules could also occur at other sites within the 
cell (including proteins, or nucleic acids). The conforma- 
tional changes produced at such sites’? could result in 
differentiation by directly effecting the transcription of 
mRNAs associated with differentiation. Although these 
lipid vesicle studies seem to be predictive of the effects 
of cryoprotective agents on FLC line 745A, they are not 
predictive of their effects on line 745D, a cell line which is 
refractory to DMSO and only minimally responsive to other 
cryoprotective agents’. It thus seems possible that the 
difference in responsiveness between lines 745A and 745D 
may be a result of differences in their cell membranes. 

We thank G. Christoff, E. Taylor, T. Isac and R. Lazo 
for technical assistance. This work was supported by. US 
Public Health Service grants from the National Institutes 
of Health. 
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Similarity of the crystal and solution 
structure of yeast tRNA*™ 


G. T. Robillard, C. E. Tarr*, F. Vosman & H. J. C. Berendsen 


Department of Physical Chemistry, University of Groningen, Zernikelaan, Groningen, The Netherlands 





A comparison of the crystal and the solution structure of 
yeast tRNA has been carried out by calculating the low 
field NMR spectrum from refined X-ray structure co- 
ordinates. The similarity between the computed and 
observed spectra show that the crystal and solution structure 
are virtually identical. 





* Permanent address: Department of Physics, University of Maine, 
Orono, Maine 04473. 


NUCLEAR magnetic resonance (NMR), in theory, can provide 
information on the solution structure of a macromolecule 
at the same level of resolution as obtained with X rays in solids. 
In particular, the chemical shift and relaxation parameters 
contained in an NMR spectrum are sensitive functions of the 
local environments of individual nuclei. Nevertheless, the 
transition from the theoretical argument to the practical task 
of attempting to extract such information from NMR spectra 
poses significant problems since the magnitude of individual 
effects are not precisely known and‘ difficult to calculate. 





364 
Table 1 Optimised ring current values 
Nucleotide Ring currents. 
Giessner-Prettre and Pullman’ Optimised 

Adenine 

Hexagonal ring 0 88 0.763 

Pentagonal ring 0.67 0.580 
Guanine 

Hexagonal ring 0.25 0.288 

Pentagonal ring 0.63 0.725 
Cytosine 027 0.210 
Uracıl 0.08 0.107 


Calculation of magnetic ring currents, however, has reached a 
significantly high level of accuracy to be useful ın predicting 
resonance positions if these positions, to a reasonable approxi- 
mation, are determined only by ring current effects. In the case 
of NMR spectra of tRNA it.is likely that ring currents are the 
dominant shift mechanism determining resonance positions. 
Each ring NH -:- N hydrogen bonded proton ın a Watson- 
Crick base pair generates a resonance in the low field region of 
the proton NMR spectrum of tRNA! The chemical shift of a 
proton in such an environment is a combination of three 
principal effects: (1) deshielding by polarisation of the NH 
bond due to the adjacent electronegative atoms of the hydrogen 
bond; (2) deshielding arising from the ring currents of the two 
aromatic rings between which this hydrogen bonded proton is 
located; and (3) shifts caused by the ring currents of bases 


Fig. 1 360-MHz proton NMR spectra of yeast tRNAP"* in H,O 

solutions taken at 35 °C. The spectra represent 1-h accumulations 

in the continuous wave mode with a sweep rate of 12 s per 

2,400 Hz. Solvent composition was: A, | mM tRNA, | mM 

EDTA and 10 mM sodium cacodylate pH 7; B, | mM tRNA, 

1 mM EDTA, 10 mM sodun cacodylate pH 7, 15 mM MgCl,, 
At NaCl. 





Bo eee | 
Chemical shift (p.p m ) 
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stacked above and below the base pair containing the proton 
in question. The magnitude of these three effects may be as 
large as several parts per million. All-other shift mechanisms 
generate shifts on the order of a few tenths of a part per million. 

Since the X-ray structure of yeast tRNA?®* has now been 
solved?:? and refined coordinates are available, we have cal- 
culated, directly from the coordinates, the ring current shift 
which each hydrogen bonded proton experiences from all other 
aromatic rings in the molecule. The results show that, on the 
basis of the resulting NMR spectrum, the X-ray crystal struc- 
ture and the solution structure are virtually identical. 


Ring current calculations 


We have used the theory of Haigh and Mallion? to calculate the 
ring current shifts of the hydrogen bonded protons. [n this 
theory, which is based on McWeeny’s quantum mechanical 
treatment®, al! contributions to the ring current shifts are 
standard geometric terms that are calculated from the positions 
of ring atoms, multiplied by a factor proportional to the mag- 
nitude of the ring current. Haigh and Mallion used an empirical 
factor that is relevant only for in-plane protons attached to 
aromatic ring systems, but that should be scaled up by a factor 
of 2.6 for large distances. We have used this factor of 2.6 as 
appropriate for the distances occurring in tRNA. Our 
program for calculating the ring current shifts places a 
proton on a straight line between the donor and acceptor 
nitrogens at a distance of 1.02 A from the donor It then sums 
the ring current contributions of every ring in the molecule 
excluding the donor and acceptor rings for the base pair of 
interest These rings are considered separately when deter- 
mining starting positions for a hydrogen bonded proton in a 
given type of base pair. 

Ring currents for the four isolated bases A, G, U and C have 
been calculated by Giessner-Prettre and Pullman® and are 
expressed relative to the ring currents in benzene (see Table !). 
For several reasons calculated values of ring currents can be 
considered to be only approximately correct: (1) ring currents, 
derived from second-order perturbation theory, are sensitive to 
approximations used in the quantum mechanical treatment; 
(2) in hydrogen bonded base pairs the ring currents may deviate 
substantially from those in isolated bases; (3? the neglect of the 
effect of charges in heterocyclic rings; and (4) the inaccuracy 
of the geometric terms used in the calculation of shifts all may 
influence the apparent ring currents. Empirical adjustments 
for each of the ring currents should therefore be made to 
properly account for the observed shifts. We used the calculated 
ring currents® as starting values in an iterative procedure that 
successively refined each value. First, the A and G ring currents, 
and the difference between the AU and GC starting positions 
were varied and the computer was allowed to make a best fit 
between the nearest members of the calculated and the observed 
spectra. Then the C and U ring currents were refined keeping 
A and G fixed. These new values then provided the basis for a 
final slight refinement of A and G ring currents. In each case, 
the pentagonal and hexagonal ring currents of each purine 
were varied by the same factor, thus leaving only four ring 
currents to be refined. Because of the rapid convergence of 
this technique, no further iteration was required. A major 
advantage of this procedure is that one is not required to 
make detailed a priori assignments of given base pairs to 
specific resonances in the observed spectrum and thereby 
prejudice the outcome. ' 

The values arrived at by this optimisation procedure are 
listed in Table 1. As can be seen, the optimum values for this 
calculation are only slightly different from the values calculated 
by Giessner-Prettre and Pullman®. Furthermore, the changes 
are consistent with those expected from hydrogen bonding 
between base pairs. During hydrogen bonding the electron 
density in the electron cloud, and hence the ring current, is 
expected to increase on;the donor base and decrease on the 
acceptor base. This is precisely what occurs when the ring 
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Table 2 Base pair ring current shift 








Helix Base pair Ring current shift (p.p.m ) 
Acceptor GC I -H+ 1.2244 
CG 2 + 1.0705 
GC 3 + 1.4032 
AU 5 +0.6150 
UA 6 +0.6151 
UA 7 +1.0451 
DHU GC 10 +0.9852 
CG 11 +0.4379 
UA 12 +0.3418 
CG 13 +0 5539 
Anticodon CG 27 +1.1602 
CG 28 +1.9580 
AU 29 +1.1530 
GC 30 +0.9366 
AY 31 +0.2392 
TUC CG 49 + 1.3464 
UA 50 +1.5445 
GC 51 +1 2773 
UA 52 +1.1299 
GC 53 +0.9840 
Tertiary U8-Al4 +0.5369 
T54-A58 +0 4942 
G22-m’G46 +1.7710 
G19-C56 +0.8615 
m3G26-A44 +0 4052 
G15-C48 +0.4003 





currents are optimised. We are confident, therefore, that the 
optimisation procedure has not led to incorrect answers. 


Yeast tRNAPhe NMR spectrum 


For the purpose of making detailed comparisons between 
observed and calculated spectra, ıt was necessary to use the 
most highly resolved spectra of tRNA?*"* available. Figure | 
shows the low field NMR spectra of yeast tRNA?"* taken at 
360 MHz in the absence or presence of Mg?+ (B R. Reid, 
personal communication). Except for slight shifts in resonance 
positions and the narrowing of the resonances in the absence of 
Mg?+, the two spectra are identical. Because of the higher 
magnetic fields and the special solvent conditions, however, the 
e 


SSS 
Table 3 Proton resonance positions 





Chemical shift (p.p.m ) 


Base pair Calculated Observed 
UA 12 —14.01 — 13.91 
AU 5 —13.74 —1372 
UA 6 —13.74 — 13.72 
UA 7 —13.31 — 13.38 
UA 52 —13.22 —13.25 
AU 29 —13.20 —13.22 
AU 31 —13.18 —13 18 
CG 11 —13 10 — 13.16 
CG 13 — 12.98 — 12.93 
UA 50 — 12.81 — 12.83 
GC 30 —12.60 — 12.57 
GC 10 —12 55 — 12.51 
GC 53 — 12.55 — 12.49 
CG 2 — 12.47 —12 47 
CG 27 — 12.38 — 12.42 
GC I — 12.31 —12 39 
GC 5! —12 26 — 12.27 
CG 49 —12.19 — 12.23 
GC 3 — 12.13 — 12.09 
CG 28 — 11.58 —11.58 
T54-A58 —14 38 —1440 
U8-Al4 — 14.42 — 14.40 
GI19-C56 — 12 68 — 12.72 
G22-m’G46 — 12.47 —12 47 
G15-C48 —11 78 —I1 72 
mjG26-A44 —13.81 —13 81 


ee U 


Base pair offsets: Watson-Crick AU, —14 35; Watson—Crick GC, 
—13.54; reversed Hoogstein AU, — 14.90; A¥~ —13 50. 
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resolution in the no Mg?+ spectrum (Fig 1A) reveals a number 
of features not observed ın previously published spectra of this 
molecule’—!°. There are seven well resolved resonances below 
—11.5 p.p.m. all of which have approximately unit mtensity. 
When the total integrated intensity in the spectrum is calculated 
relative to any one of these individual resonances we find 26+ 1 
protons between —15 and — 11.5 p.p.m. as shown in the table 
on the side of spectrum in Fig 18 (B. R. Reid and G. T. R., 
in preparation). Similar spectral resolution plus an independent 
calibration on the high field methyl resonances has led us 
recently to the same conclusion in the case of Escherichia coli 
tRNA,” (refs 11 and 12). The intensity in the low field region 
of yeast tRNA?** must then be attributed to the 20 secondary 
structure Watson-Crick hyrodgen bonded base pair protons 
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Fig. 2 Cloverleaf sequence of yeast tRNA?#* (refs 14 and 15) 


(Fig 2) plus hydrogen bonded protons from tertiary interactions. 
There are five tertiary interactions involving ring NH: * ‘N type 
hydrogen bonds which should account for five of the resonances 
in this region. Only one proton resonance is left unaccounted 
for and ‘ts origin will be discussed in the following section 
Figure 3A 1s a computer fit of the original spectrum in’ Fig. 
1A. It was prepared by assigning a number of Lorentzian lines 
of equal intensity and linewidths to the positions where they 
occur in the original spectrum. Twenty-six lines were used to 
generate this spectrum and comparison with Fig. | demonstrates 
that the mtegration shown in this figure accurately reflects the 
number of protons in each peak of the original spectrum. The 
individual positions used in this fit were the same as those used 
in the ring current optimisation discussed above The optimised 
ring current values for the four bases obtained by this procedure 
(Table 1) have been used in the Haigh and Mallion ring current 
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Fig. 3 A, Computer fit of the spectrum in 
Fig. 1A prepared as described in the text, 
B, spectrum calculated from the X-ray 
structure coordinate and optimised ring 
current values using the procedures and 
offsets described ın the text and Tables 1-3. 
The indicated base pair positions .are those 
assigned by the computer from the calcula- 
tions. Secondary structure resonances are 
denoted by the normal conventions 1,2.... 
Secondary structure AU resonances are 
denoted by an ^ at the bottom of the line. 
Tertiary structure resonances are denoted by 
the full lettering and numbering of the base 
pair, that is, U8-A14 and so on. 
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calculation along with the X-ray crystal structure coordinates 
of yeast tRNA?" refined by Sussman and Kim (personal 
communication). The resulting spectrum (Fig. 3B) compares 
very closely with the original (Fig. 3.4). Since the NMR spectrum 
of tRNA?" can be quite accurately calculated from the crystal 
structure coordinates simply by summation of the ring currents 
arising from each aromatic substituent in the molecule, there 
must be a very high degree of similarity between the solution 
and crystal structure 


Resonances from secondary 
structure base pairs 


A base pair hydrogen bonded proton will experience deshielding 
ring currents from the aromatic rings of the donor and acceptor 
bases. If the distance between the donor and acceptor bases 
varies slightly, as they do ın the refined crystal structure co- 
ordinates (2.8-3.1 A), there will be slight alterations in the ring 


-11 


current shift. Since it is not clear, however, that these differences 
are physically meaningful at the current level of resolution of 
the X-ray coordinates, they have been ignored in the present 
calculations Any error which results from this approximation 
will be small since the differences ın degree of deshielding 
originating from these slight changes amount to only a few Hz. 
Deshielding also arises from the electronegative atoms of the 
hydrogen bond as stated previously. Since it is impossible to 
determine accurately the hydrogen bond strengths and correlate 
them with deshielding effects we have again assumed that the 
deshielding arising from the hydrogen bonded situation of the 
proton is the same for a given type of base pair. Thus the 
starting position for a proton in each type of isolated base pair 
is allowed to be a variable in the optimisation procedure 
discussed above. The parameters found were — 14.35 and -- 13.54 
p.p.m. for Watson—Crick AU and GC base-paired hydrogen 
bonded. protons, respectively. 
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Resonance from AW base pair 

The aromatic ring of the “Y” base is stacked in the anticodon 
loop, one ring removed from the Ay base pair. In the present 
calculation the ring current shift arising from this base was 
calculated using the ring current value provided by B. Pullman 
(personal communication). The total ring current shift ex- 
perienced by the Ay hydrogen bonded proton is 0.24 p.p.m. 
In studies of the anticodon' fragment of yeast tRNAP"S, 
Lightfoot et al.” found the Ay resonance occurring in region c 
of Fig. 2 and set the starting position at — 13.5 p.p.m. We find 
that the Aw could occur in either region b or c depending on 
the starting position and the magnitude of the ring current shift 
which the proton experiences. In the absence of other infor- 
mation, therefore, we prefer to rely tentatively on the fragment 
studies and assign’ the resonance to region c with the Ay 
starting position in the region of —13.5 p.p.m. 


Resonances from tertiary 
structure interactions 


The calculated resonance positions marked ın Fig. 3 show that 
the two protons in region a, and one each in regions b, c, d 


and e are not normal Watson-Crick AU or GC secondary ' 


structure resonances Having assigned A¥ 31 to region c in the 
previous section, the tertiary interactions must generate reso- 
nances in the remaining regions. The tertiary structure inter- 
actions involving U8-A14 and T54-A58 are of the reversed 
Hoogstein type (see Fig. 4b). These two tertiaries experience 
approximately the same ring currents as do the hydrogen 
bonded protons of AU5, 6 and 12 (see Table 2). If the AU 
offset is the same for both Watson-Crick and reversed Hoog- 
stein base pairs, five protons fall into region 6 and none into 
region a of Fig. 1. It 1s probable, however, that protons in the 
reversed Hoogstein arrangement have a starting position 
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Fig. 4 Comparison of Watson-Crick AU base pairing (a) and 
reversed Hoogstein AU base pairing (b). 


to lower field than Watson-Crick AU protons. In the reversed 
Hoogstein arrangement (Fig. 4b), the hydrogen bond acceptor 
is N7 of the five-membered ring instead of N1 of the six-mem- 
ered ring. It has been shown by calculations on the tautomeric 
forms of purines? that the ring currents in both the hexa- 
gonal and pentagonal rings are a factor of 2-3 higher if a 
proton is attached to the N7 compared with the N1. The change 
in ring currents on hydrogen bonding N7 in place of N1 is 
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expected to be in the same direction. Thus the deshielding 
experienced by the proton in the reversed Hoogstein pair is 
expected to be greater than in the Watson—Crick base pair and 
the starting position should occur at lower field. Setting the 
reversed Hoogstein AU offset at —14.9 p.p.m. places the two 
tertiaries U8-A14 and T54-A58 in peak a at —14.4 p.p.m. 
A lower field starting position for the reversed Hoogstein base 
pair may also arise from a localisation of positive charge on the 
five-membered ring when hydrogen bonding’occurs at N7. In 
contrast, the positive charge which develops when hydrogen 
bonding occurs at N1 in a Watson—Crick arrangement may be 
withdrawn from the ring by resonance interaction with the 
NH, group. A higher degree of positive charge on the ring 
would result in greater deshielding and a lower field ‘position 
for the reversed Hoogstein AU base pair proton. 

Figure 5 shows the remaining tertiary structure interactions 
which are likely to give rise to resonances in the —15 to —11.5 
p.p.m. region of the NMR spectrum. Since G19-C56 is a normal 
Watson-Crick base pair we have used the standard GC starting 
position of — 13.54 p.p.m. which places the resonance from this 
base pair in region d (see Fig. 3). Only one proton each in 
regions b, d and e remain unaccounted for. Allowing for the 
strong deshielding ring currents which, should arise from both 
rings in the tertiary base pair m;G26-A44, the starting position 
for this resonance should certainly be lower than a normal 
Watson-Crick GC and may be more nearly the same as a 
Watson-Crick AU ‘proton resonance. Therefore, we have 
tentatively placed m3G26-A44 in peak b with a starting 
position of — 14.2 p.p.m. The G22-m? G46 interaction (Fig. 5), 
is of the reversed Hoogstein type. By analogy with the argu- 
ments presented for the AU reversed Hoogstein resonance 
starting positions we expect this GG reversed Hoogstein offset 
to be to lower field than a Watson-Crick GC starting position. 
The difference between a Watson-Crick and a reversed Hoog- 
stein AU offset is 0.55 p p.m. With the G22-m’G46 resonance 
assigned to region d at — 12.47 p.p.m. the GG reversed Hoog- 
stein interaction has a starting position of —14.2 p.p.m. 
(0.65 p.p.m. to lower field than the Watson—Crick GC inter- 
action). The ring NH of G15 hydrogen bonded to the 
exocyclic oxygen of C48 should be less deshielded than a normal 
Watson—Crick GC and we have tentatively assigned this proton 
to region e as indicated in Fig. 3 with a low field starting position 
of approximately — 12.1 p.p.m. 


Comparison with previous NMR data 


The original analysis of the yeast tRNA*®® NMR spectrum 
was made with considerable help from NMR spectra of frag- 
ments of the individual helices®. Since the helical region structure 
was expected to be fairly stable in the presence or absence of 
the rest of the molecule, the spectra obtained were assumed 
to reflect the resonance positions of the base pairs for a given 
helix in the intact molecule. If one compares the fragment data 
with the assignments which have evolved from the present 
calculations of the secondary structure resonance positions, 
it is immediately evident that the present assignments are in very 
close agreement with the fragment data. The only noticeable 
deviation is the assignment of GC 13 in the DHU helix which 
was originally assigned to one of the two highest field reso- 
nances. Our calculations show, however, that GC 13 suffers 
very little upfield shift (see Fig. 3 and Table 2). 

The major change which must be made as a result of these 
studies is that the Watson—Crick AU starting position is changed 
to —14.35 p.p.m. In the early studies, without knowledge of 
AU tertiary structure resonances it was necessary to set the 
offset to lower field to account for the resonances which 
occurred below —14 p.p.m. This, however, necessitated raising 
the A and G ring currents 20 % above published values. 

The results of removing the sulphur from thiouridine in 
E. colitRNA,Y™ (ref. 11) provide further support for assigning 
the resonances in region a of Fig. J, to the tertiary AU re- 
sonances. When the sulphur was removed from s,U8 by cyano- 
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gen bromide treatment the resonance ‘which occurred at 
—14.9 p.p.m. in the NRM spectrum of E. coli tRNA,’" 
disappeared and was replaced by a new resonance at — 14.2 
p.pm. This treatment should have changed a s,U8-Al14 
tertiary base pair into a normal U8-A14 tertiary base pair 
as we .have in, yeast tRNA?P**, The new resonance which 
appeared was located very close to that which we have assigned 
to the U8-A14 tertiary in the present spectra. 

Kallenbach er al.1* observed resonances at — 13.8 and — 13.2 
p.p.m. when studying AMP interacting with oligo(U,,). 
Assuming the Watson-Crick AU offset of —14.6 p.p.m. 
originally used by Shulman et a/.§, the — 13.8 p.p.m. resonance 
was assigned to ring NH-:-:N Watson-Crick interactions 
while the —13.2 p.p.m. resonance was assigned to hydrogen 
bonded protons in the reversed Hoogstein interactions. The 
offsets proposed in this paper reverse the order of these assign- 
ments. Furthermore, when these offsets are used in conjunction 
with new ring current shift tables (Robillard eż al., in prepara- 
tion) the position of the Watson—Crick and reversed Hoogstein 
resonance interactions for this polymer are predicted to occur 
exactly at the observed positions. 

In their studies of ribosyl ABApGpCpUpUp double-stranded 
helix, Kan et al.” observed an AU resonance assigned to the 
internal AU base pair. At 0° the resonance occurred at — 14.2 
p.p.m. Since this base pair proton is expected to receive an 
upfield shift of approximately 0.5 p.p.m. from the neighbouring 
G, it would seem that the present starting position’ of — 14.35 
p.p.m. for a Watson—Crick AU base paired proton resonance 
is incorrect. It should be realised, however, that thetemperature- 
dependent measurements of this fragment show a continuing 
shift as a function of decreasing temperature even after changes 
in the resonance line widths have ceased. As has been shown", 
this could arise from a structural change in the helix geometry 
(fraying'effects). Thus it is likely that these fragments studies 
are not directly comparable with studies on larger polymers. 


Conclusions 


Table 3 contains the resonance positions of the sisters in the 
observed spectrum and compares them with those which we have 
calculated using the offsets given at the bottom of the table and 
the ring current shifts in Table 2. The r.m.s, error between the 
resonances in the two columns is less than 0. 05 p.p m. (18 Hz) 
when orily the 20 secondary structure resonances are included. 
The agreement between the calculated and observed positions, 
which is even within the observed linewidth, can be considered 
as very satisfactory since in the optimisation procedure only 
five adjustable parameters were used to calculate 20 relative line 
positions. These parameters were the four ring currents and the 
difference between the AU and GC starting positions. The 
deviations which are still observed may well represent slight 
differences between crystal and solution structure. They may 
also arise from a slightly incorrectly refined structure in one 
part of the molecule. Further experiments are in progress to 
examine these possibilities as well as the accuracy of our 
optimised ring currents and starting positions for the individual 
base pair types. 
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The 21-cm absorption line in NGC1275 


De Young, Roberts and Saslaw detected HI absorption in 
NGC1275 with a velocity of 8,120 km s—. This is ~ 3,000 km 
s™ larger than the. systemic velocity of NGC1275 and is the 
same as that of the enigmatic system of gas filaments extending 
40” from the nucleus’. The observations of De Young et al. 


were made with a single dish with insufficient angular résolution ` 


to determine. which of the various radio continuum sources 
were being absorbed. They argue that the absorption is probably 
occurring in the components < 0.2” rather than‘in the 5’ halo 
component, but they were unaware of an intermediate scale’ 
30” component‘. Here we present observations made with 
sufficient angular’ resolution to decide unambiguously between 
these possibilities. Our data can also be used to place a limit on 
the HI mass of possible foreground objects which could be 
causing the absorption. 
Table 1 Flux densities in each channel 


' Average flux densitiest Relative flux densities} 


cAA/ho* (Jy) Qy) : 
(km s~4) ‘short’ ‘long’ . ‘short’ - ‘long’... 
(50) (207) (50) _ (20%) 
8,085 10.86 937 —0.039 —0.053 
8,126 , 10.62 9.14 0.285 —0.291 
8,167 10.89 9.41 —0.013 —0.017 
8,209 10.91 " 9.42 —0.016 —0.008 
8,250 10.91 ‘9.42 “+ —0,004 —0.006 ' 
8,291 10.91 9.43 + 0.005 0.001 
_ 8,332, _ 10.92 9.43 0.011, 0,004 . 
8,373 10.90 9,43 —0.011 0.001 





* Corrected to heliocentric. 


f Calibrated with respect to 3C48 ‘and 3C147 ees ‘flux’ 


densities 15.91 and 21.90 respectively). The errors in these values 
are +(0.007+ 1%). 
ł With respect to the channels with the highest four velocities. 


The observations were obtained with the Westerbork. 


Synthesis Radio Telescope and its 80-channel filter spectro- 
meter’. The measurements with the ten shorter baselines 
(36-684 m in 72-m increments) were made on August 11, 1974, 
and those with the 10 longer baselines (756-1,404 m in 72-m 
increments) .on November 15, 1974. The eight frequency 
channels have a half-power bandwidth of .129 kHz (c AA/N) = 
27 km s~) and cover. the range in cAd/A, from 8,085 to 8,373 
km s~. Table 1 gives the amplitudes in each channel averaged 
at the position of the continuum source. For the shorter 
baselines this corresponds to, the flux density from a region ~ 
50” x 75” in- diameter (EW x NS) centred on the nucleus. of 
NGC1275. For the- longer baselines this -is the flux density 
from components < (20” x 30”) at the position of the nucleus. 

For each observation, the variations in amplitude for the 
highest four velocities are consistent with that expected from 
receiver noise, so we have taken the average of these four 
channels to represent the mean continuum amplitude and have 
also tabulated the amplitudes relative to this value. To compare 


our result with that of De Young et al.1,we have convolved their 
profile with our broader bandpass, and we.have used the more 
accurate gain calibration of the 300’ antenna’. This gives an 
absorption ‘of 0.26-L0.02 Jy, in agreement with our value of 
0.287 +-0.006 Jy in the 8,085 km s~¥ channel. . 

Table 2 lists the angular sizes and flux densities of the main 
components of NGC1275 át the epoch of these observations. 
The deepest absorption seen by De Young et al.! corresponds to 
1.4 Jy, so it is possible that this could have occurred in any of the 
three continuum components. Figure ta shows the fringe 
amplitude of continuum emission in position angles 0° and 90°. 
The three angular size scales as described by Miley and Perola* 
are clearly seen. In Fig. ‘1b we show the difference between the’ 
channel contaihing the strongest absorption and the channels 
containing the continuum. It is’ clear’ from this plot that the 
absorbed component is unresolved and we can place a limit of 

< 6” EW and < 9” NS on its angular size. Furthermore, from 
thé interferometer phase we can see that the position of the 
absorbed component is within 1” of the position of the small 
diameter continuum source. 

From this we can exclude the possibility that the major part 
of the absorption is occurring in either the 3’x 4’ halo com- 
ponent or the 30” intermediate component but it is still possible 


Fig. 1 a, The fringe amplitude of the continuum emission from, 

NGC1275 in position angles 0° (x) and 90° (@) plotted against 

the interferometer baseline in wavelengths. Note that the ampli- 

tude scale is offset from zero. b, The difference between the channel 

containing the strongest absorption and the average of the 
. channels containing the continuum emission. 
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Table 2 Flux densities and absorption of the components 


; ‘Absorption 
Component Size* Flux density (Jy) (Jy) Wf 
Compact <0.05” 8.6} . 0.29 3.4 
Intermediate 35” x 12” 2.2 <0.07 <3§ 
Halo 4x3’ fi 2.01 <0.05 <2 





* Half intensity diameters of equivalent Gaussian distributions. 
Major axis position angle 170°. 

f Average over our 27-km s~ bandwidth. 

t Variable—see text. 

§ Upper limits are 3 Xr.m.s. 

T The continuum fringe amplitudes in Fig. 1 also include a contribu- 
tion from NGC1265 at the shorter spacings. 


that a smaller fraction of the total absorption is occurring in 
these components. We can set limits on this fraction by fitting 
Gaussian components of the appropriate sizes to the absorption 
visibility in Fig. 1b. The resulting upper limits which correspond 
to 3 xr.m.s.’are also given in Table 2. Since the. limits correspond 
to a fractional absorption i in the larger scale components ‘less 
than that seen in the compact component we can just exclude 
an ‘absorbing cloud at 8, 126 km s] uniformly covering the 
larger scale components, but we could not exclude a non-uni- 
form cloud. 

Table 3 summarises information from Westerbork on “the 
variability of the continuum emission from the compact 
component at 1.4 GHz. The continuum emission has increased 
by 15% since 1971 and this is ‘similar to the, 10% increase 
between our present value of the absorption and that seen by 
De Young et al.*. The different calibration and velocity resolu- 
tion of these two observations makes this result rather uncertain, 
however. Further accurate’ monitoring of the absorption line 
would indicate whether the continuum component responsible 
for the absorption is the variable component or some other part 
of the complex of small scale continuum structures known to 
be present’. , 

One of the possible hypotheses to explain the absorption i is 
that there is a foreground galaxy or H I. cloud moving towards 
NGCI1275 with a velocity of +3,000 km s~. Such a large 
positive velocity is not impossible if it is a member of the 
Perseus cluster, which has an.r.m.s. velocity dispersion of 1,500 
km s—. To detect such an object; we: can either search: for 
emission at velocities away from the absorption line velocity 
or search for emission from a larger region than that seen in 
absorption. 

Since we do not see any feature in Table 1 exceeding the noise 
level we can set a 30 limit of < 0.024 Jy in a 27-km s~ channel 


on any emission feature in the velocity range 8,167 to 8,373 km - 


s~'. Comparison of the 50” and 20” data enables similar limits 
to be put on any emission at the absorption velocity coming 
from an area of ~ 50” diameter centred on the galaxy. This 
corresponds to 18 kpc for an assumed distance of 75 Mpc for 
NGC1275. 

For a foreground object smaller than or comparable with this 
size with a velocity dispersion AV in km s— our flux density 
limit gives a limit to the mass of neutral hydrogen, Mu 1, of 


Mu < 3x 107 (AV) Mo 


If AV is much greate: than 200 km s~ our limit is less well 
defined since the total profile would be wider than our velocity 
coverage. Thus a galaxy having the same distribution of HI 





Table3 Continuum variability of the compact 
component at 1.4 GHz 





Frequency Flux 
Date (MHz) density (Jy) 
June 5, 1971 1,415 7.340.1 
August 11, 1974 1,383 8.6+0.1 
October 10, 1974 1,415 8.7+0.1 
November 15, 1974 1,383 8.6+0.1 
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velocities as the optical filaments (AV ~ 250 km s~”) would 
have My, < 7.5 x 10°Mo. A late-type galaxy with this profile 
width would have Motai S 8X 10"Mo and Mu œ 6X10°Mo 
(ref. 8), which is just below our present detection limit. 
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New limit on the size. l 
distribution of y-ray bursts ! 


See the discovery of y-ray bursts of aaReoiae origin in "1973 
(ref. 1), about 42 events have been confirmed. All have been 
observed by X-ray -and y-ray detectors on various satellites, 
though a number of unconfirmed bursts have also been observed 
by balloon-borne instruments?. The lack of confirmation in the 
latter cases is not surprising, because of short exposure time and. 
differing sensitivities. The detected flux ranges between about 
3x 10-* erg cm~? for the smallest burst to 5 x 1074 erg cm~? for 


„the largest observed burst. The integral size distribution of these 


events above 10~4 erg cm~? follows an S~ 5 law, suggesting an 
isotropic distribution of the sources. For events with energy of 
less than 10-* erg cm~*, however, the observed distribution 
seems to flatten out, and the choice of number index (a=0.5, 1.0 
or 1.5) in this region is not strongly supported by experimental 
results. ' 

We present here a new upper limit for thg number of bursts 
which deposit more than about 2x 107 erg cm~? in the energy 
range 100-1,000 keV. The result indicates the direction in which 
future y-ray burst experiments might go. 

Our instrument comprised a 125-mm Nal(T1) detector 10 mm 
thick, shielded from photons originating in the lower hemisphere 
by a graded shield. The pulses were analysed in four integral 
channels between 40 and 1,000 keV. The prescaling factor and 
the sampling rate for each channel was matched to the available 
telemetry capacity. The counting rate between 100 and 1,000 keV 
was sampled every 0.6 s, for 300-1,000 keV and 600-1,000 keV 
every 2 s, while counts between 40 and 1,000 keV were read out 
6 times in 5 min. The instrument was flown’ as‘a piggy-back 
experiment on the first transatlantic balloon flight launched at 
0505 ut on August 15, 1975 from Trapani, Sicily (38°N, 13°E). 
The balloon reached a ceiling altitude of about 3.0 g cm~? ‘at 
0740: uT, and floated for 78 h before being cut down over 
Kentucky, USA®. The data were transmitted using a high- 
frequency radio link and were recorded at two ground stations,: 
one in Sicily and the other in Chesapeake Beach, USA. The 
region of sky observed during this flight included a complete 
band across the celestial sphere defined by.}5=+38+60°. 

The counting rates observed in each energy channel indicated 
the perfectly normal behaviour of the instrument. The changes in 
the detector counting rates from-time to‘time were well under- 
stood in terms of variations in the residual atmospheric depth 
and other detector parameters. Since this transatlantic flight was 
the first ‘of its kind, good scientific data were obtained for only 
about 70% of the time at float altitude. The loss of data arose 
mostly from the‘ particular configuration of the high frequency 
communications system used on this proving flight. The criterion 
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Fig. 1 Observed data of y-ray bursts along with the results 

reported here. The limits defined by Cline er al. are those presented 

in ref. 5. Solid line, modified galactic distribution, S~’ with a 

break point around 5 x 10~* erg cm~* and the dotted lines repre- 

sent the form No S~a where a= 0.5 (a), 1 (6) or 1.5 (c) for one-two- 

and three-dimensional distribution; stepped line, Vela events; @, 
ref. 2; thin arrows, ref. 4; thick arrows, our results. 


for the detection of a burst was that the counting rates per 
interval should each increase by more than 30 above the back- 
ground rate in at least three successive 0.6-s intervals. No candi- 
date burst event could be found in the data. Such an excess 
would have corresponded to a signal strength of 0.36 photon 
cm~? in the energy region 100-1,000 keV. This is equivalent to 
0.1 photon cm~* in terms of the Vela detector threshold, 
assuming an E~* differential photon spectrum. Figure 1 shows 
the logN—logS distribution observed for Vela events along with 
the upper limit derived from this experiment. It can be seen that 
the limit is a factor of 5 lower than that expected from an S~ 
distribution and about 100 times smaller than the value expected 
from an S: number distribution. A 95% confidence upper 
limit would be higher than the plotted value by a factor of 3. That 
limit is still lower than that expected, even on the assumption 
of a two-dimensional distribution of burst sources. The present 
results favour the S~° spectrum for y-ray bursts. 

The results seem to demonstrate that the bursts are not of 
extragalactic origin, otherwise they would give an isotropic dis- 
tribution. Similar conclusions have been suggested by Strong 
et al.” on the basis of the general features of observed y-ray 
bursts. A galactic distribution of nearby sources would follow 
an S~'* distribution for sources up to 300 pe, which is typical 
of the thickness of the galaxy. It would then change to an S~ 
distribution for sources up to 3 kpe, which is the distance to the 
galactic anticentre, and then tend towards an S$ distribution 
beyond that point. If the break point at 10—* erg cm~? in the 
Vela data is genuine, and occurs because of the limited thickness 
of the galaxy, then one would also expect to find a less defined 
change of slope at about 10~* erg cm~*. On this basis, the 
expected number of bursts would be about 3 times greater than 
the upper limit obtained in our detector. But a pure disk popu- 
lation of burst sources with an S~ distribution, and with a 
Gaussian distribution in its intrinsic source luminosities, would 
have a steeper slope on the logN-logS curve for energies 
greater than that expected from the mean luminosity. A logN— 
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logS distribution has been calculated for such a disk population 
with a mean luminosity corresponding to a detected energy of 
10~* erg cm~*. This also includes a further flattening between 
10~° and 10~* erg cm~? which arises when sources are at a 
distance of 3 kpc. 

We believe that our results are consistent with a size distribu- 
tion of S~'> above 10 ~ erg cm~? and S—™* below this energy, as 
determined for the Velz bursts. A distribution function obtained 
from a galactic population with a Gaussian spread in intrinsic 
luminosities having a break point at~ 5 x 10 erg cm~? would, 
however, also be compatible with our data. The break point at 
10~* erg cm~? in the case of the Vela events may arise because 
of the characteristics of the Vela detection system, since it is 
optimised for events having a fast rise time. A slowly rising 
burst could escape detection. For example, the event of April 27, 
1972 was seen by Apollo 16 but was not detected by the Vela 
satellites. 

In view of the two competing spectra, S5 and S~, modified 
by a Gaussian distribution in luminosities, a reduction by a 
factor of about 10 in the limit obtained by this experiment is 
needed to establish the true nature of the source origin. Clearly, 
reducing the threshold sensitivity much below that of the present 
detector has little advantage, whereas the extension of the 
observation period reduces the limit in direct proportion to the 
flight length. Exposure times of up to 500 h could be obtained 
in relatively few flights using the techniques developed for the 
transatlantic balloon facility. It is important that some of the 
future long duration flights should be made in the Southern 
Hemisphere, where the galactic centre would pass within the 
field of view of the detectors. When quasi-oninidirectional 
detectors are used, it will be necessary to qualify any result on 
the size spectrum of y-ray bursts with information on the sky 
coordinates of the region observed. The true form of the size 
spectrum is of extreme importance in the development of theories 
to explain y-ray bursts. Some attempts at a theoretical explana- 
tion of this class of event have been made, but any quantitative 
picture will change drastically if the size spectrum follows either 
of these two distribution or, in the extreme case, if the distribu- 
tion has a cutoff at lower energies. 
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Palynomorphs indicating 
Permian rocks in Ethiopia 


Karroo (Carboniferous to Triassic) strata have been 
reported in Ethiopia’, but without firm documentation. 
Other sediments lying on the crystalline basement but 
beneath the Jurassic Adigrat Sandstone? may also be of 
Karroo age**. To our knowledge, however, the occurrences 
reported here are the first palaeontologically substantiated 
records of Permian strata in Ethiopia. Localities are shown 
in Fig. 1. 
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Fig. 1 Localities of post-Precambrian and pre-Jurassic (pre- 

Adigrat) strata in Ethiopia. a, Kari sandstone; 6, Gilo sand- 

stone; x, probable Karroo; x, pre-Adigrat; ?, Adigrat ?; numbers, 
references. 


Several outcrop areas of apparently unfossiliferous 
fluviatile sandstones and conglomerates were discovered in 
western Kefa and Ilubabor Provines, south-western 
Ethiopia, in 1974 during reconnaissance mapping’ The 
sediments are consolidated, tilted, and faulted; they lie un- 
conformably on late Precambrian(?) crystalline basement 
and are overlain by mid to late Tertiary basalts with shallow 
angular unconformity. They differ distinctly in facies and 
thickness from the red, residual conglomeratic sandstone, 
generally less than 10m thick and of unknown age, that 
marks the basement-basalt unconformity to the south- 
east*'™™, Samples suitable for palynological analysis, taken 
from two localities 125km apart (Fig. 1, a and b), yielded 
identifiable Permian miospores. At locality a, the Kari 
sandstone, comprising at least 30m of fluviatile sandstones 
with minor conglomerate and siltstone, occurs in several 
small outcrop areas, in part fault bounded, in which the 
strata dip gently south-westwards. Miospores are common, 
but most are corroded, broken, and dark brown to black, 
indicating a relatively high degree of thermal metamor- 
phism of the organic material, and some post-depositional 
oxidation. On prolonged laboratory oxidation they became 
sufficiently translucent to allow identification of the follow- 
ing: Alisporites sp.; Granulatisporites micronodosus Balme 
and Hennelly; (?)Horriditriletes ramosus (B. and H.) 
Bharadwaj and Salujha; Klausipollenites schaubergeri 
(P. and K.) Klaus (Fig. 2c); Kraeuselisporites sp.: Parasac- 
cites sp. (Fig. 2a); Protohaploxypinus sp. (Fig. 2b); Stria- 
topodocarpites sp.; Vittatina sp. (Fig. 2d); and V. (?) 
costabilis Wilson. As the fossils were difficult to identify 
because of rather poor preservation, no information on the 
quantitative composition of the assemblage was obtained. 
On broad comparisons, the assemblage is like those from 
the Lower and Upper Permian of Gondwanaland in its 
relatively high percentage of Striatiti. It also resembles 
those from the Upper Permian of Europe in the presence of 
Klausipollenites schaubergeri. Thus, like Upper Permian 
assemblages of Gabon’, it seems to be somewhat transitional 
in composition between Gondwana and European assem- 
blages. 

At locality b (Fig. 1), the Gilo sandstone occurs in two 
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Fig. 2 a-d, Miospores from the Kari sandstone: a, Parasaccites 
sp. (GSC 45731); b, Protohaploxypinus sp. (GSC 45732); c, 
Klausipollenites schaubergeri (P. and K.) Klaus (GSC 45733); 
d, Vittatina sp. (GSC 45734). e-h, Miospores from the Gilo 
sandstone: e, (?)Nuskoisporites gondwanensis (B. and H.), 
(GSC 45735); f, (2) Pallidosporites magnus Schaar. (GSC 45736); 
g, (2?) Marsupipollenites sp. (GSC 45737); h, (2)Divarisaccus sp. 
(GSC 45738). Numbers in brackets refer to specimens in the 
National Type a Geological Survey of Canada, 
ttawa. 


basins separated by a north-westerly-trending basement 
arch. The poorly exposed south-western occurrence, 100 
km’ in area, is a homocline faulted against basement on 
its south-west side, and may contain as much as 1,500 m of 
strata, unless it is repeated by unrecognised faults. The 
north-eastern basin plunges gently north-westwards, and 
contains at least 300m of strata, sparsely exposed within a 
250 km’ area. Calcite-cemented feldspathic quartz sand- 
stones predominate, with interbedded arkosic conglomerate 
in the basal part. The transportation direction in both 
basins is mainly to the south-west. Miospores are relatively 
rare in the available sample from the north-eastern basin. 
In contrast to those from the Kari sandstone, they seem 
to have been little affected by thermal metamorphism, 
being brownish yellow without laboratory oxidation. The 
following were recognised: Alisporites sp.; Cordaitina sp.; 
(?)Divarisaccus sp. (Fig. 2h); Kraeuselisporites sp.; (?)Mar- 
supipollenites sp. (Fig. 2g); (?)Nuskoisporites gondwanensis 
Balme and Hennelly (Fig. 2e); (?)Pallidosporites magnus 
Schaarschmidt (Fig. 2f); Parasaccites sp.; and Protohap- 
loxypinus sp. Most specimens are corroded, and this, 
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coupled with their relative rarity in the studied sample, 
makes precise age determination difficult. Therefore, as with 
the Kari sandstone sample, it is only possible to determine 
the age in broad terms from the palynological data. Striate 
pollen are rare, and large, radially symmetrical mono- 
saccate forms comprise a greater proportion of the assem- 
blage than in the Kari sandstone, suggesting a closer 
affinity with Lower rather than Upper Permian assemblages 
of the Gondwana region®™**. This suggestion is supported by 
the observation of a single specimen of (?)Nuskoisporites 
gondwanensis Balme and Hennelly (Fig. 2e; (?)=Parasac- 
cites sp. of Segroves’®). 

The limited miospore assemblages we have studied from 
the Kari and Gilo sandstones, although evidently Permian 
and similar to those of the Gondwana Province, can be 
cautiously dated more precisely as late and early Permian, 
respectively. Considering that the samples reported here 
were not collected specifically for palynological studies, 
however, it seems reasonable to predict that samples col- 
ected primarily for that purpose would give a better yield 
of palynomorphs and enable a more precise determination 
of the age and geological history of Permian strata in this 
part of Ethiopia. 

In western central Ethiopia, 300-400 km north-east,of the 
Kari and Gilo sandstones, large tracts of clastic sediments 
have been mapped as Adigrat Sandstone’, although pre- 
Adigrat sediments are known’” or suspected to be present 
locally. The term Adigrat Sandstone was at first applied col- 
lectively to sandstones lying in the same stratigraphic posi- 
tion in northern Ethiopia’, but later work?" has shown that 
parts of the original unit, namely the Enticho Sandstone, the 
Edaga Arbi Tillite, and the Enguya Sandstone, are older 
than the basal clastic sediments of the Mesozoic marine 
transgression, to which the name Adigrat Sandstone has now 
been restricted’. The Adigrat Sandstone as redefined is 
Jurassic and is known to thin westwards beneath its cover 
of marine limestones’, although its rapid thinning to the west 
where overlying limestones are absent may be attributable 
in part to later erosion. On the basis of the occurrence of 
Permian strata in south-western Ethiopia reported here, and 
the recognition of pre-Adigrat sediments to the north-east, it 
seems likely thatemuch of the apparently thick sedimentary 
succession mapped as Adigrat Sandstone in western central 
Ethiopia may also be of Karroo age. If so, Karroo sediments 
are more widespread north of their formerly recognised 
northern limit than was previously suspected. 
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Radiocarbon dates of Santorini volcanics 


THE caldera walls of the ring-islands Thera and Therasia, 
belonging to the Santorini Group. (Fig. 1) in the southern 
Aegean, are built up of lavas and pyroclastics, among which 
pumice layers are particularly striking (Fig. 2). The top 
layer (Bo, abbreviated from the German term “oberer 
Bimsstein’’’) comprises air-fall pumice and ashes, overlain 
by thick pyroclastic flows’*. It was produced by the 
catastrophic outburst of the Thera volcano in late-Minoan 
time, which culminated in the collapse of the Santorini 
caldera‘. The declire of the Minoan civilisation around 
1500 gc has been attributed to these volcanic events’. The 
Upper Pumice Series buried late-Minoan settlements on 
Thera and Therasia, and an important settlement near 
Akrotiri in the southern part of Thera is still being 
excavated’. The Upper Pumice Series rests on an old soil 
horizon ‘(black layer in Fig. 2) in which remnants of late- 
Minoan houses were found in 1869 (ref. 7). Wood from 
such houses found at the base of the pumice quarries south 
of the town of Fira has provided radiocarbon dates of 
3,370+100 yr b.p. (ref. 8). This age coincides exactly with 
archaeological data for the destruction of late-Minoan 
settlements on Santorini’. 

The Bo palaeosol is spread all over Thera and Therasia. 
Its thickness localiy reaches 34m, for example, on 
Therasia, where carbonised plants have been found in its 
lower parts. “C dating of these plants has given an age of 
12,950+756 yr b.p. The palaeosol horizon rests unconform- 
ably on a small sequence of welded tuffs and slightly welded 
pumice flow deposits. A maximum thickness of 12m for 
these ignimbrites occurs in the southern part of Thera. The 
walls of the partly excavated late-Minoan town near 
Akrotiri are founded on these ignimbrites. “C ages of 
charred trees which sporadically occur in the pumice flow 
deposits forming the lower part of the ignimbrite- series 
have provided “C dates of 18,050+340, 18,165+210 and 


Fig.1 The Santorini Group in the Aegean Sea, Greece. The old 

ring-islands Thera and Therasia surround the late-Minoan 

Santorini caldera and the post-Minoan Kameni islands. P, 
location of the schematic profile (Fig. 2). 
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18,880+230 yr b.p. (ref. 3). The ages show that an excep- 
tionally long interval of about 15,000 yr without any volcanic 
activity on Santorini preceded the late-Minoan outburst. 
During this interval the contemporaneous volcanic top 
layers were deeply decomposed and altered to a thick 
palaeosol. 

The ignimbrite series is underlain by a stratigraphic 
sequence of at least 19 alternating pyroclastic strata com- 
prising mostly dark ashes, cinders, scoriae, pumice, bombs, 
xenolithic lapilli, blocks, and so on. Many of these strata 
can be subdivided into numerous small beds and horizons. 
The total thickness of the complete sequence underlain by 
the Middle Pumice Series (Bm, “mittlerer Bimsstein’’) 
amounts to about 30m. The sequence represents a long 
period of volcanic activity of the Thera and adjacent 
volcanoes with some overlap of their products. Intervals 
of quiescence are marked by some decomposed ash layers 
and fossil soil horizons, four of which are rich in plant 
fossils (Chamerops, Olea, Pistacia, Phoenix, and Tamarix). 
All of these genera still exist among Mediterranean flora. 
This means that during that time the Mediterranean climate 
was the same-as at present. 

Radiocarbon dating of a carbonised piece of tree found 
about 1.5 m under the lower plant horizon ‘in the lower part 
of the pyroclastic sequence, has given an age of 36,700+ 
1,025-950 yr b.p. (determination by the Niedersachsisches 
Landesamt ftir Bodenforschung, Hannover). Another “C 
dating of the same sample (performed in the Geochron 
Laboratories, Cambridge, Massachusetts) has shown an age 
of more than 37,000 yr b.p. Therefore, the plant horizons of 
Santorini can be correlated with the Kalabaki I and II 
interstadial (between 37,000 and 35,000 yr b.p.) demon- 
strated by palynological studies near Thessaloniki in north- 
ern Greece’. 

Twenty distinctive tephra layers, derived from various 
sources”, have been identified in Quaternary deep-sea cores 
of the eastern Mediterranean”. Mellis? has correlated the 
upper tephra layer in the cores collected on the Albatross 
with the Upper Pumice Series on Santorini. 

His correlation has been confirmed by Ninkovich and 
Heezen™, who have identified the Upper Tephra Layer in 
14 cores collected on the Vema. The Middle Tephra Layer, 
which has been detected in Vema core 10-58, has been 
correlated with the Lower Pumice Series (Fig. 2, Bu, 
“unterer Bimsstein”) on Santorini. Based on a “C age of 
17,860 yr b.p., taken from carbonised pumice found on the 
neighbouring island of Anaphi, the Lower Pumice Series 
was deposited’, probably 17,000-18,000 yr b.p. This is in- 
consistent, however, with the age of the Lower Pumice 


Fig. 2 Schematic profile (P in Fig. 1) of the caldera walls of 
Thera, south of Fira. For explanation see text. a, Upper Pumice 
(Bo); b, palaeosol; c, 1gnimbrites; d, Middle Pumice (Bm); e, 
Lower Pumice; f, lavas. Figures denote radiocarbon ages (yr b.p.) 
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Series if the plant horizons (37,000 yr) and their stratigraphic 
position (Fig. 2) are taken into account. According to that 
evidence, that part of the volcanic sequence on Santorini 
which underlies the plant horizons, including the Middle 
(Bm) and the Lower Pumice Series (Bu), must be older 
than 37,000 yr. 

The Middle Tephra Layer of the Vema 10-58 core, how- 
ever, can more appropriately be correlated with the 
ignimbrite series, for which an age of between 18,000 and 
18,500 yr can be fixed. Mineralogical and petrochemical 
characteristics of the Middle Tephra Layer™ correspond 
exactly to the pumice in the lower part of the ignimbrite 
series. The refractive index of the glass is 1.514 (ref. 15), 
about the same as in the Lower Pumice Series. Therefore, 
the refractive index cannot be used as a discriminative 
factor’ between the two pumice series. It may also be noted 
that a layer in the Albatross core 189 has provided an age 
of 17,200+500 yr b.p. (ref. 16), which roughly fits with the 
age of the ignimbrite series. 

Based on the fact that the Middle Tephra Layer is not to 
be correlated with the Lower Pumice Series but corre- 
sponds to the stratigraphically younger Ignimbrite Series, 
the position of the Lower Pumice Series in the deep sea 
cores is still unknown. In any case, the corresponding tephra 
layer must be situated below the “Ischia Tephra”™ (or 
“Lower Tephra”*), which has an age of 24,000 yr b.p. 
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Formation of Hercynian subplates, 
possible causes and consequences 


WitH the exception of the microplate models of Badham 
and Halls' and Riding’? models of Hercynian plate tec- 
tonics?” have assumed the existence of only one plate, that 
is, South Europe, between Africa and the Tethys in the 
south and North America—Europe and the Mid-European 
Ocean in the north. The South European plate has generally 
been considered as a stable unit. Studies of the Alpine 
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Fig.1 Schematic map of the South Europe 
plate and neighbouring plates for the late 
Hercynian time showing subplates, major 
wrench faults, and general structural trends 
within South Europe. Base map after Bullard ° 
et al.” and Dewey et al.. Thick lines = 
continental margins of bordering plates; 
thick arrows = direction of migrating fold- 
belts; thick curved arrows = direction of 
rotation of subplates in respect to Variscan 
subplate. Key to abbreviations: AP = Apulia; 
AS = Amorican 'subplate; B = Bohemia; 
BM = Massif of Brabant; CA = Carnics: 
CC = Cape Cod; CS = Corsica-Sardinia: 
ES = East Sudetan subplate; IS = Iberian 
subplate; LS = Lugian-Silesian subplate; 
MC = Massif Central; MM.= Moroccan 
Meseta; MS = Moesian subplate?; NF = 
Newfoundland; TL = Tornquist Line; 
TM = Tirgu-Mures subplate?; TS = 
Tatride subplate?; UM = Ukrainian Massif; 
-VS = Variscan subplate; a = Elbe wrench 
fault; b = Sillon Houiller wrench fault; 
c = Biscaya—Pyrenees wrench fault. 


system*, however, suggest that such an assumption may not 
be valid: I assume here that during the Carboniferous, South 
Europe was originally an elongated plate with nearly 
straight margins and internal structures. Collision with the 
irregular continental margins of the bounding plates North 
America—Europe and Africa induced subdivision: of South 
Europe: into semi-independent subunits, that is, into sub- 
plates, and formation of major arc-like structures and 
wrench faults. 

Both North America-Europe and Africa were large 
plates. The postulated South Europe plate in contrast was 
characterised by great length and' small but variable width 
compatible with an origin by accretion of new crust at an 
island arc system. In general, the oldest rocks of the plate 
occur within a central ridge that extends from Bohemia 
through’ the Massif Central, Brittany into Iberia and the 
Moroccan Meseta. Distribution of younger rocks to either 
side has been taken to indicate that two fold belts migrated 
away from the central ridge, one towards the north and the 
other towards the south’®"” (Fig. 1). This process has been 
ascribed to the’ oceanward movement of two opposed sub- 
duction zones*'?. Metamorphism ‘and emplacement of 
granites also began in the central ridge and became pro- 
gressively younger towards the plate margins. ý 

Dehydration and partial melting of former oceanic crust 
subducted ‘beneath South” Europe during the Carboni- 
ferous 'may have led to the formation of zones of hot 
partially molten upper mantle material above the opposed 
subduction zones. Diapiric uprise and lateral spreading of 
this material may have in turn caused widespread partial 
melting in the lower crust of South Europe and high 
temperature-low pressure metamorphism of upper crustal 
tocks*. As a consequence South Europe during the ‘greater 
part ‘of the Carboniferous was probably a rather thin and 
hot plate with a rigid crust ~ 20 km thick. In contrast the 
adjacent parts of both North America—Europe and Africa 
did not experience extensive granite emplacement and high 
temperature-low pressure‘metamorphism during the Car- 
boniferous. It can therefore be assumed that the theatflow 
within both plates was lower than under South Europe and 
that both plates were cooler and consequently characterised 
by thicker lithosphere than South Europe. Applying this 
concept, which is of critical importance to the model given 
below, it is likely that the mechanical properties-of the thin 
and hot South Europe plate’ were quite uriusual and very 
different from those of the two major plates bordering it. 
_ Uplift of the crust of South Europe, regional erosion of 
the central zone, formation of intermontane troughs and 
associated volcanism were also probably related directly to 
the uprise of hot upper mantle material. Spreading of this 
material caused ‘migration in the onset of uplift, erosion, 
trough’ formation and volcanism”. This activity persisted 
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into the Lower Permian in gpite of the cessation of sub- 
duction in Upper Carboniferous time because of the col- 
lisions between the South Europe plate and the bounding 
North America—Europe and Africa plates. 

According to McKerrow and Ziegler’ and“ Dewey and 
Kidd” the pre-Hercynian margin of eastern North America 
and southern Britain was formed by rifting during the 
Devonian when northern South America and North 
America—Europe collided and then separated again soon 
after. Subsequently, South Europe and Africa were sutured 
to North 'America-Europe by continent-continent col- 
lisions*®", events which also apparently caused the ter- 


Fig.’2 a, Sketch map of the pre-collision South Europe plate 
with its two subduction zones (thrust lines), the bordering oceans 
» and the irregular'continental margins of North America—Europe 
and Africa. Arrows indicate potential, direction of drift., b, 
Sketch map of the South Europe plate near the end of the con- 
tinent-continent collisions. The South Europe plate adjusted’ to 
the irregular continental margins of the neighbouring plates by 
distortion, that is, formation of subplates: Curved arrows 
indicate sense of 10tation of subplates. 
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mination of subduction of oceanic crust of the Tethys 
further to the east. The suture line, represented by Her- 
cynian fold belts, is not straight, but probably reflects the 
pre-existing form of the North America—Europe continental 
margin. Assuming that the southern continental margin 
of North America—Europe underwent little modification 
during suturing it is likely that its previous form was 
irregular and of a configuration typical of rifted margins. 
There are projections and embayments. Long relatively 
straight segments méet at rather sharp bends in the manner 
described by Dewey and Burke". 

During its northward approach, South Europe eventually 
managed to fit into the irregularities of the southern con- 
tinental margin of North America—Europe. South Europe is 
unlikely to have possessed the required configuration to fit 
the irregularities of the continental margin of the northern 
plate in the manner of a jig-saw puzzle. A more reasonable 
assumption is that the original configuration of South 
Europe was one of almost straight structural trends within 
the plate and also an originally straight northern plate 
margin (Fig 2) This form would be favoured by an origin 
of the plate as a series of island arcs. During collision 
South Europe would have needed to adjust until it even- 
tually fitted all irregularities of the southern continental 
margin of the North America—Europe assuming these were 
relatively unmodified by the collision. Progressive subduc- 
tion of the Mid-European ocean crust between North 
America—Europe and South Europe would have allowed 
the latter plate to collide first with: the southernmost pro- 
jections of the former, then through internal deformation 
and wedging aside of large slices to advance further north- 
wards and finally fit into the embayments of the continental 
margin of North America—Europe. 

During this process, South Europe probably collided first 
with the Ukrainian Massif of Fennosarmatia. Along newly 
forming wrench faults subplates were driven aside and 
rotated, and were left behind by the main ‘part of South 
Europe, which was able to proceed further northwards, 
west of the Tornquist line. Such subplates are the Lugian- 
Silesian and East Sudetan subplates, probably also the 
Hercynian massifs in the realm of the Carpathians, that is, 
the Tatride, Tirgu-Mures, and Moesian subplates (Fig. 1). 
Palaeomagnetic studies of Upper Carboniferous rocks from 
the Bohemian Massif and the Inner Sudetic basin separated 
by the Elbe wrench fault indicate a. late Hercynian rota- 
tion of 17° between these areas’’, This relatively small 
rotation is believed to represent only part of the total 
rotation which is assumed to have commenced before the 
Westphalian. Evaluation of deep boreholes clearly shows that 
a postulated connection between the Rhenohercynian zone 
and Westphalian coal measures of the Ruhr district with 
equivalent zones of the Sudetic Mountains and the Upper 
Silesian coal basin™ does not exist’. This is believed to be 
caused by the disruption of the originally continuous fold 
belt during its formation by collision with Fennosarmatia. 
In spite of this disruption, later development of both areas 
followed similar paths, for example in the deposition of 
the Upper Carboniferous coal measures. 

Another important bend in the southern continental 
margin of North Europe existed at the south-eastern margin 
of the Massif of Brabant, Belguim. South of this, nappe 
structures, unique in the Rhenohercynian zone, were prob- 
ably developed in response to a local concentration of com- 
pressional forces. To the west of this bend there extended 
a large embayment bounded to the west by Newfoundland. 
It is postulated that the South Europe plate reacted to 
contact with this embayment by formation of several sub- 
plates. West of the Variscan subplate, the Amorican and 
Iberian subplates formed, separated from each other by 
major wrench faults, that is, the Sillon, Houiller and the 
Biscaya—Pyrenees wrench faults’. The Amorican subplate 
rotated clockwise relative to -the Variscan subplate and 
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Iberia in turn rotated anticlockwise relative to both the 
Variscan and Amorican subplates, these rotations, to- 
gether with translations, finally resulted in the closure of 
the embayment. This process of rotation of both subplates 
in opposite directions would have caused intense shearing 
stresses and consequent intense internal deformation of 
both subplates. It is assumed that the partially molten and 
thus relatively soft lower crust could have reacted by. plastic 
deformation recorded by the two large basement arcs in 
the Massif Central and in Brittany-NW Iberia whereas the 
more rigid upper crust could have reacted only through for- 
mation of many wrench faults within both subplates”., 
Further analysis of the: wrench fault system should clarify 
the mechanism by which the two subplates moved into the 
embayment. 

Another consequence of this major tectonic event was 
that the south-eastern continental margins of both subplates 
which were originally colinear, were rotated until they 
finally came into contact. In addition, the two fold belts 
situated north-east of the Iberian ridge and south of the 
Massif Central were probably also initially colinear, and 
only during the later part of their evolution, that is, during 
collision of South Europe with North America—Europe, did 
they rotate to face each other, migrate towards each other 
and eventually come into contact in the general region of 
the Pyrenees. It seems quite possible that some crustal 
slices from the southern margin of South Europe were 
driven aside during this subplate collision. Van der Voo” 
recently discussed palaeomagnetic data from some Palaeo- 
zoic Iberian rocks and concluded that Iberia rotated for at 
least 40°, that is the total value of the anticlockwise rota- 
tion of Iberia exceeds its Mesozoic value of 35°. 

To the south-west of the large embayment, the New- 
foundland projection and the bend in the continental margin 
near Cape Cod may have induced formation of major 
wrench faults, and thus the formation of several subplates, 
now located in Morocco, Algeria, and Southern Spain. In 
western Morocco, the general structural trend of the: Her- 
cynian fold belt is NE-SW to N-S. At the northern margin 
of the Moroccan Meseta, between Rabat and Tiflet, how- 
ever, there is a sharp bend in the structures towards the 
east??”*,.Varied structural trends in the Hercynian Massifs 
of NE Morocco and Algeria may in part be due to forma- 
tion of Hercynian subplates. The Iberian and North African 
subplates must have been separated by major wrench 
faults across which large changes in the structural trends 
took place. Collision of the Moroccan, Algerian, and 
Iberian parts of South Europe with Africa probably also 
facilitated the squeezing of South Europe into the -large’ 
Brabant~Newfoundland embayment. 

During collision with elongated South Europe the irregu- 
lar rifted continental margins of North America—Europe 
and Africa are believed, as argued above,- to have induced 
formation of major arc-like basement structures and many 
wrench faults, some of which form the boundaries of sub- 
plates and thus to have produced the diversity in major 
structural trends of the Hercynian fold belt. The postulated 
mechanical properties of the South Europe plate, in. contrast 
to those of the two large plates that flanked it, are believed 
to have enabled South Europe to react in the manner out- 
lined. The force that drove South Europe against the 
flanking plates was apparently not as great as during col- 
lisions associated with the Alpine system. The scarcity of 
large nappes and lack of areas of strong post-collision uplift 
arising from one continental plate overriding another lend 
support to this model. A reason for this could have been 
a reduction in the velocities of the approach of the two 
large plates because of the spread of hot mantle material 
beneath the South Europe plate. 

Late Hercynian formation of intermontane troughs, many 
of which are located on wrench faults, and associated vol- 
canicity commenced in uppermost Viséan time. These late 
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Hercynian processes were very similar on the postulated 
subplates of South Europe, even in post-collision Lower _ 
Permian time. Thus crustal spreading of South Europe took : 
place in a number of different directions simultaneously 
as the subplates in this respect behaved as individual units. 
This again seems to have been possible only if the .force 
driving South Europe against the adjacent plates was. not 
very great.. ; : . 

Two other possible consequences of the model are that 
the formation of the irregularly rifted continental margins 
of North America—Europe and north-western’ Africa might 
have influenced the pattern of subsequent opening in the 
relevant area of the North Atlantic, and ultimately may 
have played a part in the behaviour of South Europe during 
the Alpine cycle of plate tectonic processes. Some of the 
major wrench faults between the Hercynian subplates, being 
major zones of weakness may have been reactivated during 
the opening of the North Atlantic and during the 
Alpine cycle. Some of the subplates were probably blocked 
out and developed into microplates. Thus the heritage from 
the rifted continental margin of North America—Europe 
and the Hercynian plate tectonics may, in part, have caused 
some of the peculiarities of the Alpine orogenic belts, for 
example the numerous microplates described from the 
Mediterranean area’ and some of the arc-like fold belts as 
in the Carpathians. HoT : i 

Revision of an earlier version of the manuscript by I. A. 
Nicholis is acknowledged. ‘ 
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Age relationships along the Hermitage Bay- 
Dover Fault System, Newfoundland ` l 


WE present here geochronological evidence that parts of 
the Central Mobile Belt and the Avalon Zone of New- 
foundland have’ been contiguous since the Ordovician or . 
earlier, and that some time after about 4 Myr, significant , 
movement took place along part of the boundary. 

, Wilson’ has used fossil, lithological, and palaeoclimatic . 
evidence to suggest the existence of a Lower Palaeozoic 
Proto-Atlantic Ocean close to, but not coincident with, the 
site of the present Atlantic. The fossil evidence he cited 
showed that the Avalon Zone (Fig. 1) of the island of New- 
foundland was on the European side of the Proto-Atlantic 
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Fig. 1 Diagram showing the relationship of the Mylonitic and 
Straddling granites to the Hermitage Bay—Dover Fault System. 
The Rb-Sr age data are taken from ref. 8. 


ocean in Cambrian and Lower Ordovician times, whereas 
the Western Platform (Fig. 1) was on the North American 
side of' the ocean. The same evidence also suggested that 
the Proto-Atlantic ocean became narrower later in the 
Ordovician, although to what extent is very much a matter 
of debate. Wilson proposed that closure of the ocean and 
the consequent collision of the opposing continental margins 
was the mechanism responsible for much of the orogenic 
activity in Europe and eastern North America during 
Palaeozoic time, and that the opening of the present Atlantic 
resulted in, transposition of fragments: of the continents, 
such as is found in Newfoundland. Others (see ref. 2) have 
extended Wilson’s original idea. 

The site of closure of the Proto-Atlantic ocean may be 


- marked in Newfoundland by the boundary between the 


Central Mobile Belt (Fig. 1) and the Avalon Zone**, though 
alternative proposals have been made™*. The boundary 
separates a long strip of gneissic rocks and metasedimentary 
sequences (the Gander Zone) from the much less deformed, 
late Precambrian volcanics and sediments of the Avalon 
Zone‘. The proposal has been made that the Hermitage 
Bay-Dover Fault System, a supposedly continuous fault 
system with a length of over 200 km, marks the boundary’. 
Unfortunately, a Jarge part of it is obscured by the Ackley 
City Granite (Fig. 1), which has been dated at 345+10 Myr 
(ref. 8). 

Our geochronological evidence is provided by Rb-Sr, 
total-rock ages from two granites intimately associated with 
the Hermitage Bay—Dover Fault System. The “Straddling” 
Granite, at the head of Hermitage Bay, gives an isochron 
age of 490+10 Myr (Fig. 2a), and the “Mylonitic” Granite, 
adjacent to the Dover Fault, gives an age of 400+30 Myr 
(Fig. 2b). (Both intrusions have yet to receive formal names.) 
The analytical information is provided in Table 1. 

The “Straddling” Granite, as its name implies, straddles 
the boundary between the Gander and Avalon Zones, and 
is cut by a breccia zone 50-100 m wide, which is the most 
southerly expression of the Hermitage Bay Fault. The 
pluton intrudes both the Garrison Hills ‘Gneiss of the 
Gander Zone, and volcanics of the Connaigre Bay Group 
of the Avalon Zone. Although the granite is brecciated, 
(O’Driscoll, private communication) there is no sign of 
mylonitisation. 

The “Mylonitic” Granite’® occurs adjacent to the trace 
of the Dover Fault, which is marked by a zone of myloniti- 
sation 300-500 m wide and at least 20km long’. The fault 
separates the Bonavista Bay Gneiss Complex (Gander Zone) 
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f Table 1 Analytıcal results ; 
Sample Petrographic notes Rb (p.p.m.)* Sr(p.p.m.)* ®’Rb/*Sr (atomic)t' ®’Sr/®Sr (atomic) 
Straddling Medium to fine-grained granite, alkali feldspar mainly 
Granite microcline, some perthite. Euhedral to subhedral 
SG-1 plagioclase (~Ang,), altered to sericite and epidote. 130 214 1.75 0.7158 
SG-2 Anhedral quartz with some serrate boundaries, undu- 119 19° 18.0 0.8367 
SG-3 lose extinction. Some polygonised .grains Accessory 73 20 10.5 0.7779 
SG-4 minerals: epidote, sericite, carbonate, sphene, apatite, 23 92 0.72- 0.7094 
SG-5 chlorite 20 92. 0.62 0.7087 
SG-6 29 ‘132 0.63 0.7087 
Mylonitic Medium to fine-grained granite, alkali feldspar mainly 
Granite microcline, some perthife Granitic'texture still evident 
MG-1 in all but two of the samples. Plagioclase (An2,—An 32) 129 113 3.3 0.7255 
MG-2 altered and fractured, quartz usually anhedral, poly- 102 105 2.8 0.7234 
MG-3 gonised grains common, undulose extinction. Pro- 92 89 3.0 0.7245 
MG-4 nounced cataclastic deformation in MG—4 and MG-5; 72 161 1.30 0.7146 
MG-5 . foliation defined by alternating bands of muscovite and 55 160 0.99 0.7117 
fine-grained quartzofeldspathic material. Some feldspars 
augened, accessory minerals include sericite, epidote, 
chlorite and sphene 
*42% 
t2% at 99% confidence level; A®8’7Rb = 1.47 x 1071 yr 
{0.1% i 


y 


from volcanics of the Love Cove Group (Avalon Zone); 
the latter are considered to be unconformably overlain by 
sediments of the Musgravetown Group (Avalon Zone). The 
granite exhibits a mylonitic fabric close to the fault, and 
there is some evidence for later brecciation. The age of 
400 +30 Myr, we feel, represents the emplacement age of 
the granite and not the age of mylonitisation, since the 
samples dated were cataclastically deformed to markedly 


Fig. 2 a, Rb-Sr isochron for the Straddling Granite: t =490-+- 

10 Myr; R, = 0 7039+0.0006; MSWD, 27. b, Rb-Sr isochron | . 

for the Mylonitic Granite: t = 400+30 Myr; R; = 0.7064+ 

0.0012; MSWD, 1.4. (Uncertainties given ať 95% confidence 
level). (MSWD, Mean square of weighted deviates) 
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different degrees, yet still. define an excellent isochron. 
Samples MG-4 and MG-5 (see Table 1) are the only true 
mylonites; the rest retain their granitic textures. 

The isotopic data from the Straddling Granite are 
consistent with the geological evidence which suggests that 
the Garrison Hills Gneiss and the Connaigre Bay Group 
are both Precambrian™™. The significant finding, however, 
is that the southern portions of the Avalon and Gander 
Zones were in contact by the Ordovician, and it therefore 
seems extremely unlikely that the boundary between the 
Avalon Zone and the Central Mobile Belt represents the 
suture of the Proto-Atlantic Ocean. 

We thank R. F. Blackwood, C. F. O’Driscoll, and D. F. 
Strong for discussion and for samples, J. S. Stevenson for 
technical assistance, and T. J. S. Cole, D. P. Menagh for 
help with the mass spectrometry. The study was funded by 
the National Research Council of Canada. 


e 
JOHN BLENKINSOP 
P. F. Cucman : 
KEITH BELL 
Department of Geology, í 
Carleton University, 
Ottawa, Canada 


Received May 22; accepted June 8, 1976. 


1 Wilson, J. T., Nature, 211, 676-681 (1966). 

2 Dewey, J F., and Kidd, WSF. , Geology, 2, 543-546 (1974) 

3 Anderson, F D., Geol Surv. Can., Map 8- 1965 5 (1965) 

4 Willams, H , Kennedy, M.J, and Neale, E. R W., ın The Ocean Basins and 
Margins The North Atlantic, 2 (edit. by Nairn, A. "EL M., and Stehh, F. G.), 
79-123 (Plenum, New York and London, 1974) 

5 Schenk, P E, Can. J Earth Sci , 8, 1218- 1251 (1971) 

6 Brown, P A., Nature phys. Sci., ‘245, 9-10 (1973). 

7 Blackwood, R. F., and Kennedy, M. J., Can J Earth Sct , 12, 320-325 (1975). 

8 Bell, K., and Blenkinsop;, J , Nature, 254, 410-411 (1975) 

9 Jenness, "S. E., Mem. geol. Surv Can., 327 (1963) 

10 Widmer, K. , thesis, Princeton Univ. (1950). 

11 Wiliams, H, Pap. ‘geol. Sury. Can., 70-65 (1971) 








Upper limit to earthquake size 


CHINNERY and North! have used data relating surface wave 
magnitude to seismic moment, Meo, to convert magnitude- 
frequency statistics for the Earth into a seismic moment 
distribution. For M, values ranging from about 2x10% to 
2x 10% dyne cm they found that their data could be represented 
by 

logN = 17.47—0.61 log Mo (1) 
where N is the number of shallow earthquakes (depth <70 km) 
each year with seismic moment greater than or equal to My. On 
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Table 1 Data on relative plate motion (adapted from Kaula‘) 





Mean 
transverse Contribution 

Length `. Assumed velocity u (dyne to M,(tot) 

Boundary type (km) width (km) (cm yr) cm~?) (dyne cm) 
Ocean subducted under ocean 13,100 200 4.07 6x10" 0.64 x 107° 
Ocean subducted under shelf 22,400 200 5.37 6x10" 1.44x 10? 
Ocean subducted under cordillera 10,700 200 8.32 6 x 10% 1.07 x 107° 
Continent-—continent collision 9,100 200 2.66 6x10" 0.29 x 107° 
Oceanic fracture zone 16,900 5 1.32 3x 10% 3.4 x 1028 
Continent or island fracture zone 9,600 20 0.35 3x 10% 2.0 x 1076 
M (tot) 3.44 x 107° 





the basis of the remarkably good fit of equation (1) to their data, 
they argued that seismic moments considerably in excess of 
2x 10% dyne cm were likely to occur as they did not consider 
it probable that the linear trend stopped immediately beyond 
the last data point. I have used recent results on the movement 
of lithospheric plates in conjunction with equation (1)toestimate 
an upper limit for My. It turns’ out that this upper limit is 
probably not much in excess of the moment of the Chile 
earthquake of 1960 (~ 2X 10% dyne cm) (ref. 2). oe soy 

Nearly all of worldwide seismic deformation occurs at plate 
boundaries (see, for example,, ref. 3). Most of the seismic 
deformation occurs in subduction zones and nearly all of the 
remainder in fracture zones. Brunet and Davies and Brune® 
have shown that seismic failure could account for essentially 
all of the relative motion at these plate boundaries. Accordingly, 
aseismic failure is assumed to be of little importance over the 
interplate boundaries defined by large shallow shocks. 
_ According to Brune‘, the total seismic moment each year, 
Ma (tot), that is consistent with the relative motion of all of the 
tectonic plates i is 

,Q) 


where the summation is over all of the plate boundaries that 
are associated with large earthquakes. At each boundary, p; is 
the modulus of rigidity, D, is the annual relative displacement, 
and L, and W, are the length and width, respectively, of the 
boundary. ' Because the material comprising the interplate 
boundaries has a finite strength, there can be no worldwide 
‘secular increase in elastic strain energy at these boundaries. 
Thus M, (tot) represents the average annual amount of seismic 
deformation that must occur to accommodate the observed 


Mo (tot) = EuD, L: W, 


aM 


interplate motion. Equating the total seismic moment to: 


M, (tot) leads to 


M_(max) = 
Mo [— (aNiaM,)iM, = 


0 


where the integrand is calculated from equation (1),' and 
M, (max) is the maximum possible seismic moment. From 
equation (3) a 
M,(max) = [M,(tot)/4.62 x 1017]2-564 “4 
(Equation (4) is a statistical relationship in that equation (1) was 
based partly on worldwide magnitude-frequency statistics.) | 
To perform the integration of equation (3) it is necessary to 
assume that equation (1) is the correct distribution of M, up 
to Mo (max). If M, (max) is not much in excess of 2x 108° dyne 
cm (the upper limit of the data presented by Chinnery and 
.North?) then this assumption is reasonable. From equation (4), 
then, an upper bound to earthquake moments can be calculated 
if M, (tot) can be estimated from the results of studies of the 
motions of plates of lithosphere. The calculation of M, (max), 
(equation (4)) does not depend on the time meya of one year, 
which was chosen for convenience. o 
Kaula’ presented data on relative plate motions in a con- 
venient form for the calculation of M, (tot). Table 2 of his 


M, (tot) @) 


paper lists the total lengths and mean transverse velocities of 
various types of interplate boundaries. His data for boundaries 
associated with large shocks are relisted here (Table 1) along 
with assumed widths for the zones of contact between plates, 
rigidities and the corresponding moments calculated from 
equation (2). The last column of Table 1 shows that in calcu- 
lations of M, (tot) the contributions from the fracture zones 
are negligible. 

The most critical assumption in the estimation of M, (tot) is 
the width of the zones of contact for shallow underthrusting. 
An average width of 200 km (Table 1) was chosen here on the 
basis of evidence reviewed by Kelleher et al.8. It does not seem 
likely that the average width of contact is less than 150 km or 
greater than 250 km. _ 

From equation (4) M, (max) = 2.75 x 10% dyne cm, which 
is not much greater than the moment of the Chile earthquake of 
1960. For average widths of shallow underthrusting as little as 
150km or as great as 250km the corresponding maximum 
‘moments (equation (4)) are 1.3 10% and 4.9 x 10% dyne cm. 
Thus, earthquakes substantially larger than the Chile shock of 
1960 do not seem possible in view of the bounds associated with 
the relative motion of tectonic plates if equation (1), based on 
about 40 yr of seismic data, is the correct distribution of M, for 
the past 30,000 yr or more; the time resolution of the boundary 
rates in Table 1 is probably no better than 30,000yr (Kaula, 
private communication). There is a possibility that the world- 
wide seismic-slip rate has decreased over the past 70 yr (ref. 5). 
This possibility introduces some uncertainty into the use of 
equation (1) for periods of time much greater than 40 yr. 

I thank L. O. Nicolaysen, S. M. Spottiswoode and D. O’Con- 
nor, for helpful suggestions. 
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Ball lightning in Smethwick 


Batt lightning has been observed on many occasions, but 
there have been few events'* which have provided evidence 
with which to test any of the available explanations of the 
phenomenon. Consequently considerable weight has been 
placed on the “tub of water” event’. The occurrence re- 
ported by Stenhoff® has presented unique evidence which 
enables us to carry out a number of simple calculations. 
The lady concerned describes the fireball appearing 39-40” 
above the floor, then dropping 2 or 3” when she tried 
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to stop it with her hand. It was apparent for ~l s and had 
a diameter of ~4” but also had a halo. 

The position of the hole in the dress is consistent with 
the fireball being ~700 mm above the floor when it struck. 
The hole is 100x70 mm, but the narrowest part indicates 
that the core of the fireball was ~20 mm in diameter. The 
surface of the fabric had melted over an area about 300 mm 
across. 

The material seems to be a polyester which would melt 
at 250 °C and have a specific heat capacity of 1.2 J g K™, 
To melt the material where there is now a hole would 
require 200 J and to melt the surface to a depth of 0.1 mm, 
240 J. Even if this were only 10% .of the total energy, 
it is <10~? of the values quoted previously. Very little char- 
ring had occurred. 

An estimate may be made of the energy radiated by the 
fireball since the lady said that “she seemed to glow all 
over” as the fireball approached. Assuming this sensation 
to be equivalent to a 1-kW radiator at a distance of 0.5 m, 
the flux would be 0.6 kW m™. A body area of 0.6 m? would 
receive 400 J in 1s. An equivalent power would be radiated 
by a spherical black body of 10cm diameter at 950 °C or 
at 3,500 °C for a diameter of 1cm. The thermal energy 
contained in the sphere would then be 2kJ. In a dense 
plasma, radiation trapping reduces the rate of loss of energy 
and thus implies a higher temperature”. Since the ball did 
not convect rapidly, its mean density must have been close 
to that of the ambient air, indicating a confining force 
which if magnetic would require a field ~1.5 T. It is inter- 
esting to note that Brand’ concluded that there was no, heat 
effect with “the type of ball lightning that floats free in the 
air’’. 

It has been proposed that O and "F are formed during a 
lightning discharge™™ but their half lives are 2.1 min and 
66s respectively, so there was no point in measuring B 
activity when the dress became available for examination 10 
weeks after the event. A y spectrum taken over a period of 
1,000 min for energies from 0 to 3.6 Mev produced a total 
count over 400 channels of 1.1 c.p.m. above background, 
implying an activity of 1.6 pCi. No signs of chemical re- 
action were apparent. . 

The lady is alive and healthy, so we know that she has 
not been subjected to harmful ionising radiation. Taking a 
figure of 500 rad as the maximum exposure that may be 
suffered without apparent physiological effect, an upper 
limit of 250 J may be placed on the whole body radiation. 
This energy would be produced by the annihilation of 
10°" g of antimatter at a distance of 10cm, a figure which 
is <10? that discussed in an antimatter theory of ball 
lightning’. 

The burn suffered in the vicinity of the gold wedding ring 
permits another estimate of energy to be made. The burn 
was described as being lighter than.a scald, so it is assumed 
that the skin temperature rose no more than 100 °C. About 
3kJ would heat the surface of the hand (10x10 cm?) to a 
depth of 1 mm. To heat the ring up to 100 °C by an electro- 
magnetic field’ would require a current of 10° A and imply 
an electric component of the e.m. field of 10‘ V cm™™. The 
resonant frequency would be 10° Hz, assuming an inductance 
of 10°°H and capacitance of 10°" F. Although large d.c. 
electric fields are present during thunderstorms, only small 
electromagnetic fields at GHz frequency have been 
measured”. 

These orders of magnitude ‘guesstimates” suggest that the 
energy associated with this fireball is ~107* of that calcu- 
lated previously”. Nothing can be found to support the 
theories based on radioactivity, antimatter or magnetic 
fields Furthermore, the low energies estimated are incon- 
sistent with the assumptions on which some models of ball 
lightning are based. 

I am grateful to Miss Stephanie Pearson for drawing my 
attention to this event, to the lady who suffered the alarm- 
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ing experience, to Dr Desmond MacMahon, Dr R. S. 
Higginbotham, Dr Colin Whitehead for advice and assist- 
ance with measurements, and to Mark Stenhoff for dis- 
cussions. 
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Non-crystallinity of ion-irradiated metals 


Tue preparation of various metals and metallic alloys in a non- 
crystalline state using splat cooling, vapour quenching or 
electrochemical deposition techniques has been reported by 
many authors. A distinguishing characteristic of such amor- 
phous films is a severe modification of the structure factor 
from that of the crystalline state. Although usually formed only 
at low temperatures the non-crystalline state may in some cases 
be metastable to above room temperature, this being particu- 
larly true for alloys near the eutectic. We examine here evidence 
for metastable non-crystalline alloys resulting from ion ir- 
radiation. 

The structural modifcation of metals by ion irradiation has 
traditionally been treated in terms of replacement collision 
sequences or thermal spikes followed by a return to crys- 
tallinity with the freezing-in of point defects. At high ion doses 
the agglomeration of point defects may occur, but the final 
structure is considered to be that of a defected crystal. This is in 
contrast to the behaviour of ion-irradiated semiconductors, in 
which demorphisation, occurs. Since, however, each collision 
cascade causes the temporary displacement of a large number of 
metal atoms and energy dissipation is rapid, the situation locally 
may well be compared with splat cooling, and the formation of 
a non-crystalline state in suitable cases might be anticipated. 
Stephens et al. have reported that Rutherford backscattering 
and channelling analysis of Dy+ implanted into single-crystal 
Ni produced a disorder peak structure which is uncharacter- 
istic of metals, but which can usually be obtained with semi- 
conductors rendered amorphous by ion bombardment. The 
Dy-implanted Ni system was consequently chosen for more 
detailed transmission electron microscopy examination, the 
results of which are reported here. 

In our experiments, high purity Ni samples prepared for 
transmission electron microscopic examination were irradiated 
at room temperature with 20 keV Dy+ ions to doses of 10% 
ions cm~?, thus giving a peak implant concentration of ~ 
30 atom % as confirmed by Rutherford backscattering. Analysis 
using electron diffraction in the TEM shows, in addition to 
Ni matrix reflections attributable to the undamaged crystal 
lying beyond the ion range, a single diffuse scattering maximum 
with a peak intensity scattering parameter s = 2.99 + 0.01 Å ~=, 
and a half intensity width As = 1.10.2 A-. This should be 
compared with the value s=3.085 A- for <111> Ni. Dark 
field images using the diffuse ring show a generally high back- 
ground intensity with occasional resolved crystallites:in the 
30-100 A range. The former should be expected since 
application of the Scherrer particle size broadening equation 
to the measurements quoted already indicated particle dimen- 
sions. of <10 A, which is below the resolution limit of the 
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microscopy. On annealing above ~ 400 °C the diffuse ring sharp- 
ens and widens to a good Ni <111> fit concurrent with the 
appearance of additional sharp rings attributable to higher 
order Ni reflections. Dark-field microscopy confirms the presence 
of large numbers of Ni crystallites 50-200 A in size.» 

Various models of amorphous solids based on the random 
packing of hard spheres with no appreciable order beyond 
first neighbours have been proposed; an alternative model for 
a quasi-amorphous solid is a microcrystalline arrangement in 
which isolated groups of atoms adopt the parent crystal struc- 
ture but are separated by ‘localised energy barriers to re- 
crystallisation. In particular, Wang and Merz? have proposed 
a microcrystalline arrangement ın which atomic groups may 
take up the crystal structure of any one of a number of poly- 
morphic forms, and have correlated the occurrence of non- 
crystallinity with bonding anisotropy and polymorphicity. 
According to this classification, Ni, with three polymorphs, 
should be one of the least structurally stable metals. For very 
small crystals the difference between a microcrystalline solid 
and a true amorphous solid becomes increasingly indistinct, 
although it is interesting to note that the observed increase in 
nearest-neighbour distance in our experiments has also been 
observed by Davies and Grundy? in amorphous N1 films where 
a dense random packing mode] seemed justified. 

Numerous authors have ‘noted the enhanced stability of 
non-crystalline metals when alloyed with other metals or 
metalloids, and Nagel and Tauc*, using a nearly free electron 
approach, have suggested that this stability is attributable to 
a shift in the effective valency, causing the Fermi level to lie 
at a dip in the density of states function. Thus, an alloy with 
concentration x of element valency z, in zı should be most 
stable against recrystallisation when 


1.7% z (1—x)+ zx 


- Substitution of zı=1 for Ni, which as a group VIII element 
may be treated as having only one free electron per atom in the 
liqùid, and z,=3 for Dy gives x=35%, similar to the peak 
concentrations achieved in: the implantations reported here. 
Of interest here are the data of Cullis, Poate and Borders® 
who have obseryed a diffuse diffraction maximum following 
ion implantation of W+ into Cu at concentrations in excess 
of 10 atom%. This figure may be compared with a most stable 
concentration of 14 atom% predicted by the equation given 
here. 
Finally, we have noted the complete absence of a non- 
crystalline phase in Pb* irradiated Ni up to concentrations of 
~ 35 atom %, where z, =2 gives x=70 %. 
Financial support from both NATO and the Science Research 
Council is gratefully acknowledged. The authors also ac- 
knowledge G. Carter for suggesting the study and possible 
interpretation, and discussions with C. E. Christodoulides and 
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Effect of roughness on rubber friction 
when waves of detachment are present 


IN some circumstances, when rubber moves over a hard surface 
no true sliding occurs. Instead, the contact area is crossed by 
waves of detachment’; and it is only in these regions, where 
contact has temporarily been lost, that there is any relative 
motion of the two surfaces. The effect resembles the motion 
of a caterpillar on a leaf. It is now well established that when 
an elastometer slides over a smooth surface in these conditions, 
the frictional force may be accounted for in terms of the net 
work required to peel the rubber away from the counterface 
and readhere it*3. We have now found that waves of detachment 
may be present when the counterface is rough, and that the 
same explanation of the friction force applies. 

The adhesion of rubber depends markedly on the roughness 
of the surface with which it is in contact*®. Slight roughness 
can increase the adhesion compared- with an ideally smooth 
surface, while larger values of roughness can greatly reduce it®. 
When a cylinder rolls on clean rubber, the two surfaces are 
adhering together at the front of the contact and peeling apart 
at the rear. The net work for this ‘process at a given velocity 
may be measured by rolling cylinders down an inclined plane. 

For the friction experiments, silicone rubber was moulded 
to be optically smooth. The counterface was Perspex, which was 
roughened. by blasting with fine particles. The two surfaces 
were brought together in a crossed cylinders :configuration 
with a sliding speed of 1 mm s~. The frictional force was 
recorded, and the waves were filmed at 200 frames s—. 

If T is the net work required to peel apart and readhere unit 
area, A the observed area of contact, and f the number of waves 
crossing the interface per s; then the energy required in 1 s 
may be equated to the work done by the frictional force F 
moving at the sliding speed V thus 


FV=TfA 
Thus, a value of [ may be deduced and compared with r 
measured directly from rolling experiments for the same surface 
at the velocity of the waves. This is done in Table 1, and the 
agreement is fairly satisfactory for a friction experiment. 





Table 1 Correlation between the adhesion energy required to account 
for the frictional force in terms of waves of detachment (T), and the 
adhesion energy deduced directly from rolling experiments (T3) 


Ra F f r Trs 
(um) (N) ‘(S7) (mms) Gm) Gm) 
0.04 ` z 0.156 5.09 10.92 2.40 221 
0.05 * 0 157 5.49 10 56 2.24 2.14 
0.16 f 0157 4.79 12.42 2.57 3.72 
0.30, F 0.164 4.88 10.38 2.63 4.16 
0.95 ‘+ 0.164 3.30 8.92 4.01 4.81 
1.00 tT 0 165 . 4.08 9.31 3.17 5.03 
1.29 T 0.162 3.58 9.90 3.54 503 
1.73 f 0.167 3 50 9.60 3.73 | 3.72 
2.38 t 0.161 3.32 10.22 3.80 4.16 

* 3.09 ł 0.168 4.72 8.56 279 2.84 
3.14 t 0162 ' 4,24 9.74 2.99 3 94 
6.46 i 0.179 4.96 10.94 2.82 2.63 
7.87 t 0.186 6.15 10.71 2.37 1.74 
8.79 § 0.187 7.05 10.54 2.08 | 1.93 
9.20 t 0.184 6.05 10:17 2 38 1.36 


The normal load was 0 1 N and the imposed sliding speed 1 mm s~. 
The results are for a range of roughness measured in terms of the 
centre line average (Ra). F is the frictional force, f the number of 
waves crossing the interface per second, and V the mean wave 
velocity. The rubber was Dow Corning XF-13-523 dielectric gel. 
The surfaces were prepared by blasting with fine particles as follows: 
* untreated; t, glass beads; t, metal particles; §, sand. The correlation 
coefficient for the last two columns ts 0.79. 


382 


At the highest roughness it became difficult to see exactly 
where contact existed. Waves were clearly observed to pro- 
pagate, but it may be that with the low true contact area here 
there is also some interfacial sliding. i 

It is interesting to note that the coefficient of friction does not 
vary markedly with roughness. This is because of two competing 
factors. A Burgers vector, b, may be defined for a wave as 
the interfacial displacment which results when dit Passes. The 
total displacment per sis 


, V=fb 

- When T increases, bigger waves form, and they have a larger 
Burgers vector. Therefore they do not form’so often and! f 
decreases, so that F does not change very múch; 

It has similarly been observed that F may be insensitive to 
change in V, even though T is markedly velocity dependent. 
This may represent a' general result for rubber friction’ when 
waves of detachment are present, that although-the frictional 
force is to be accounted for in terms of the net adhesion energy 
T, changes in IT may have-little- effect on the coefficient of 
friction fora particular elastomer. : 

‘A theoretical: account, which is in preparation, provides’ a 
more detailed explanation’ of these observations. We are 
grateful to Professor D. Tabor for help and’ encouragement, 
and also-to the SRC for an Assist award to G.A.D.B. 
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Learning-like phenomena in stereopsis __ 
WHEN confronted with Julesz random-dot:stereograms' for 
the first time, naive observers often need as Jong as a 
minute or more to see a global figure in depth. With 
repeated exposure to the stereograms this perception time 
is progressively reduced until they begin to see depth almost 
instantaneously’. This acceleration of the “stereoscopic pro- 
cess over successive trials is a remarkable example of 
perceptual learning’’, and unlike many other kinds of 
perceptual learning it seems to be a purely visual effect. 
Further, stereopsis is a basic visual funotion for which 
much of the processing may occur as early as the prestriate 
cortex’. It is important to note that learning-like changes 
can affect such a process, and knowledge of elementary 
visual function may be helpful in determining just what is 
learned. Here I explore the position specificity of stereo- 
learning, and find that in most observers a significant pro- 
portion of the learning that is acquired in one retinal area 
does not transfer to neighbouring areas. One question raised 
by this finding is whether such position specificity neces- 
sarily implies localisation of the learning process to specific 
anatomical areas in the brain. 

The stimulus used (Fig. 1) was a Xerox of Fig. 4.5-3 from 
Julesz’s book*. The global figure portrayed (Fig. 3) was a 
‘saddle’ with a ‘doughnut’ threaded through it (hyperbolic 
paraboloid with torus) and the pattern was composed of 
1,000 x 1,000 ‘disparity elements, of which 90% were white 
and 10% black. The maximum disparity was in the range 
of 30’. 

The stereogram was displayed through a three-channel 
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tachistoscope (Electronics Developments). The two half 
images were carefully aligned before the experiment so that 
the surround had zero disparity, and crossed polaroids were 
used to separate the two eye pictures: The whole Stcreoe ma 
subtended 9° at the viewing distance used. 

A tiny yellow fixation rectangle was displayed (to both 
eyes) through the third channel of the tachistoscope. This 
ensured that the observer was converging on the plane of 
zero disparity in the stereogram. The stereogram was 
mounted in such a way that the fixation spot occupied a 
position between the ‘saddle’ and the ‘doughnut’ portions 
of the global- figure as shown in Fig. 2. This will be 
explained below in greater detail. During the experiment 
the observer was asked to fixate this spot and never to 
move his eyes away from the spot. He was also encouraged 
to move this eyes very slightly within the spot to prevent 


the image from fading. 


Each trial began with the exposure of the fixation 
rectangle. The subject initiated the exposure of the patterns 
by pressing a button on command which also started a 
timer. He was instructed to hold the button pressed until 
he could clearly. see the curved three-dimensional surface 
of the saddle surrounded by the doughnut. A pencil sketch 
of the figure was shown to him. It was emphasised that he 
should use a constant criterion for reporting the emergence 
of the figure, His release of the button stopped the timer 
and recorded his- perception time on that trial. The button 
release also switched: off the stereogram. There,.was then a 
10-s interval before he was required to uate the next 
trial. 

Trials were begun with the ‘saddle’ portion of the glóbal 
figure occupying a position either to the right (seven 
observers) or to the left (seven observers) of the fixation 
point. They were continued until the perception time 
reached an asymptotic value. After the normal intertrial 
interval the whole stereogram was shifted by 2.5°, so that 
the saddle now came to lie,on the opposite side of the 
fixation spot. To ensure that the observer knew exactly 
where to expect the global figure he was told that .the 
stereogram had been shifted. The time course of his learn- 


ing was then followed over a number of trials for this new 


position to the stereogram. 
Fourteen subjects were used and all were naive as to the 


„purpose of the experiment. Some of them had seen the 


‘standard’ Julesz stereogram before, but not complex three- 
dimensional surfaces. 

In Fig. 3 the perception time is plotted as a function of 
trial number for each subject. The line joining the points 
is broken where the stereogram, was moved to a new posi- 
tion. The graphs clearly show the decrease of perception 
time over trials with the initial position of the stereogram. 
_ Change in position produced an increase in perception 
time for 13 of the 14 subjects. In most of these 13 cases 
the time on the first trial for the new position was far out- 
side the range of the preceding asymptotic trials. On sub- 
sequent trials there was a steady decline in perception time 
usually, down to the original asymptotic value. In at least 
nine of the observers the magnitude of change was large 
(20-50 s change from the original asymptotic level) and a 
‘criterion’ shift seems very unlikely. Most of them, on 
being questioned, reported unhesitatingly that they had not 
in fact seen anything during the long latent period on the 
first trial for the new ‘position of the stereogram and that 
they had seen the figure emerge only just before button 
release. These results suggest that a significant proportion 
of the learning that is acquired in a particular retinal area, 
remains confined to that area. 

When interpreting this lack of transfer, however, ‘the 
possible role of nonspecific ‘distraction’ effects must be 
considered. The involvement of such effects seems unlikely 
for the following reasons. The same result was obtained on 
four additional subjects when a ‘distributed practice’ 
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Fig. 1 Random-dot stereogram composed of 
1,000 x 1,000 disparity elements portraying a 
cyclopean hyperbolic paraboloid with torus. 
If the reader has not seen random-dot 
stereograms before, he will notice the long 
latency before the stereoscopic figure emerges 
(about 1.5 min; average for 20 subjects). 
With six orsevenexposures to the same pattern 
the perception time is progressively reduced 
to just 1-2 s. Once the figure has been seen, 
wide conjugate eye movements may be made 
without ‘losing’ the global percept. It would 
seem that although the learning per se is 
position specific, the solution to the global 
stereopsis ‘problem’ is invariant with respect 
to spatial location. 


paradigm was used extending over several days. ‘Long term’ 
stereo learning was found to be position specific to the 
same degree as the short term effects reported above. The 
learning is not specific to the particular random sequence 
of dots used. Changing the random sequence without shift- 
ing the global figure resulted in complete transfer of 
learning. 

The role of eye movements in stereo learning also 
remains to be elucidated. Testing an additional eight naive 
subjects, I found that as soon as they had become skilled, 
seven of them could see complex three-dimensional surfaces 
(for example, Fig. 1) in 150-ms flashes. When the stereo- 
gram was then shifted to a new position, these eight subjects 
showed the same basic relearning effect as the 13 subjects 
in Fig. 3. It seems likely, therefore, that at least some com- 
ponent of stereo learning occurs in the visual centres inde- 
pendent of eye movements. But this point needs to be con- 
firmed using stabilised images. 


+ 


Fig. 2 Sketch of the cyclopean figure which was shown to the 
observers, illustrates the way in which the figure is shifted in 
: relation to the fixation spot. 
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Fig. 3 Perception time on successive trials for 14 subjects. Each 
point refers to a single trial. On some trials the perception time 
was too long to be included in the graph; for these the line 
ending at the top of the plotting area points to the position of 
the data point. Data for each subject plotted to the same scale. 
The line connecting the dots is broken where the pattern was 
shifted between trials. Two of the subjects (c and e) were switched 
back again to the original position of the stereogram after they 
had reached an asymptote on the second position: V, point 
where this change was made. They apparently retained very 
little of the training they had acquired on the first position. 
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It is possible that what the observer initially 
learns is a strategy of vergence movements to bring dis- 
parate portions sequentially into register. As the observer 
becomes more skilled, overt eye movements are eliminated 
and the ‘perception’ of global stereopsis may simply involve 
a subliminal activation of the ‘phase sequence’ of sensory 
and motor elements that were originally driving the ver- 
gence system. This is equivalent to saying that vergence is 
replaced by ‘cortical shifts’ or that the Panum areas are 
permanently ‘extended’ by training. This line of reasoning 
is similar to that used by Hebb’ to explain form perception. 

Visual memory is generally invariant with respect to 
location in the visual field™*; some authors have pointed 
out analogies between holograms and memory and sug- 
gested that the brain may store spatial Fourier transforms 
of visual inputs’. From my finding, however, that stereo 
learning is position specific, as well as from the observa- 
tions of Wallach and Austin’’, it may not be too fanciful 
to suggest that at least some forms of visual memory are 
encoded and stored in specific brain areas in such a way as 
to become unavailable to neighbouring areas. 

There is obviously considerable scope for further experi- 
ments in this field. Most conventional learning paradigms— 
such as massed compared with distributed practice, ‘forget- 
ting’, relearning, and so on—could be fruitfully studied 
using Julesz patterns as stimuli. Such studies could provide 
novel insights into mechanisms underlying perceptual 
memory and learning. 

I thank Dr O. J. Braddick, Dr C. Blakemore, Dr A. 
Baddeley, Professor B. Julesz and A. Adlard for help and 
discussions, 
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Counter-intuitive property 
of effective population size 


CONSIDER an organism with both autosomal and X-linked loci. 
The effective population sizes for an autosomal (Nea) and an X- 
linked (Nes) locus can be shown? to be 


Nea = 4MF|(F+M) (1) 
Nes = 4.5MF/(F+2M) (2) 


where M and F are, respectively, the numbers of reproducing 
males and females in a random-mating population. 

The ratio of the X-linked effective population size to that 
for autosomal loci is, from equations (1) and (2) 


From (3), X-linked loci have only 75% of the effective 
population size that autosomal loci have when males and 
females are equally abundant, and the discrepancy increases 
when males outnumber females, as seems intuitively obvious. 
When there are seven females for every male, however, the two 
types of loci have the same effective population size; when the 
proportion of females is increased further, X-linked loci have 
the greater effective population size. The asymptotic values 
approached by the ratio Nes/Nea are 9/8, as the number of 
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females per male increases, and 9/16, as the number of males 
per female becomes infinitely large. 

The biological significance of the above observation is hard 
to evaluate, but two points can be made. First, many insects, 
particularly parasitoids, have extremely female-biased sex 
ratios, and these species are mostly male haploids*. Second, it 
is now possible to test the influence of effective population size 
on genic diversity, in that preliminary evidence? indicates that 
male haploid and X-linked loci have fewer polymorphisms 
than autosomal loci. If this difference is general and effective 
population size differences are the major cause for it, then it 
should be still greater in male-biased male diploids, but in 
highly female-biased such species’ X-linked loci should be 
more polymorphic than autosomal ones. 

I thank the referee for suggesting inclusion of the asymptotic 
values. 
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Geography of photoperiodic 

response in diapausing mosquito 

IN temperate latitudes, many arthropods rely on photo- 
period to cue their seasonal development. Although the 
relationship between critical photoperiod and latitude is 
well illustrated, that between critical photoperiod and 
altitude remains obscure™?. I wish to consider photoperiodic 
control of dormancy in the pitcher-plant mosquito, 
Wyeomyia smithii, and quantify the relative effects of 
altitude and latitude on the photoperiodic response of an 
organism. 

W. smithii is found from the Gulf coast to Labrador and 
northern Manitoba’™* where it confines its breeding site to 
the water-filled leaves of a single species of plant, Sarracenia 
purpurea. The larvae overwinter in the pitchers in a state 
of developmental arrest. Short days evoke and maintain, 
while long days avert or terminate this diapause’*. The 
photoperiod which promotes 50% development and initiates 
or maintains 50% diapause is known as the critical photo- 
period*+™®*™, In W. smithii, the critical photoperiod is the 
same for the initiation and termination of diapause among 
larvae reared in the laboratory and for the termination of 
diapause among larvae collected during early autumn’. I 
have collected larvae north of 38°N latitude only during 
the autumn (autumn larvae) and south of this latitude only 
during the winter (winter larvae). I packed the autumn 
larvae in ice on the day of capture and maintained them 
on ice until they reached the laboratory where I stored 
them in an ordinary refrigerator at 4+2 °C until the start 
of experiments. All experiments were begun within 45d of 
capture. Since the winter larvae received unknown chilling 
in nature which might have affected the critical photo- 
period™™, I reared them in the laboratory and determined 
the critical photoperiod for the initiation of diapause in the 
F, generation. Whether considering the maintenance of 
diapause among autumn larvae or the initiation of diapause 
among the F, of winter larvae, I exposed them to a range 
of LD 10: 14 to LD 17: 7 in 30-min increments at 25+1 °C. 
Rearing procedures and the criteria for diapause and 
development were the same as in previous studies”. 

I determined the critical photoperiod for 22 populations 
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of W. smithii collected over a range of 19° latitude, 20° 
longitude and 1,200 m altitude. The critical photoperiods 
ranged from 12 to 16h of light per day. (Fig. 1) and were 
closely correlated with latitude (f=14.26; P<0.001) and 
altitude (t=9.25; P<0.001) but not longitude (t=1.71; 
P>0.10). Latitude accounted for 80.5% of the variation in 
critical photoperiod and altitude an additional 15.5%. 
Critical photoperiod may then be estimated from latitude 
and altitude by the least-squares regression equation 


critical photoperiod=6.51+0.185 latitude +0.00129 altitude 


To correlate critical photoperiod with climatic variables, 
I modelled the growing season (mean number of freeze-free 
days) for 26 cities in the United States north of latitude 
30°N and east of longitude 90°W (ref. 14). Although city 
temperatures are not the same as in bogs, they are presum- 
ably correlated**. I found that growing season was closely 
correlated (r=0.97) with latitude (t=15.39; P<0.001) and 
altitude (¢=4.59; P<0.001) but not longitude (#=0.42; 
P>0.60). I then calculated the growing season for each 
locality in Fig 1 using its latitude and altitude and the 
least-squares regression equation relating growing season 
to these parameters 


growing season=585.93—9.33 latitude—0.094 altitude 


I found that growing season calculated in this manner was 
an excellent predictor of critical photoperiod in W. smithii 
(Fig. 2). This degree of correlation between an ecogeogra- 
phic character and a specific climatic variable is unpre- 
cedented. In many other ‘studies'”, the ecogeographic 
characters being examined are affected by a wide range of 
environmental influences which may be changing indepen- 
dently of geography. The photoperiodic response of W. 
smithii tracks climate so closely for several reasons. First, 
photoperiodism is a physiological adaptation concerned 
mainly with the timing of seasonal development; second, 
the low variation in microhabitat offered’ by the leaves of 
Sarracenia purpurea over a wide geographic range permits 
a more direct expression of ‘this adaptation. Third, critical 
photoperiod in W. smithii is a continuous variable over the 
range considered, ‘rather than a discontinuous variable as in 
some other insects”. 

To account for geographic differences in the timing of 


Fig. 1 Relationship between critical photoperiod, altitude and 

latitude. Circles on the regression plane indicate where the 

projections of the data points cross that plane. r = 0.98; 
P < 0,001. 
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Fig.2 Correlation of critical photoperiod with growing season. 

Freeze-free days for each locality were calculated from a least- 

squares regression equation relating number of freeze-free days 

of 26 cities in eastern North America to latitude and altitude. 
r = 0.96; P <0.001. 


phenological events, including seeding and harvest dates 
of winter wheat and insect emergence, Hopkins proposed a 
bioclimatic law” equating a 1° increase in latitude with a 
rise in altitude of 122 m, or somewhat less than my estimate 
of 142 m per °N. My results are not grounds for modifying 
Hopkins’ law and its prediction of phenological events, but 
rather point to the departure from this law by the photo- 
periodic cues which mediate seasonal development. The dis- 
parity between Hopkins’ law and critical photoperiod in 
W. smithii relates to the observation that, for a given date 
between the spring and autumnal equinox, daylengths are 
longer in the north than in the south™*. Consequently, insects 
on a southern mountain should use a shorter daylength to 
enter diapause on a given calender date than will those in 
a population further north which enters diapause on the 
same date. One would then thave to go higher up the moun- 
tain than predicted from the bioclimatic law to find a 
locality where the mosquitoes are using the same critical 
photoperiod as the northern population. Hopkins’ bio- 
climatic law in temperate and north-temperate latitudes 
may thus be expected to underestimate the effect of altitude 


_on photoperiodism. 
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The dispersal of young post-larval 
bivalve molluscs by byssus threads 


NEw observations, both in the marine environment and in the 
laboratory, indicate that the byssus in young post-larval 
bivalves has a hitherto unsuspected function—that of dispersal. 
The method of transport is analogous to the gossamer flight of 
young spiders. In the laboratory,’ small''scale currents will 
induce the secretion of what seems to be a single long thread 
which, by increasing the viscous drag exerted on the young 
bivalves, enables them to be carried along on relatively small 
currents. The threads, which stain readily in Alcian blue (a 
stain selective for acid mucopolysaccharides) are typically long 
compared with the length scale of the animal itself: for instance 
an Abra 1 mm long can produce a 2—4-um diameter thread of 
length greater than 3 cm. This mechanism, which we term byssus 
drifting, is functional from the late pediveliger stage up to at 
least 2.5 mm size in some species, and it has been found to be 
present in the 20 species tested so far and listed in Table 1 (a 
functional byssus has not been reported previously in post- 
larval bivalves of those genera marked with an asterisk). 

The increase in drag produced by the byssus in the process of 
drifting was investigated experimentally in a simple apparatus 
which consisted essentially of a vertical glass tube enclosed at 
either end by fine-mesh netting and into which the animals could 
be introduced and confined. The upward flow of seawater 
through the tube was adjusted until a critical current speed, U, 
was obtained at which an animal could be suspended motion- 
less relative to the tube. Where possible, three sets of readings of 
U were taken for each animal in each of the following states of 
activity: (1) live, inactive; that is immediately aftér the animal 
has been introduced into the tube and is still closed as a result 
of being handled, and therefore has not secreted threads into 
the water, (2) active; that is byssus drifting, and (3) dead (killed 
in 1% formalin in seawater). 

While byssus drifting, an animal hangs from the thread with 
the ventral shell margins uppermost and held horizontally. The 
valves are generally only slightly open and the heel of the foot 
is brought close to the gape. Frequently an animal was observed 
to detach itself from its thread and fall freely through the tube. 
In some cases secretion of a new thread would check the 
descent or even produce upward motion. Sometimes the valves 
may be opened and shut rapidly several times in succession. At 
other times the foot is protruded and its anterior part may be 
wriggled about, or the animal may either swing from side to side 
(Mytilus) or perform what seemed to be digging movements 
(Tellinacea). The siphons are frequently protruded in the Tel- 
linacea. Contrary to other observations?, it was concluded from 
experimental observations on byssus drifting animals that the 
protrusion of the foot produces an insignificant increase in drag. 
Nelson’ reported that post-larval Mytilus could remain pelagic 
by the-secretion of gas into the mantle cavity. Gas bubbles have 
occasionally been seen in the mantle cavity of Mytilus during our 
experiments, but these are possibly caused by transferring the 
animals from seawater at a temperature of 9 °C to seawater of up 
to 20 °C in the apparatus. 

It is usual‘ in hydrodynamics to express the effect of fluid drag 
on a moving body in terms of a dimensionless drag coefficient, 
Cp, defined as the ratio of the drag force per unit area to’ the 
quantity 4pU2, where p is the density of the fluid and U is its 
velocity relative to the body. By the nature of the terminal 
velocity measurements made in this study, the drag force on the 
body is simply equal to ıts weight in water. Assuming uniformity 
of shape within a given species, the drag coefficient for a body of 
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Table 1 Species in which byssus drifting has been found to occur 


Subclass Protobranchia 
Superfamily Nuculacea 

Subclass Lamellibranchia 
Superfamily Mytilacea 


Nucula tenuis 


Mytilus edulis, Modiolus sp. 
Musculus marmoratus 
Heteranomia squamula 
Turtonia minuta 

Montacuta ferruginosa, M. substriata 
Cardium echinatum 

Venerupis pullastra 

Mactra corallina*, Spisula*® sp. 
Tellina tenuis*, Gari fervensis*, 
Abra alba*, Donax vittatus* 
Cultellus pellucidus, Ensis* sp. 
Hiatella arctica, H. gallicana 
Mya truncata, Corbula gibba 


Superfamily Anomiacea 
Superfamily Cyamiacea 
Superfamily Erycinacea 
Superfamily Cardiacea 
Superfamily Veneracea 
Superfamily Mactracea 
Superfamily Tellinacea 


Superfamily Solenacea 
Superfamily Saxicavacea 
Superfamily Myacea 


Byssus drifting has been found to occur in all the 22 bivalve species 
tested so far. 

*Those species or genera in which a functional byssus has not 
been reported previously, 


volume, V, surface area, A, and density pp» can therefore be 
written as 


Cy=(2g(P»—p)V)/ApU?=kCp* 


where & is a constant determined by the acceleration due to 
gravity, the relative density of the body, and some geometrical 
factor directly proportional to its ratio of volume to area. Cp* 
is a modified drag parameter equal to a/U*, where a is a typical 
linear dimension of the shell and the constant, k, takes a different 
value for each species. ; 

Figure la and b shows values of the modified drag parameter 
Cp*, plotted in the conventional manner as a function of the 
Reynolds number, Re (=aU/v, where v is the kinematic vis- 
cosity of the fluid), for the species Mytilus edulis and Abra alba, 
respectively. Both graphs show that, in terms of the drag experi- 
enced by the bivalves, the dead and inactive samples behave in 
an almost identical manner, and the form of their behaviour is in 
excellent agreement with the classical experimental data*® on 
the flow past a rigid body, in this Reynolds number range. Small 
individual departures from the classical curVes can be ascribed 
to small amounts of debris attached to their shells. 

Active animals, on the other hand, behave quite differently. 
This is illustrated by the large random departures from the 


Fig.1 Plot of modified drag coefficient, Cp*, against Reynolds 
number, Re, for @, live active; O, live inactive; and (1, dead 
samples of Mytilus edulis (a) and Abra alba (b). The solid curve 
represents a best fit to the data of the classical experimental 
results+ë on the flow past a sphere in this Reynolds number range. 
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Fig. 2 Measured fractional increase in drag, n, plotted against 
shell length, a, for @, Mytilus edulis; Q, Abra alba; D, Gari; 
= A; Montacuta: and v. Nucula. 
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‘dead’ curves, indicating the présence oi large dee ike Which 
arė`not due to the shape of their shells alone ‘but must be pro- 
vided by some other mechanism. Figure 2 shows the relative 
increase in drag, n, defined aś ` ‘ 


ie n= (Co*)setivel(Co*)aeus, ee f aiye 
for. active individuals of several species, plotted against shell 
length, a. It is seen that the drag increase is rarely less than a 
factor of three, while some adept ‘drifters’ acquire an increase 
of 20-30 times the value they experience when inactive. The 
large errors associated with some values of n are-due,.to the 
relatively small number of observations in certain size ranges of 
these species. Hatched lines joining some points show the drag 
characteristics of the same animals can yary with` time, cor- 
responding to varéous ‘stages of activity. ; 

The experiments certainly indicate that. byssus drifting con- 
stitutes an effective means of transport: for young post- -larval 
bivalves and that the upward componerts of ocean. currents 
which are required to suspend active individuals are typically 
‘only 1 cm s~. The importance of this mechanism can hardly 
be doubted and the fact that it seems to, be of widespread 

_ Occurrence. in bivalves supports that view. It is almost certainly 
the mechanism by which post-larval bivalves enter on a second 
pelagic or migratory phase reported for a few littoral bivalve 
species*®, the best documented case being that of M. edulis?. 
Preliminary field observations indicate that a prolongation of the 

‘larval pelagic phase by a post-larval “bysso-pelagic” phase may 
be a regular feature of the life history of several sublittoral 
. bivalve species. A.-alba up to 2 mm in length, and Montacuta 
ferruginosa and M. substriata up'to 0.8 mm:in length, together 


with post-larvae of several other species, have been taken i in: 


considerable numbers in plankton samples. At these sizes the 
ages of the above species may be from several months, to over a 
year’, indicating the possible duration of the ‘“‘bysso-pelagic” 
phase.. Further investigations into the occurrence and nature of 
byssus drifting are presently in progress. 
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‘Nematocyst discharge and the effects 
of antibodies on feeding in hydra 


WHILE attempting to isolate hydra morphogens by column 
chromatography of tissue homogenates, I decided that a 
bacteria-free culture would be advantageous. Having established 
that a final concentration of 100 jig mI- penicillin G plus 
100 ug ml ~ streptomycin , ‘in the normal! culture medium M 
gave a 100-fold „reduction in bacterial contamination in 24 h, 
I found that hydra could riot feed in ‘this solution; indeed, they 
seemed unaware of Artemia larvae. bumping into them. On 
transferring the hydra to fresh medium without antibiotic they 
,were immediately able to feed, normally. , 

I then tested three aspects of normal feeding în hydra: the 
initial capturé by, discharge of ‚nematocysts on, contact; the 
subsequent contraction of the tentacles bringing the captured 
prey to the mouth and the opening of the mouth and engulfment 
of the prey. Nematocyst discharge can be stimulated by electric 
shock? mechanical plus chemical stimulation? ¿ or brief sonication. 
‚For example, a 0.1-s burst from a Dowe Soniprobe into 10ml 
‘of medium M containing 100 hydra gives > 80% discharge of 
‘nematocysts, as judged’ by counting stenotheles using a ‘haemo- 
‘cytometer. 

This mechanical discharge’ can be inhibited by first suspending 
the hydra i in a medium ‘of high osmotic pressure as indicated in 
Table 1. A 10-s sonication with the microtip at the no. 8 setting 
in 2 M sucrose gives only’ 5% discharge., Nuclei are also left 
. Intact in ‘these conditions, in spite of, -rupture of all cell walls 
and homogenisation of cytoplasm. These observations would 
seem to confirm the “osmotic hypothesis’ for the discharge of 
_nematocysts® with one reservation; 2M sucrose has an osmotic 
pressure equivalent to 1 M NaCl, yet even 2 M NaCl is not so 
efficient at inhibiting discharge. ‘There i is, therefore, the possi- 
bility of some additional influence in’ 2M sucrose, possibly 
viscosity, aiding the osmotic effect. 

, Using,a membrane filter with pore size 5 um, it is possible to 
remove nematocysts from thé homogenates that are produced 
-,and thus obtain a. preparation that is relatively free from the 
nematocyst toxin ‘that i isa major component, of many ‘inhibitory’ 
extracts®, The tentacle. movement and mouth opening, collec- 
tively known as the “feeding response can be stimulated by 
. 5X10 M reduced glutathione i in medium M (ref. 7). Table 2 
shows the effects of various concentrations of the antibiotics on 





Table 1 Percentage discharge of, nemotocysts on sonication in a 


medium of high osmotic pressure ; 


Sonication time 


Solution and power setting % Discharge 

1 M Sucrose 5s,no.8 , à 8.5 
10s, no. 8 22.5 

2 M Sucrose 5s, no. 8 : 2.0 
10s, no. 8 5.0 

2 M NaCl 5s, no. 4 >10 

4M NaCl 5s,no.4_, 2.5 

5M NaCl 5s, no. 4 <1.0 

40% Methanol 5 s, no. 4 2.0 * 
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Table 2 Effect of antibiotics on feeding response and prey capture 


Feeding response (estimated means of 10 animals each in 
5x10-5M reduced glutathione) 
Time of response (min) 


Antibiotic concentration 


(ug ml-*) Degree of response 


Tentacles 
Penicillin G Streptomycin Tentacles Mouth waving for 

100 100 + E 40 
10 10 ++ + 6.0 
1 l ++ + 6.0 
100 0 oor., = 5.0 
10 ' » 0 b+ + 6.0 

1, 0 ++ + | 6.0 , 
0 100 + = 4.0 
0 10 + + 5.0 
oO . 1 ++ + 6.0 

Control 0 0 ++ + 


+ 6.0 





Capture of Artemia (4 hydra+200 Artemia 
in 4 ml medium) 
Total number caught Initial capture rate 


Mouth open Artemia per hydra 

From To For in5s in 5 min pers 
1.5 4.0 2.5 0 0 0.0 
0.6 4.6 4.0 40 100+ 2.0 

0.5 5.0 4.5 40 100-- 2.0 

1.0 2.5 1.5 48 100-+- 2.4 

0.3 4.3 4.0 50 100+ 2.5 

0.5 4.5 4.0 50 100+ 2.5 

2.0 4.0 2.0 0 0 0.0 

0.5 5.0 4.5 41 100+ 2.1 

0.75 5.5 4.75 48 100+ 2.4 

0.25 5.75 5.5 40 100+ 2.0 





++, Excellent; +, good; +, fair; =, poor. 


the components of normal feeding in H; 'ydra littoralis starved for 
24 h. The figures given for the timing of tentacle waying and 
mouth opening are estimates based on the simultaneous 
observations of 10 hydra. The lack of precise data for individual 
animals makes an accurate statistical ‘analysis impossible; the 
trends, however, are clear.’ ` 

Together, penicillin G ‘and streptomycin at 100 ug ml 
reduce both the length of time that tentacles wave and the time 
the mouth is open. Mouth opening is also' delayed compared 
with the control but the most important ‘effect is on initial 
capture, indicating a total inhibition of nematocyst discharge. 
These effects are totally lost or much reduced at lower antibiotic 
concentrations. _ 

On its own, penicillin G at 100 ug mi~! delays and reducés 
the mouth opening time but has little or no effect on tentacle 
waving and nematocyst discharge. Streptomycin, on the other 
hand,‘at 100 ug ml affects all the functions tested, in particular 
totally inhibiting nematocyst discharge. Again the effects are 
lost or much reduced when the antibiotics are diluted. 

It should be noted that 5x 10~* M glutathione’is apparently 
a suboptimal concentration for this particular clone of hydra, 
since Lenhoff? found a mean mouth opening time of 36 min 
commencing 0.7 min after application of reduced glutathione. 

Streptomycin at 100 ug mi~ has, however, no inhibitory 
effect on artificial mechanical nematocyst discharge by’ soni- 
cation. A temporary paralysis of the cnidocil trigger‘ is therefore 
indicated, but the exact mode of action is unknown.’ The 
effects on the feeding response suggest that the antibiotics may 
also interfere with cell to cell communication in hydra, either 
through the ‘nerve net’ or the direct electrical contacts that 
exist between cells’. The true significance of this effect is, 
however, in doubt since a rough x? ‘goodness of fit? comparison 
between the most extreme results and the controls gives a 
chance probability of 0.1; Known inhibitors of the feeding 
response are structurally similar to glutathione, having the 
same peptide backbone and apparently acting by competition 
for a receptor site’. No more definite hypothesis can be ad- 
vanced for the effect of streptomycin, but a warning note should 
be sounded with respect to the routine use of antibiotics in any 
experimental situation; there may be unforeseen modifications 
in cell surface recognition sites, sensory structures or inter- 
cellular communication equivalent to those described here. 
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Excitability of nerve-free hydra 


THE simplest nervous systems known are those of coelenterate 
polyps, of which hydra is one. Nerve cells of the common 
freshwater hydra occur in a diffuse, two-dimensional nerve net 
dispersed among the epithelial cells of the outer, ectodermal 
layer'—. ‘There are also a few nerve cells in the inner, endo- 
dermal layer but these are scattered and do not seem to form a 
continuous net’. Nowhere in a hydra are there nerve cell 
concentrations or clusters of sufficient complexity to warrant 
being called ganglia. There have been many behavioural and 
electrophysiological investigations of hydra! —?, but the function ' 
of the nervous system in the control of behaviour is still unclear. 
In other coelenterates epithelial cells have’been shown to be 
capable ‘of propagating behavioural signals!™!!. Several con- 
ducting systems coupled with spontaneously active pacemakers 
have’been identified in hydra, but it is not known which of these 
conducting systems, if any, are neuronal and which result from 
activity in non-neuronal, epithelial cells. We have investigated 
the behaviour of Hydra attenuata in effectively nerve-free 
animals and show that such behaviour as remains, is controlled 
by non-neuronal cells. 

It is now possible to create hydra which are virtually free of 
nerve cells, by treating the animals with colchicine. Colchicine 
causes the endodermal digestive cells to send processes through 
the mesoglea and engulf ectodermal nerve cells, interstitial 
cells and nematoblasts, and draw them into the endoderm where 
they are digested. After two successive treatments, the hydra 
consist almost solely of epithelial cells and endodermal gland 
cells, with only a few cells of the other types remaining. Most 

‘of these animals are totally nerve free. Because colchicine 
treatmént removes both the nerve cells and their progenitors, 
the interstitial cells, these hydra and their buds subsequently 
‘remain nerve free. The colchicine-treated animals are somewhat 
smaller than untreated animals and have altered proportions, 
‘but possess all body parts and reproduce by budding. Lacking 
nematocysts, the treated animals cannot capture prey and are 
fed by forcing newly hatched Artemia through the mouth 
directly into the gut. 

Experimental animals were maintained and studied in ‘M’ 
solution? supplemented with 50 ug ml-! of the antibiotic 
rifampicin. The hydra were subjected to two 8-h treatments 
with 0.4% colchicine spaced two weeks apart!?. They were then 
fed three times weekly for 3 months before the experiments. 
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Fig. 1 CPs from a normal (a) and a nerve-free hydra (b). Positive 
potentials are upward deflections The animals were stimulated 
near the base; the upper traces were recorded from a basal disk 
electrode, the lower traces from an oral electrode. Latency 
values from the same two animals are plotted in Fig. 2. Vertical 
calibration: a, 5mV; b, upper trace 2 mV, lower trace 5 mV. 


Control hydra similar in size to the treated hydra were selected 
from a mass culture: some were kept in M solution and others 
in M solution containing rifampicin. All animals were starved 
for 48 h before the experiments. 

Electrophysiological studies have previously identified three 
classes of spontaneous electrical potentials in normal hydra®: 
(1) contraction pulses (CPs), generated by the ectodermal cell 
layer and associated with symmetrical, longitudinal contraction 
of the body column; (2) rhythmic potentials (RPs), generated 
by thé endodermal cell layer and associated with contraction 
of endodermal circular muscles leading to column elongation; 
and (3) tentacle contraction pulses (TCPs), produced by the 
tentacles and associated with tentacle contraction. In normal 
hydra, these potentials occur somewhat sporadically with a 
mean frequency of the order of 1 per several minutes. Colchicine- 
treated animals show virtually no spontaneous behaviour, and 
not a single’ spontaneous electrical response was recorded ina 
total of 10h of recording™ from five treated animals. The 
behavioural inertness of colchicine-treated animals is particularly 
apparent in a time-lapse film, exposed at one frame per 30s, 
of a dish containing a normal and a treated animal. In the 
film (which compresses 33 h of activity into 5 min) the normal 
animal contracts, elongates and sways from sidé to ‘side, 
continuously, whereas the treated animal is motionless except for 
slight rippling contractions and occasional discharging of gut 
fluid through the mouth. Passano!’ suggested that a major 
function of nerYe cells in primitive organisms is to initiate 
spontaneous activity. The absence of spontaneity in colchicine- 
treated hydra is thus consistent’ with ‘this view. ` 

Colchicine-treated animals are relatively unresponsive to 
external stimuli. Bright light; mild mechanical agitation, and 
Artemia extract all fail to elicit the electrical potentials or 
behaviour they do in the normal animal? Strong mechanical 
stimulation, such as pinching with forceps, or electrical stimula- 
tion of the column, does however, initiate propagated CPs 
and‘ column‘contraction. ‘The CPs of colchicine-treated hydra 
are of somewhat longer duration than those of normal animals 
(Fig. 1). The conduction velocity of the CPs was determined by 
recording them from the basal and’ oral ends of a hydra while 
the animal was stimulated at various positions along the column. 


As a stimulating electrode is moved from the base towards'the’ 


mouth ofan animal, the delay between an applied shock and the 
appearance of the recorded CP peak increases‘at the basal 
electrode and’ decreases at the oral one. The ratio of change in 
distance to: change in latency gives’ the conduction velocity’ 
(Fig.-2). Conduction velocity determinations were made from 
four colchicine-treated’ hydra, four untreated animals which 
had been transferred to culture solution containing antibiotic, 


and four animals grown and tested in normal culture solution. | 


The colchicine-treated animals were the same used to investi- 
gate spontaneous activity; one of the latter was too small for 


conduction velocity measurements. For each animal the column ` 


was stimulated sequentially at three points: ‘near the base, 
near the middle of the column, arid’near the oral electrode’ 
Usually 10 sets of stimuli were given to each animal. The mea- 
sured conduction velocity was different in the basal and oral 
directions, but the direction of preferred conduction varied 
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from animal to animal. Basal and -oral conduction velocities 
were averaged to give a single value for each animal. The CP 
conduction velocities of normal animals (5.7 cm s™}, s.e. = 0.4) 
and antibiotic-treated controls (5.2cms-, s.e. = 0.2) -were 
not significantly different, indicating that the rifampicin did 
not affect this parameter. These conduction velocities are not 
significantly different from that earlier reported for H. littoralis 
(5.2cms™!, s.e. = 0.3; ref. 7). The CP conduction velocity 
in colchicine-treated animals (1.8cm.s-—, s.e. = 0.2) was 
significantly lower than that of untreated animals. 

One possible explanation for the reduced conduction velocity 
in colchicine-treated animals would be that the treatment 
directly alters the excitability of epithelial cells. In preliminary 
experiments we have found that the conduction velocity in the 
column returns to near normal after nerve-free animals are 
repopulated with interstitial (and thus nerve) cells from a 
temporary implant of normal tissue!®. This indicates that 
colchicine does not have long term effects on the epithelial 
cells and that the depressed conduction velocity is related 
directly to the absence of nerve cells. 

The effectiveness of the colchicine treatment in rendering 
the animals nerve free was verified by counting cells in mace- 
rated preparations of these animals”. When present, nerve 
cells are readily detected by this method. In normal animals 
approximately 5% of the column cells are nerve cells. Samples, 
each containing ~ 1,000 cells, were selected from the top, 
middle and bottom of the column of each treated hydra. 
The three‘samples together constituted about half of all the 
cells in the hydra. No nerve cells were found in four of the five 
treated animals. In the remaining animal, three nerve cells 


z k 


ae we 
Fig. 2 The latency between a stimulus to the column and the 
appearance of the positive peak of the evoked CP at the basal 
(c) and oral (b) electrodes. @, A nerve-free hydra (H,); O, a 
normal hydra (H,) H, and H, indicate the total length of each 
anımal. Thé sketch in a illustrates the electrode placement; 
Be and He are the basal and hypostomal recording electrodes, 
and’Se 1s the moveable stimulating electrode. 
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were found in samples containing a total of 2,749 non-neuronal 
cells. All the hydra had about five “big interstitial cells’?” per 
1,000 epithelial cells. Thus, four of the.animals were apparently 
free of nerves and the fifth certainly contained too few nerve 
cells to form a continuous nerve net. 

From these results, we conclude that: (1) nerve cells are 
necessary for normal spontaneous behaviour: in hydra;. (2) 
epithelial cells of hydra are excitable, and can conduct electrical 
signals which elicit column contraction; and (3) conduction 
velocity in the column is reduced in the absence of nerve 
cells. These experiments provide the first direct demonstration 
of non-neuronal conduction in hydra. 

This work was supported by NIH grants to R. D. C., R. K. J. 
and N. B. R., and by an NSF grant to R. K. J. z i 

R. D. CAMPBELL 
R. K. JOSEPHSON 
W. E. SCHWAB 
School of Biological Sciences, 
University of California, Irvine, . 
Irvine, California 92717 ; ‘ 
: N. B. RUSHFORTH 
Department of Biology, - 
Case Western Reserve University, 
Cleveland, Ohio 44106 


Received Aprıl 26; accepted June 1, 1976. 


1 Bullock, T. H., and Horndge, G. A, Structure and Function in the Nervous 
Systems of Invertebrates (W. H. Freeman, San Francısco, 1965). 
2 Davis, L E., Burnett, A L., and Haynes, J. F , J. exp. Zool., 167, 295-311 (1968). 
3 EAR L., Primitive Nervous Systems (Yale University Press, New Haven, 
4 Davis, L. E., Z Zellforsch. mikrosk. Anat , 123, 1-17 (1972) 
5 Semal-Van Gansen, P , Bull Acad R Belg Cl Sci., 38, 718-735 (1952).’ 
6 Passano, L, M., and McCullough, C. B., J exp Biol., 41, 643-664 (1964), 42, 
205-231 (1965) 
7 Josephson, R. K , J. exp. Biol., 47, 179-190 (1967) 
8 Kass-Simon, G., Publ. Seto mar Biol Lab., 20, 583-594 (1973). 
9 Rushforth, N. B., in Invertebrate Learning, I, (edit. by Corning, W C, Dyal, 
J. A., and Willows, A O. ver 123-169 (Plenum, New York, 1973) 
10 Mackie, G O , Am Zool., 5, 439-453 (1965); Q. Rev Brol., 45, 319-332 (1970). 
11 Mackie, G, O , and Passano, L M., J. gen Physiol., 52, 600-621 (1968). 
12 Campbell, R, D., J cell. Sci., 21, 1-13, (1976). ' ' 
13 Lenhoff, H M , and Brown, R. D., Lab. Anim , 4, 139-154 (1970). 
14 Rushforth, N. B., Biol Bull., 140, 255-273 (1971) 
15 Passano, L. M., Proc. natn Acad. Sci. U S A., 50, 306-313 (1963). 
16 Marcum, B. A., and Camptell, R. D., Am. Zool , 16, 186 (1976). : ` 
17 David, C N., Wilhelm Roux Arch. Entw Mech Org., 171, 259-268 (1973). 


SD 


` 





Directional hearing in crickets 


CRICKETS have auditory organs at the.proximal ends of the 
fore-tibiae; the binaural sensory input enables orientation to a 
sound source and in response to sound, crickets turn towards 
the more intensely stimulated of their two ears!. Airborne 
vibrations activate the auditory tympana of the ears, and are 
communicated to sensory scolopidia attached to the outer 
surface of the leg trachea, which forms an air space behind the 
tympanum”. For directionally-sensitive hearing, the responses 
of the two ears should differ when the direction of incident 
sound forms an angle with the insect’s body axis. Directional 
hearing in crickets has previously been attributed to shielding 
of the contralateral ear by the insect’s bodyt. We believe that 
shielding is insufficient to account for observed directionality, 
and propose an alternative theory which predicts the directional 
sensitivity of the cricket auditory system measured 
physiologically 

We examined two species of cricket, Teleogryllus commodus 
and a smaller undescribed species we designate WB2 (speci- 
mens of which are lodged with the Australian National Insect 
Collection, Canberra). In anechoic conditions’, we recorded 
auditory sensory thresholds to the sound frequency of the 
species song from primary fibres in the leg nerve, and from 
interneurones in the cervical connective. The directional 
sensitivity measured at each level in the sensory pathway is 
similar, and we found no influence of contralateral input on 
directionality. In normal preparations, crickets were mounted, 
ventral side up, on a thin vertical support which projected into 
a uniform sound field radiated horizontally. The prothoracic 
legs were held with the femora horizontal and perpendicular 
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Fig. 1 Auditory thresholds obtained from the cervical con- 
nective in species WB2 in response to 4.5-kHz stimuli presented 
at different angles of incidence. Y, Intact preparation, note 
the directional sensitivity; ©, single ear preparations; ——, 
individual ear in a free sound field; ——, individual ear . 
asymmetrically shielded with a wax block. The single ear 
‘preparations have no directional sensitivity. 


` 


to the body axis, and the tibiae projecting vertically. Wings 
and other legs were removed. In other preparations, the cricket 
was mounted on its side with one foreleg extended. vertically 
and the other held close to the body and covered with vaseline. 
In the latter preparations, sound was directed on to one ear 
only, and the orientation of this ear to the hotizontal was near 
normal, although inverted. . . my 

When rotated through, 360° in the sound field, normal 
preparations showed auditory thresholds which differed by 10 
to 25 dB for ipsilateral and contralateral incidence of sound. 
When one ear only was stimulated from different directions, no 
directional sensitivity was observed. Further, when a wax block 
approximating in size and shape to the head and prothorax 
of the cricket was placed next to the single ear, in the position 
normally occupied by the body, the preparation remained non- 
directional (Fig. 1). These results indicate that the auditory 
system is directional only when both ears are stimulated 
simultaneously, that the individual ear is non-directional; and 
that, shielding of the contralateral ear by the insect’s body does 
not account for the directional response. ; 

In,normal preparations, the directional sensitivity is abolished 
in two ways: (1) by blocking the trachea in either foreleg or in 
the prothorax and (2) by covering the tympanum of the opposite 
ear with vaseline. Independently, Zhantiev et al. have demon- 
strated that directionality of hearing in Gryllus bimaculatus is 
decreased when the contralateral foreleg is removed and the 
leg trachea blocked. In crickets, therefore, the prothoracic 
leg tracheal system normally conducts sound from one ear to 
the other, and the directional response is the result of the 
mteraction of the external and internal sound pressures at 
each tympanum. If sound is prevented from entering and: 
traversing the internal tracheal pathway in any way, the 
auditory system is non-directional. : 

The elements of the prothoracic tracheal system on which’ 
directional hearing depends are illustrated in Fig. 2. Simple 
acoustical considerations explain the basis of the directional 
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sensitivity. When a plane sound wave is incident at an angle to 
the body axis, a sound pressure of unit amplitude acting on the 
outside of the ipsilateral tympanum may be described by 
cos(@t). The net pressure acting at the ipsilateral tympanum 
is the difference between the external pressure and the internal 
pressure transmitted along the trachea from the opposite ear. 
The phase angle between the external and internal pressures 
results from the extra distance traversed by sound reaching 
the inside of the tympanum, namely, the effective distance 
between the ears, which is a function of the angle of incidence, 
and the length of the internal tracheal pathway. If it is assumed 
that there are no other phase changes or amplitude losses, 
then, at the tympanum 


Pine) =cos( wt) —cos( at-} 2n sin + A 27) (1) 


where / is the external distance between the ears, L is the length 
of the tracheal pathway, 0 is the angle of incidence of sound and 
X is the wavelength of sound. In the species we have studied, 
/+-L is nearly half the wavelength of the species’ song. (In 
T. commodus, l+ L = 38 mm, 2/2 = 43 mm; in species WB2, 
/-+-L = 30 mm, 4/2 = 38 mm.) Thus when sinO = 1, the phase 
angle between the external and internal sound pressures at the 
tympanum approaches n, and the amplitude of Piney is a 
maximum. Conversely, when sin |, the phase angle 
between external and internal sound pressures approaches 
zero, and the amplitude of Pinen is a minimum. 

Using equation (1) with the appropriate anatomical and 
song frequency values, we have calculated the relative amplitude 
of the net sound pressure at the tympanum for values of 0 
and expressed it in dB. Foreachspecies, this calculated net sound 


Fig. 2 Drawing of a cricket showing the apposed leg tracheae 
which form a sound pathway between the two tibial auditory 
organs. Sound reaches the exterior and interior of the tympanic 
membrane along paths of different length. When sound is 
incident at an angle @ to the body axis, the path to the interior 
of the ipsilateral tympanum through the tracheae exceeds that 
to the exterior of the tympanum by the extra distance of the 
contralateral ear from the source / sin®, plus L (the length of the 
tracheal pathway). Therefore, the net sound pressure at the 
tympanum is “the resultant of the exterior and interior sound 
pressures, which differ in phase by 27/À (/sin@+ L), where Ais 
the wavelength of incident sound. 
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Fig. 3 Predicted net sound pressure at the auditory tympana 

(——) for values of 8 compared with measured hearing sensitivity 

(——) for T. commodus (¥) and species WB2 (©) on polar 
coordinates. 


pressure at the ear for different directions of sound corresponds 
to the experimental directional sensitivity (Fig. 3). 

Transmission of sound along the tracheal pathway is limited 
with respect to frequency according to the resonance character- 
istics of the tube. The directional sensitivity of normal pre- 
parations applies only to a narrow frequency band near the 
tuned frequency of the ear, and which corresponds to the 
frequency of the species’ song. 

This account of the basis of directional hearing in crickets is 
consistent with the inability of unilaterally deafened crickets to 
locate a sound source in phonotaxis trials', and with the 
specificity shown by female crickets in their orientation to 
signals having different carrier frequencies’. The mechanism 
illustrates the importance of the leg trachea as an integral 
part of the auditory system. In tettigoniids also, the leg trachea 
has a crucial, but fundamentally different role in hearing®:*. The 
cricket derives the directional sensitivity of its ears from the 
fact that the tracheae of the forelegs are interconnected 
acoustically at the midline. 

We thank Dr E. Ball, Dr C. E. Hill and Professor G. A. 
Horridge for their help in the preparation of the manuscript. 
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Effect of phloridzin and 
phloroglucinol on apple shoots 


PHENOLIC compounds and their glycosides are widespread in 
plants. They have uncertain metabolic roles, although they are 
regarded as metabolic by-products conferring resistance to 
pathogens". Phloridzin, the 2’-glucoside of phloretic acid, for 
example, is unique to species of Malus and is the major phenolic 
compound of commercial apple trees (Malus pumila Mill), 
representing 3-7 % of the dry weight of leaves as well as occur- 
ring in bark and roots*. It is not involved in resistance to apple 
scab as formerly supposed", but affects the metabolism of many 
organisms. It inhibits growth of wheat coleoptiles® and tomato 
roots? but more than doubles photosynthetic rates in Elodea™**. i atts ; 
In animals it inhibits the utilisation of carbohydrates’, and one Fg1 5 peti = — va y ar pl Tonm. b 
of the degradation products*' of phloridzin, phloroglucinol, plus 10-* M phloridzin. 

acts synergistically with auxin to promote growth of oat 

mesocotyls''. There have been indications that phloridzin, and 
phloroglucinol, promote the expansion of apple leaves? and 
the rooting of apple shoots'*, respectively. This suggests that 
phloridzin may have important effects on Malus. I have now 
shown that phloridzin promotes the growth of cultured apple 
shoots. The effect is pronounced and has practical application. 

Tips (1-2 cm) of shoots (2-5 cm) of M.7 or M.26 (virus-free) 
apple rootstocks were cultured as described previously™ in 
sterile conditions in test tubes (15 «2.5 cm), each containing 
10 ml culture medium. Shoot tips were kept at 25 °C and received 
16 h light daily from Crompton white tubes giving 14 W m~? 
at the surface of each culture tube. 

Phloridzin and phloroglucinol (107° M) were added to a 

basic medium (medium 1)—Quoirin’s medium B (ref. 15) with 
the vitamins and glycine replaced by the vitamins used by 
Wetmore and Sorokin™. For one test with phloridzin, indol-3-yl Fig. 2. Effect of phloroglucinol on M.26 shoots. M.26 shoot 
acetic acid (IAA) was omitted and for others with phloro- culture on medium 2 + 10-*M phloroglucinol 5 weeks after 
glucinol, medium 2 was used—as medium 1 but with only initiation from a culture with two shoots. 
0.5 mg I~ benzyl amino purine (BA), thiamine hydrochloride 
(0.4 mg I~) and inositol (100 mg 1~*) in place of the vitamins, 
and with indol-3-yl butyric acid (1 mg1~) as ammonium salt 
(IBA) in place of IAA. All constituents of the media were 
sterilised by autoclaving at 103 KN m~? for 5 min, except for 
phloridzin, phloroglucinol, and IBA which were passed through 
Millipore filters (0.45 um diameter). 

Table | and Fig. | summarise the results and show that the 
two phenolic compounds markedly stimulated shoot growth. 
With medium | minus IAA, each tip produced a single shoot, 
and phloridzin increased internode extension, leaf production 
and expansion. With medium 1 each tip produced between one 
and three shoots, and phloridzin and phloroglucinol promoted O 
internode extension and increased the number of shoots per 
tip to between three and six. The shoots originated from terminal 





and lateral meristems and not de novo from callus at the base 
of cultures (Fig. 1). 

Fifteen cultures of M.26 that had produced two shoots each 
during 4 weeks on medium 1, were transferred singly to 35-ml 
volumes of medium 2 in 100-ml flasks. This procedure was 
repeated with medium 2 plus 10-* M phloroglucinol, and in 
this case 15 cultures were also transferred to 125-ml volumes of 
medium in 250-ml flasks. After 5 weeks, each culture with 35 
or 125-ml medium plus phloroglucinol had produced between 
8 and 14 or 20 and 38 shoots, respectively, 2-5 cm long (Fig. 2). 
With unsupplemented medium 2, however, there were only 3-5 
shoots per culture, all less than 2 em long. 


N U A TO 








Table 1 Effect of 10-* M phloridzin (PZ) and phloroglucinol (PG) on apple shoots 





Mean growth values* 


Shoots Medium No. of Fresh weight No. of shoots Shoot length No. of leaves Leaf areat 
replicates (mg) per culture (mm) + primordia (cm?) 
M.7 1 —IAA 15 152 1.0 17 13 1.78 
I—IAA + PZ 13 2574 1.0 24§ 17t 2.739 
M.7 1 + PZ 20 755 2.4 21 14 — 
17 1108% 3.79 29t 14 =- 
M.26 I + PZ 12 715 2.0 17 17 — 

12 1120% 3.3f 24t 16 

M.7 I + PG 10 359 1.0 32 19 — 
6 783% 3.04 44% 20 — 





*Culture period 5 weeks except with medium 1 —IAA, where it was 3 weeks. 
+ Of oldest leaf. 
Significantly greater than without PZ or PG (P = $ 0.05; §0.01; 10.001). 
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No roots developed in any of the tests described so far, but 
100 shoots excised from cultures grown with medium 2 plus 
phloroglucinol all rooted within 5 weeks when transferred‘ to 
fresh medium of the same composition but without BA. 

These results suggest that phloridzin, possibly through the 
production of phloroglucinol, is involved’ in the growth of 
apple trees. From a -practical point of view, the effect on‘ the 
development of apple shoots has potential for improved pro- 
pagation of apple trees in vitro'®. Methods described recently?’ 
gave much less shoot growth and rooting than SE Dea here 
with phenolic compounds. - 

I thank Mr D. O'Farrell for technical assistance. 
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Malate-switch hypothesis 
to explain the action of stomata 


DurnG the past ten years major advances have been date 
in our understanding of the mechanics of stomata. A most 
important discovery has been that potassium enters 
the guard cells in sufficient quantities to account for the 
decreases in osmotic potential which occur on stomatal 
opening’. Association of potassium with stomatal move- 
ments has.now been reported for at least 22 species’. There 
is doubt, however, about the nature of the anions which 
accompany: K*. Chloride has been found to balance about 
40% of the K* in Zea may“ and considerably Jess in 
Commelina communis‘. Malate could be. the balancing 
anion as it has been found to accumulate in’ the guard cells 
on stomatal opening’ although it is not clear whether it is 
synthesised in the guard cells or is transported there from 
the surrounding cells. Clearly an understanding of the 
mechanism of the ion transport in and out of the guard 
cells is necessary as a first step to the unravelling of the 
stomatal mechanism. An hypothesis is proposed here which 
attempts to explain the transport aspect of stomatal func- 
tion. It is based mainly on data obtained from studies with 
the monocotyledon C. communis but should be applicable 
to other species. 

Stomata of C. communis have a complex structure with a 
number of subsidiary cells (Fig. 1). K* and Cl” concentra- 
tions in each type of cell have been determined for stomata 
in both the open and closed states‘’*. There seemed to be 
considerable transport of K* and Cl” between the cells 
during opening and closure but Cl” never accounted for 
more than 27% of-the-K*. Table 1 shows data for K, Cl 


and malate concentrations in the lower epidermis of - 


C. communis leaves with open and closed stomata. They 
show that the total amounts of these ions do not change with 
stomatal aperture and assuming a valence of 1.5 for malate 
it approximately balances the K* not accounted for by Cl. 
It seems reasonable to assume, therefore, that as the malate 
concentration in the leaf epidermis does not change, malate 
is not synthesised or, broken down to any marked extent 
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Table 1 Levels of malic acid, K+ and C1- (mol m~?) obtained from 
water extracts of the lower epidermis of the leaf of Commelina 


communis 
as : Malic acid K+ ‘Cl- 
Stomata open ~ 64.0 147.3 49.2 
Stomata closed 61.3 139.9 48.0 


Figures are means of five determinations. 


but moves with potassium from cell to cell during stomatal 
activity. ` 

The vacuolar pH of each of the ‘cells of the stomatal 

complex of C. communis changes with stomatal movements, 
The pH of the guard cell for example, rises from 5.1'to 5.7 
when stomata open’. Knowing the concentrations of K* and 
Cl (refs 4 and 6) and the pH, it is possible to write down 
the approximate concentrations of mono- and divalent 
malate in each cell for open and closed stomata (Tables 2 
and 3). The data. in Tables 2 and’ 3 are rounded off to make 
the figures for ‘open’ and closed stomata symmetrical. The 
most significant point is that the concentrations of mono- 
valent malate varies little between the cells both when the 
stoma is open and when it is closed. On the other hand, 
there is a steep gradient in the concentrations of divalent 
malate across the stomatal complex. The gradient is re- 
versed when the stomata open or close. 
' It is proposed that K* moves'from cell to cell with the 
monovalent malate but that the divalent form of malate 
is unable to move and is locked in the cell. Cram* has 
evidence that malate is taken into barley root cells as the 
singly ionised form rather than as‘ doubly ionised or un- 
ionised molecules. It is suggested that stomatal closure 
brought about by factors such as darkness, high ambient 
CO, and abscisic acid occurs because these factors cause 
the pH of the guard cells to drop from 5.8 to 5.1. The 
majority of the malate will switch from the divalent to the 
monovalent form and a gradient of monovalent malate will 
develop across the stomatal complex (Table 3). Monovalent 
malate will thus move across the stomatal complex and 
eventually reach the epidermal cell whose pH will rise, 
locking the malate in its vacuole as the divalent form. Equi- 
librium will be reached when: the gradient of monovalent 
malate is zero and the situation of Table 2 will prevail with 
the stomata closed. 

Stomatal opening would be brought about in the reverse 
manner. It.is proposed that the factors which usually bring 
about opening such as light, low CO», high temperature and 
circadian rhythms all work by bringing about a rise in the 
pH of the guard cells. Malate would switch from being’ 
predominantly monovalent to being mainly divalent. A 
gradient in monovalent malate would be set up and K 
malate would flow into the guard cells (Table 2). On enter- 
ing the guard cell the malate would be switched to the 
divalent form and locked in the cell. The osmotic potential 
of the guard cell would fall, the turgor pressure rise and the 
stoma would open. The gradient of monovalent malate 
would again become zero and a new equilibrium would be 
attained (Table’ 3). i 

It is proposed that the energy for stomatal opening and 


Fig. 1 Diagram to show the arrangement of the cells in the stomatal 
complex of Commelina communis. 
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Table 2 pH and concentrations of; di- and monovalent malate 
(mol m~?) in the various cells of the stomatal complex of C. communis 
when the stomata are closed and also about to open 


Stomata closed ` ,GC `. , ILS OLS EPID 
PH <51 5.5 37. 5.8 
Monovalent malate . 32 -, 50 45 =.. 60 
Divalent malate 9 T 88 3 ge SB. ve 20 

Pre-opening (pH 5.8) |... a i 
Malate— 10 50 45 60 
Malate?- 20 25 53 120 


GC, Guard cell; ILS, inner lateral subsidiary; OLS, outer lateral 
subsidiary; EPID, epidermal cell. g 


1 


closing would be expended in bringing about the. change in 
pH of the guard cell from the pK {value of malic acid_of 
5.1 to 5.8 and back again. It is assumed that all the environ- 
mental factors which cause stomatal opening and _ closure 
work by changing the pH of the guard cell and so operating 
the malate switch. This would ‘explain why a number. of 
factors can influence stomata by acting independently and 
also by seeming to act together. For example, before 
dawn endogenous rhythm could cause a partial rise in guard- 
cell pH which would be completed by a reduction in ambient 
CO: at the onset of photosynthesis at dawn. This would 
explain how stomata anticipate ‘dawn , by partially opening 
before the light period. It is not the purpose of this paper 
to suggest how environmental factors cause the change in 
guard cell pH. ae ig 


va ‘ I 
BL a ee ee ee 
Table 3 pH and concentratioris: of ‘di- and monovalent malate 
(mol m-) ın the various cells of the stomatal complex of C. communis 

with the stomata open and also about to close 





Stomata open ‘GC ILS >- ‘OLS ‘ ' EPID 

DH : -5.8 5:7 5.5 » 51l 
Malate- "+ 60 60 ` 50 32 
Malate?-. 120 “ 70 M25 9° 

Pre-closing (pH'5 1) - ` 
Malate~ 192 60, 50. 32e 
Malate?- S A DS 9, 


í 
rr 


It follows from this hypothesis that: (1)Opening and 
closing of stomata should. always be preceded by a pH 
change in the guard cells..(2) The.important ion is not K+ 


but malate and this would explain why other-.monovalent. 


cations are effective in bringing about stomatal opening™™., 

Although malate is considered to be the important ion in 
C. communis because of its ability to switch its valence, it 
is possible that other organic acids may provide the switch 
anion in some, other species. There are, however, few 


organic acids which have pK values at the pH normally: 
found in plant cells. d i ` r 


The mechanism of transport of the ions between the cells 
of the stomatal complex is not crucial to the validity of 


the hypothesis but the gradients envisaged suggest that dif-: 


fusion could be the most-important factor. In this case the 
active transport found between the cells® would be second- 
arily active. Primary active transport between: the cells 
cannot, however, be ruled out at the present time. 

PO D. J. F. BOWLING 
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University of Aberdeen, 
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of dimethylnitrosamine 


s 3 ' E ty -' 

THE occurrence of carcinogenic nitrosamines is of consider- 
able interest because, they. have been -found in foods 
consumed by humans’ and they can be produced, at least 
in vitro, from, agricultural chemicals’:’... Furthermore, the 
widespread occurrence of potential :precursors of nitros- 
amines—secondary or tertiary amines: and inorganic nitro- 
gen compounds: that are readily’ converted to.nitrite by 
microorganisms—led to studies demonstrating that the 
carcinogens can be formed in soil samples and. aquatic 
environments**. A hazardous chemical 'in .soil is not of 
toxicological significance, however, unless it is volatilised 
or enters the human food chain by being assimilated by 
food crops or leached through soil into ground waters ulti- 
mately used’ for drinking. We report-here that dimethyl- 
nitrosamine (DMNA) ‘can be assimilated by the roots ‘of 
lettuce and spinach, is translocated to-‘the tops and.that it 
also moves readily through soil. —  , am too 

Lettuce was grown from seed in quartz sand or William- 
son silt loam contained in clay pots and incubatéd at,16 °C 
in a growth chamber in which the daylength was 16,h. The 
plants ‘were watered daily with ‘Hoagland’s inorganic 
nutrient solution? at one-quarter .strength;.the leaves were 
not wetted during the watering. Spinach `was ` grown from 
seed in the same nutrient solution, the liquid: being aerated 
constantly and replaced' weekly. The ‘spinach plants were 
maintained at 20 °C under Growlux fluorescent lights timed 
to provide a 16-h day. After two ‘months, the various pots 
received either 0.57 aCi of “C-DMNA.plus the ‘unlabelled’ 
nitroso compound to a final concentration of 100 xg ml”, 
or 0057 „Ci of “C-DMNA plus unlabelled nitrosamine to 
afinal concentration of 10 #gml"*. The‘ total amounts of 
DMNA added were 2:50 and 0.25 mg for the high and low 
levels of exposure, respectively: After 2 d, the aerial portions 
of these plants, as well as of plants'not exposed to the 
nitrosamine, ‘were’ harvested and. washed, and‘100-g portions 
homogenised in 150 ml of 6.0 N NaOH:.The homogenised 
slurry was refluxed for 30 min, filtered throfigh glasswool; 
and Steam-distilled, half of the volume being collected as dis- 
tillate; The distillate was extracted three times with volumes 
of methylene chloride one-third that of the distillate, and 
the extract was dried with Na:SO, and concentrated to 2 ml 
by evaporation in. a Kuderma—Danish evaporative concen- 
trator operating at 60 °C. Half ‘of the extract was added to ' 
10 ml of a scintillation cocktail containing 5g PPO, 0.12 
POPOP, and 11:of toluene,: and’ the--radioactivity was 
counted on a Beckman model LC-100C liquid scintillation 
system. A second experiment with lettuce growing in sand 
was conducted similarly, but the plants weré harvested at 
4,9 and 15d. ’ aa ae g7 oe 

The results show that both spindch: and lettuce’ can 
absorb radioactivity from the growth’ medium (Table ‘1), 
the amount assimilated being proportional to thé amount 
of “C-DMNA added to the pots. The absorbed “C dis- 
appeared with time; in agreement with results on nitro- 
samine uptake by Lepidium sativum’: The percentage of 
radioactivity taken up by lettuce ‘grown: in soil was slightly 
higher than that of plants grown in sand. The quantity’ of 
DMNA taken up per unit weight of -plant material was, ` 
however, severalfold greater for the-soil-grown plants, pos- 
sibly because of the lower yield obtained when the lettuce- 
was grown in the silt loam. It has been reported that cereals 
can absorb nitrosamines’, and the present findings not only 
extend, previous observations, but pertain to two major“ 
vegetable crops. ze tut 

To confirm the identity’ of the labelled product, 2- 
month-old lettuce plants were exposed for 2d to 5.7 aCi of 
*C-DMNA in 25 ml of nutrient solution made to 500 peg mit © 
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Table 1 Uptake of dimethylnitrosamine by spinach and lettuce 





Growth “C-DMNA 
Plant medium - supplied 
(C) 
Lettuce Sand 0.057 
0.57 
Lettuce Soil _ 0.57 
Spinach Water 0.057 
0.57 , 
Lettuce Sand 0.57 


DMNA 
Length of DMNA taken up by 
exposure taken up* plant* 
(d) (ug.per g dry wt) (*%) 
2 1.38 3.20 
2 14.38 3.25 
2 106.0 5.06 
2 0.54 0.38 
2 5.60 0.27 
4 ` 7.04 1.56 
9 1.40 0.21 
15 


0.07 0.02 





*Each figure represents the average of four replicates. 


with the unlabelled nitrosamine. Compounds containing the 
radioactivity were extracted and concentrated, and then 
0.5 ml of the methylene chloride extract was placed on each 
of two silica gel thin-layer plates (Eastman chromatogram 
sheets), only one of which was exposed to ultraviolet radia- 
tion (240 nm) for 15 min before development. After devel- 
opment in  hexane-diethyl ether—-methylene chloride 
(4:3:2), the chromatograms were counted on a strip chart 
recorder (Actigraph III, Nuclear Chicago), and the location 
of the radioactivity was compared with that on chromato- 
grams of authentic “C-DMNA. The radioactivity on the 
non-irradiated chromatogram had the same Rr value (0.34) 
as “C-DMNA, and the radioactivity on the ultraviolet- 
irradiated chromatogram had the same R: value (0.03) as 
“C-dimethylamine, which is formed by the photolytic 


Fig.1 Leaching of chloride (@) and dimethylnitrosamine 
(O) through columns of four soils. a, Deerfield; b, Scarboro; 
c, Lima; d, Williamson. y 
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cleavage of DMNA. The yield of dimethylamine was essen- 
tially stoichiometric. As a further confirmation of identity, 
the extract was analysed by gas chromatography using a 
Varian Aerograph series 1700 gas chromatograph equipped 
with a flame ionisation detector and a 1.84 mx3.2 mm 
stainless steel column packed with 10% Carbowax 20M on 
Chromosorb W-HMDS. The column was maintained at 
80 °C for 5 min and then programmed to 110 °C at a rate 
of 2°C min™. The retention times of the unknown and 
authentic DMNA (512 s) were identical. 

To determine whether DMNA can leach through soil, 
columns of Williamson silt loam (pH 5.8, 1.9% organic 
matter), Lima loam (pH 7.8, 3.8% organic matter), Deer- 
field sand (pH 5.1, 2.5% organic matter), and Scarboro 
sand (pH 5.6, 14.8% organic matter) were prepared using 
100-200 g of air-dry soil that had been passed through a 
2-mm sieve. The columns were moistened with distilled 
water to bring the soil to field capacity, and a solution con- 
taining 100 ug mi™ of chloride and DMNA (5 zg nitroso 
nitrogen .ml™*) was allowed to pass through the column. 
Equal fractions (10 ml) were collected, and the fractions 
analysed for chloride and DMNA content using the methods 
of Bergmann and Sanik’ and Daiber and Preussmann”, 
respectively. Nitrite, which gives a positive reaction in the 
method of DMNA analysis, was determined in all samples 
by the procedure of Montgomery and Dymock”, and 
corrections were made for the small amounts present in 
the first few fractions. The results in Fig. 1 demonstrate 
that DMNA is not retained by the soils but moves as 
teadily as chloride. Because the soils were open to the 
atmosphere, some of ,the added DMNA may have been 
lost through volatilisation. f 

The earlier findings that nitrosamines can be formed and 
are persistent in samples of soilt®" and our observation 
that DMNA can potentially move from soil into food 
crops and downwards into groundwater suggest that a 
hazard may exist from a previously unrecognised source of 
exposure. Investigations on nitrosamine uptake by edible 
crops and movement through soil are also important in 
light of the report that the N-nitroso derivative of at least 
one pesticide has been found in a municipal water supply 
(D. H. Fine, personal communication). Further research is 
required to determine whether such a possible hazard is in 
fact a reality. 

This investigation was supported in part by a NIH 
Fellowship from the NIEHS. 
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Non-enzymatic photochemical 
reduction of nitrate in rice seedlings 


LicuT plays an important role in nitrate assimilation in leaves 
by providing the reductants and by stimulating the synthesis of 
nitrate and nitrite reductases+-*. Activity of nitrate reductase is 
considered to be the rate-limiting step in nitrate assimilation 
and in the production of grains and grain proteins in crop 
plants*®. It has been known for some time, however, that the 
ultraviolet radiation in sunlight photochemically reduces nitrate 
in aqueous solution to nıtrite®”. Stoy®® reported that ultraviolet 
light had a much stronger effect on nitrate assimilation in 
wheat leaves than light of longer wavelengths. We have 
observed, in experimental conditions, significant accumulation 
of nitrite in rice leaves exposed to sunlight, even when nitrate 
reductase activity was negligible, so we have investigated 
non-enzymatic photochemical reduction of nitrate in leaves. 

The absorption spectrum of 0.2 M KNO, measured in a 
Gilford spectrophotometer showed a trough at 260 nm 
(E = 0.3) and a sharp peak at 302 nm (E = 1.04). Negligible 
absorption was observed at wavelengths 340 nm and above. 
‘On the other hand, 0.2 M NaNO, revealed a broad absorption 
band (E = 1.25-1.75) in the whole range of wavelengths from 
260 to 325 nm, after which it showed a decline, with negligible 
absorption at 400 nm and above. 

When 10 mM KNO, solution was exposed to bright sunlight 
of intensity from 7,000 to 10,000 foot candles (70-108 klix), 
about 10 to 20 nmol NO,- ml ~ h-! was produced. This could 
be compared with the amount of nitrite produced in vitro by an 
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active preparation of nitrate reductase from rice leaves, 
incubated with 0.34 mM NADH and 10 mM KNO,, which 
was found to be 20-30 nmol NO,7~ ml~ h7. When 10 mM 
NaNO, was irradiated with sunlight, negligible loss of nitrite 
was observed. 

That the ultraviolet component of solar radiation was 
responsible for the reduction of nitrate was easily confirmed by 
using filters, which absorbed that part. Negligible quantities of 
nitrite were formed when nitrate solution was treated with such 
filtered sunlight. Exposure of nitrate to ultraviolet light from a 
mercury lamp was as effective for reduction as direct sunlight. 

To ‘detect non-enzymatic accumulation of nitrite in leaves 
exposed to sunlight, it was necessary to eliminate, or diminish 
considerably, the activities of both nitrate and nitrite reductases. 
In order to achieve this, rice seedlings were grown in complete 


„darkness. It is known that synthesis of the two enzymes 1s 


retarded in etiolated plants?*. When these leaves are exposed 
to sunlight, however, the enzymes are likely to be synthesised 
as the chloroplasts develop and to prevent this, nitrate was 
added in the presence of sodium tungstate and chloramphenicol. 
Tungstate blocks the im vivo synthesis of an active nitrate 
reductase, by forming the enzymatically inactive tungsten 
analogue by replacement of molybdenum in the enzyme 
molecule?®. Chloramphenicol, an inhibitor of protein synthesis 
on 70S ribosomes, inhibits the formation of nitrite reductase, 
which requires protein synthesis on chloroplastic ribosomes, 
without affecting the synthesis of nitrate reductase, which takes 
place on, 80S ribosomes in the cytoplasm 14. Thus, by a 
combination of tungstate and chloramphenicol treatments, 
we hoped to diminish the activities of nitrate reductase and 
nitrite reductase considerably. 

Results show that in normal seedlings grown in sunlight with 
nitrate (Table 1; treatment 1), the activities of the two enzymes 
were quite high.’ Free nitrite was not detected in the leaves 
because of its rapid reduction to ammonia in healthy seedlings. 
The seedlings in which the activities of the two enzymes were 
blocked (treatment 3) progressively accumulated nitrite for up 
to 4 h in leaves exposed to sunlight. The same result was 
brought about by ultraviolet light from a mercury lamp; but 
detached leaves kept in the dark did not accumulate nitrite. 
When the seedlings were treated with chloramphenicol (treat- 

e 





Table 1 Effect of sunlight on the accumulation of nitrite in leaves of rice seedlings 





Period of exposure 
of detached leaves 


Conditions of growth of seedlings 


Treatment Light Additions to to sunlight 
number regime nutrient solution (h) 
{ Sunlight KNO, ' 4 
2 Sunlight KNO, + chloramphenicol 4 
3 Dark KNO, + tungstate 0 
+ chloramphenicol : 
{ 
2 
3 
4 
(Detached leaves kept in 
the dark) 4 
(Detached leaves exposed 
to ultraviolet light from 
a mercury lamp) I 


Nitrite reductase Nitrate Nitrite 
(umol NO,- reduced (umol per g tissue) 


Nitrate reductase 
(umol NO.7~ per 


20 min per g per 20 min per g 
tissue) tissue) 
In vitro In vivo 

1.92 0.182 13.4 12.1 Nil 
1.08 0.096 1.2 11.4 0.220 
i 0.012 
0.027 
0.044 
0.062 
. 0.04 Nil 1.0 A 12.2 0.083 
0012 
0.041 


eee 


Seedlings of rice (Oryza sativa), variety Taichung Native-1 were raised in well washed quartz sand with Hoagland solution lacking nitrate 
as described earlter?, Seedlings grown ın sunlight in treatments 1 and 2 were exposed during the day (10 h) and kept tn dark during the night. 
In treatment 1, 15 mM KNO, was added on the 14th day In treatment 2, 15 mM KNO, and 3 mg ml- chloramphenicol were added on 
day 14 and seedlings kept in the dark for 2d In treatment 3, on day 14, 15 mM KNO, with 5 mM sodium tungstate and 3 mg mi-? 
chloramphenicol were added to the nutrient solution and also sprayed on the etiolated plants and seedlings kept in the dark for 2 more days. 
Leaves from 15-d-old seedlings from the three treatments were detached from plants and immersed in 15 mM KNO, solution so that the bottom 
1 cm dipped into the solution and the remaining portion was exposed to sunlight. The nitrate solution was kept in flasks covered with a black 


paper, so it was not exposed to sunlight and photochemical reduction of nitrate in the flasks was avoided The protruding leaves alone were 
exposed to light for different intervals as indicated ın the table. At the end of this period, leaf extracts were prepared and in vitro activities of 
nitrate reductase and nitrite reductase were assayed as described previously, using NADH and reduced methyl viologen as electron donors, 
respectively*. Jn vivo nitrate reductase activity in the leaf disks was assayed by the method of Jaworski??. Nitrite content in the leaf extracts 
as well as in the enzyme assays, was determined by the standard Greiss—flosvay colorimetric method Nitrate content in suitably diluted leaf 
extracts was determined after its quantitative enzymic reduction to nitrite by an active dialysed nitrate reductase obtained from rice leaves. 
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ment 2), the activity of nitrite reductase was negligible, whereas 
nitrate reductase was synthesised during a 4-h exposure of 
green detached leaves to sunlight. In these conditions, large 
quantities of nitrite accumulated. The amount of nitrite 
accumulated in situ was about three times that formed by the 
assumed photochemical reduction observed in treatment 3. 

Activity in vivo of nitrate reductase in leaf disks was less than 
10% of the in vitro activity in leaf extracts, assayed in the 
presence of excess NADH. Similar results indicating a com- 
paratively low in vivo activity of nitrate reductase have been 
reported!*4, Moreover, it is uncertain, whether either the 
in vivo or in vitro assay is a true reflection of the in situ nitrate 
assimilation. The estimated input of reduced nitrogen based on 
in vivo enzyme assay is known to exceed substantially the actual 
accumulation of reduced nitrogen by the plant im situ®. Our 
results show that photochemical reduction of nitrate could be 
as large as 30% of the in situ reduction.. 

In plants exposed to very bright sunlight, as in tropical 
countries, photochemical reduction of nitrate could thus be 
significant. Activity of nitrate reductase alone may not, therefore, 
be a factor limiting the rate of nitrate assimilation. 
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Immunopathology of 
schistosomiasis in athymic mice 


EosINoPHILIA—tissue eosinophil’ infiltrates—granuloma and 
IgE formation are associated with helminth infections. 
Eosinophils phagocytose antigen-antibody complexes, neu- 
tralise histamine and serotonin, mediate inflammatory 
reactions and modify delayed hypersensitivity’. The tissue- 
invasive stage of some parasitic infections provides suitable 
antigen and stimulates the ‘production of IgE, which in 
turn induce eosinophilotaxis. We have investigated the need 
of T-cell participation in the eosinophil response, IgE forma- 
tion and granuloma formation in schistosomiasis in con- 
genitally athymic mice which have profound deficiency in 
T-cell dependent immune response. We looked ın particular 
at eggs as they are important in the pathogenesis of schisto- 
somiasis. They are trapped in tissues and induce chronic 
granulomatous inflammation with numerous eosinophils. 
Warren et al.** reported that egg granuloma is a cell- 
mediated hypersensitivity reaction and it is significantly 
altered in immunosuppressed mice. 

Sixteen homozygous athymic nude (mu/nu mice with an 
outbred Swiss mouse background and 16 normal hetero- 
zygous (nu/+) littermates 9 weeks old were housed in 
specific pathogen-free conditions (mouse hepatitis virus). 
They were infected through tail immersion with 35-40 
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Schistosoma mansoni (Puerto Rico strain) cercariae freshly 
released from the intermediate snail host, Bromphalaria gla- 
brata. This level of infection results in a chronic murine 
hepatosplenic disease which closely resembles, pathophysio- 
logically, human chronic schistosomiasis’. Animals were 
killed 52, 58 and 66d after infection. Although nu/+ mice 
had ruffled hair coat and hunched back, nu/nu mice showed 
no remarkable signs of illness. The hepatosplenomegaly and 
enlargement of mesentery lymph node associated with schis- 
tosomiasis was significantly more severe in nu/+ mice. 
Microscopic examination of the liver showed that S. man- 
soni eggs were trapped in the small intrahepatic blood 
vessels and granuloma was formed around them. In the 
immune-intact normal mice, the egg granuloma was a cir- 
cumscribed lesion consisting of predominately eosinophils, 
macrophages, lymphocytes, epithelioid cells, granulation 
tissue and sometimes giant cells. Reparative fibrosis was 
distinct. The white necrotic hepatic lesions in athymic mice 
were smaller than those in control mice. The sizes of egg 
granulomas, determined by measuring two diameters at 
right angles to each other with an ocular micrometer 52, 58 
and 66 d after infection, are presented in Table 1. The mean 
sizes of granulomas in athymic mice were significantly 
smaller than those in heterozygous mice at P<0.001 as cal- 
culated by Student’s ¢ test. Granulomas decreased in size 
during the course of infection. No tissue eosinophils were 
found in the egg granuloma in the athymic mice, whereas 
neutrophils, macrophages, lymphocytes, epithelioid cells and 
pigments were usually present. We did not see giant cells 
in granulomas. Occasionally only a few or no inflammatory 
cells were found around the eggs. Granulation tissue or col- 
lagen formation was observed in some egg granuloma 
lesions, although they were not as well established as those 


Fig. 1 The lymphocyte transformation of splenic cells of athymic 
(nu/nu) and heterozygous (nu/+-) mice 52 d after infection with 
35-40 S. mansoni cercariae. The blastogenic activities stimu- 
lated with 20 ug of PHA, 40 ug of LPS and 12 pg of adult S. 
mansoni antigen, are expressed as the stimulation index by 
comparing the thymidine uptake by infected splenic cells with the 
thymidine uptake by control (unsensitised) splenic cells. The 
spleen cell suspension (2 x 10°) was added to each well of micro- 
trays and cultured in triplicate The soluble adult antigen was 
prepared by homogenised lyophilised worms in RPMI 1640 
medium, centrifuged at 2,500 r p.m. for 30 min. The supernatant 
was sterilised by passing through a 0.45-um filter and used as 
antigen. After 72 h of incubation at 37 °C, 2 uC of 7H-thymidine 
were introduced to zach well; incubated for another 16 h, cells 
were collected, extracted and counted in a scintillation counter. 
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Table 1 Comparison of egg granulomas in athymic and heterozygous mice infected with 35-40 S. mansoni cercariae 





Time Day 52 
Genotype nujnu nuj+ 
No. mice studied 4 
No. granulomas measured 52 41 
Granuloma size (um) 

range (Lx W)* 57-660 76-780 

x 47-340 x 48-540 

mean (Lx W)t 254 x 192 479 x 341 
s.d. (Lx W) 111 x83 143x115 
P <0.001 
% Eggs without 

cell response 9 : 2 





Day 58 Day 66 
nujnu nuj a nu/nu nuj by 
70 53 64 46 
57-456 114-576 49-313 161-523 
x 48-342 x 113-475 x 47-247 x 85-486 
214x141 379 x 291 161 x 104 381 x 293 
97 x67 112x91 57x38 90 x 80 
<0.001 <0.001 
6 0 6 0 





*L x W, range of length (L) by range of width (W). 
+Mean of length by mean of width. 
Measurement included in granuloma size. 


in normal mice. Small granulomas with few eosinophils 
were observed occasionally in the intestinal wall of the 
athymic mice. 

Blood eosinophilia was studied in seven athymic and 10 
normal mice before and after infection at weekly intervals. 
Tail blood smears were made at about 1400 and were 
stained by the Jenner-Giemsa method. A total of 300 leuko- 
cytes was examined per slide. Circulating eosinophils were 
observed in infected athymic mice (24%) although their 
levels were significantly lower (P<0.001) than those in in- 
fected heterozygotes (10-12%) after 7 weeks infection. 
Evidently the eosinophilpoeisis in athymic mice was not 
impaired. The role and specific function of eosinophils in 
the granuloma has not been established. According to 
Walls et al.’ the destruction of liver tissue by eggs should 
stimulate the local eosinophil response. This apparently ‘is 
not true in infected nude mice. The migration of tissue 
eosinophils to the affected sites seems to be dependent on 
T cells or other thymus factors which are absent in athymic 
mice, Eosinophils are known to ingest antibody-antigen 
complex. The complex may not be formed in nude mice 
because of the lack of the functional T cell required to pro- 
duce anti-parasitic antibodies: 

The lymphocyte responsiveness of athymic mice and 
heterozygotes to specific adult S. mansoni antigens and to 
nonspecific mitogens, phytohaemagglutinin (PHA) and 
Salmonella typhimurium lipopolysaccharide (LPS) was 
determined by measuring the incorporation of ‘H-thymidine 
into DNA. The blastogenesis of spleen cells of infected and 
non-infected athymic mice and heterozygotes is shown in 
Fig. 1. The B cells of both non-infected and infected nude 
mice, as well as the non-infected heterozygotes responded 


rg 


Table 2 Titre of reaginic antibodies in sera of nu/nu and nu/+ mice 
infected with 100 S. mansoni cercariae determined by the PCA 
reactivity in rats or nude mice 





Time after infection 


Day 49 Day 53 Day 58 Day 72 
Genotype IgE IgG, IgE IgG, IgE IgG, IgE IgG, 
nuj+ 40 40 10 20 40 30 10 40 
nujnu 0 0 0 0 0 0 0 0 





_ The presence of IgE in pooled sera was measured by the PCA test 
in rats (adult male Sprague-Dawley) with a latent period of 24h 
and in female nude mice with 72h of sensitisation. The IgG, antibody 
was determined by PCA reactions in nude mice with a latency of 3 h. 
A sample of 0.05 ml of diluted sera was injected intradermally into 
each skin site. The antigens for intravenous challenge were soluble 
crude extracts from adult S. mansoni worms or eggs and were adjusted 
to 0.8 mg of protein per ml of solution. The volume was | ml per rat 
and 0.2 ml per mouse in mixing with equal amounts of | % potamine 
sky blue dye solution. The size and bluing intensity of PCA reactions 
on the underside of skin were read 20-30 min after antigen challenge 
through the tail vein. The highest dilution of sera giving a reaction, 
5mm greater than normal serum control in at least half of PCA 
recipients, was regarded as the titre. 


strongly to LPS, while the B-cell function of infected nu/+ 
mice was. greatly depressed. T cells of non-infected and 
infected nu/+`mice reacted vigorously to PHA stimulation 
in contrast to those of nude mice. In the response to adult 
S mansoni antigen, infected nu/+ mice reacted strongly, 
whereas the nude mice (infected and non-infected) and 
control nu/+ mice spleen cells were not stimulated by the 
specific antigen. This evidence indicates that the lympho- 
cyte responsiveness to S. mansoni is dependent on T cells 
or thymus factor. 

The relationship between functional T cells and reaginic 
antibodies (IgE and IgG.) was studied in nude and nu/+ 
mice infected with 100 $ mansoni cercariae. We found that 
T-cell deficient nude mice were unable to produce detect- 
able levels of: IgE and IgG, antibodies whereas the nu/+ 
mice produce both long term skin-sensitising IgE antibody 
and short term skin-sensitising IgG, antibody as early as 
49 d after infection (Table 2). Both IgE and IgG; persisted 
in the blood for more than 10 weeks after infection. Evi- 
dently, the IgE and IgG, formation in response to S. man- 
soni antigens may require the participation of T cells. We 
have not observed significant quantitative differences in 
levels of both IgE and IgG, antibodies in nu/-++ mice res- 
ponding to soluble adult or egg antigen. Mota et al.” were 
unable to detect reaginic antibody in ICR, mice infected 
with 150 S$ mansoni cercariae by passive cutaneous anaphy- 
laxis (PCA) in mice. Our finding, however, confirms the 
recent report” that both IgE and IgG, were produced in 
CBA/J mice with chronic schistosomiasis. The lack of 
reaginic antibodies in nude mice may contribute to the 
absence of the local tissue eosinophil reaction’. 

Buchanan et al.” failed to induce egg granulomas in the 
liver and intestines of experimentally T-cell-depleted mice. 
Our study, however, has demonstrated that congenitally 
athymic mice can form granulomas around S. mansoni eggs. 
The lymphocytes in granulomas of athymic mice might be 
B-lymphocyte-related cells that respond to -certain T-cell 
independent antigens. Therefore the egg granulomas may 
be mediated partly by B cells, if not solely by T cells This 
remains to be studied. We did not see giant cells in the 
granulomas of athymic mice, although it is not uncommon 
m normal mice The observation suggests the association of 
giant cell formation with thymus factor’’. 

This work was supported in part by a grant from the 
NIH. i i 
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Growth of Mycobacterium leprae 
and M. marinum in 
congenitally athymic (nude) mice - 


THE failure to grow the leprosy bacillus, Mycobacterium 
leprae, in vitro means that there is a requirement for a highly 
susceptible experimental animal model. The only animal 
confirmed so far as naturally highly susceptible is the nine- 
banded armadillo, of which at least some specimens develop, 
after inoculation, a disseminated disease which resembles 
human lepromatous leprosy!. The inoculation of M. leprae into 
the footpads of mice results in a localised, self-limiting infection, 
with a maximum bacillary yield of about 10%5 organisms per 
footpad?. Suppression of the immune response of the mouse, by 
thymectomy and irradiation, results in enhancement of the 
footpad infection, and dissemination of M. leprae bacilli to 
internal organs and peripheral tissue such as ears, nose and 
tail’. This ability to enhance infection by nonspecific depression 
of T-cell function suggests that the congenitally athymic, or 
nude, mouse might provide a suitable, naturally susceptible host 
for M. leprae. In $pite of the severe impairment of the cellular 
immune response of nude mice*~’, the only report of the growth 
of M. leprae in such mice concluded that there was no significant 
increase in bacillary proliferation, and no tendency to promote 
a generalised infection’. This’ conclusion was based, however, 
on Observations made only 6 months after inoculation—an 
interval that is almost certainly too short for detection of 
significant enhancement or dissemination. 


To investigate further the growth of M. leprae in nude mice, - 


we established a small breeding colony based on the mating of 
a closed, but not inbred group of mice. Heterozygous females 
(nu/+) were mated with homozygous males (nu/nu) to give a 
progeny half homozygous and half heterozygous. The homo- 
zygous mice were used as experimental (nude) mice, and the 
heterozygous, phenotypically normal littermates .were used as 
controls. ` be Sia 

In a preliminary experiment, Mycobacterium marinum was 
used as the infecting agent. Infection of mice with M. marinum 
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Fig. 1 Growth of M. marinum in the footpads of nude mice (@) 
and control mice (W). Each sample represents the viable count 
of bacilli from the pooled tissue of three mice. Footpads were 
removed and homogenised in Middlebrook—Dubos medium, and 
viable counts made by the method of Miles and Misra?®. 


` 


and M. leprae is analogous’; growth of both organisms reaches 
a maximum of 10°-10 bacilli per footpad, followed by killing 
of the organisms. Buz, the fact that M, marinum grows much 
more rapidly than M. leprae and is cultivable in vitro makes it a 
convenient model for the study of the M. leprae infection. 

Mice were inoculated with M. marinum in the left hind footpad 
and bacillary growth was monitored as shown in Fig. 1. M. 
marinum grew to a peak of 107°? viable bacilli per footpad by 
7d in control mice, and this was followed by a rapid decline 
in viable numbers, falling to 10°-4 at 21 d. In the nude mouse 
group, the number of organisms had reached 108-2 per footpad 
by 7 d, and although this was followed by a plateau, there was 
no decline in viable numbers. 

At the same time zhat footpads were collected, liver, lungs, 
spleen and the contralateral footpads were also removed and 
examined for the presence of: viable bacilli (Table 1). Viable 
organisms were detectable in the internal organs of nude mice 
at all collections, whereas at no stage of the infection were 
viable organisms recoverable from the internal organs of 
control mice. 

To study the growth of M. leprae in nude mice, 30 nude and 


Table 1 Recovery of viable M. marinum from mouse tissue after inoculation in the left hind footpad 





Nude mice (viable M. marinum per organ) 


Time after infection (d) Right footpad Left footpad 
7 1.9 x 108 
14. 1.1.x 108 
21 3.6 x 108 
7 2.4x 10? Ps a 
14 »  ,- 9.6105 — 
21 4.0 x 105 = 


Control mice (viable M. marinum per organ) 


Liver Spleen ' Lung 
1.3 x10 1.510 2.4.x 10? 
4.4x 108 6.4 x 108 1.6 x 10? 
7.2 x 105 8.6 x 10® 1.4 x 108 


Each sample represents the viable count of bacilli from the pooled tissue of three mice. Tissue,was removed and homogenised in Middle- 
brook—Dubos medium, and viable counts were made by the method of Miles and Misra?3. — Represents < 10° viable M. marinum per organ. 
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60 control mice were inoculated into both hind footpads, with 
bacilli from a biopsy specimen from an untreated lepromatous 
leprosy patient. The results are shown in Fig. 2. Because of the 
poor survival of nude mice, they were not killed for collection, 
but footpads were removed and bacillary counts were made at 
their natural death. Collection of M. leprae from mouse tissue, 
and counting of acid-fast bacilli were carried out as described 
before’®, There was no evidence of an increase in bacillary 
numbers in any of the mice during the first 4 months after 
inoculation, but while growth in the control group reached a 
maximum at about 10° bacilli per footpad, counts in nude mice 
continued to rise. Enhancement of bacillary growth in the two 
longest surviving nude mice, collected at 266 and 322 d, was 
highly significant (P<0.01), and was accompanied by clearly 
visible swelling of the footpads. ` 

The longest surviving nude mouse was examined for the 
presence of acid-fast bacilli in ears, nose, testes, tail, forepaws, 
liver and spleen (Fig. 3). A few bacilli were detectable in the 
testes, nose, tail and forepaws, though in the testes, tail and 
forepaws, the numbers were only just above the level of detection 
and represent only one or two bacilli observed by the counting 
technique. Significant levels of bacilli were present in liver and 
spleen, however, with 1058 and 105-8, respectively. The liver 
and spleen are also heavily infected with leprosy bacilli in the 
highly susceptible nine-banded armadillo. No acid-fast bacilli 
were recoverable from the internal organs or peripheral tissue, 
other than the inoculation site, ın control mice. : 

Confirmation of the identity of the M. leprae bacilli collected 
from nude mice was made by removal of acid fastness by pre- 
treatment with pyridine!?, and by subinoculation into the 
footpads of normal mice—bacillary growth reached a maximum 


of 10° 120d after inoculation, conforming to the classical ` 


growth pattern of M. leprae. ; 
Thus, in contrast to the findings of Prabhakaran et al., 
whose observations were made over only 6 months, we fourid 


Fig. 2 Growth of M. leprae in the footpads of nude mice. Each 

point on the control curve (©) represents the mean value of 

twelve mouse footpad counts, and the shaded area is the 95% 

upper confidence limit of the control group during the plateau 

phase. Nude mouse values (@) are the bacillary counts of | 
individual footpads removed at autopsy. 
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Fig. 3 The recovery of M. leprae from the internal organs and 

peripheral tissue of the longest surviving nude mouse, and from 

control mice (mean value of six mice), following footpad 

inoculation. All mice were sampled 322 days after inoculation. 

F: footpads; E: ears; Te: testes; N: nose; Ta: tail; P: forepaws; 
S: spleen; L: liver. 


that inoculation of M. leprae into the footpads ‘of nude mice 
resulted in a very significantly enhanced infection compared 
with immunologically normal mice; and the recovery of 
significant numbers of bacilli from the spleen and liver of the 
longest surviving nude mouse certainly suggests a tendency to 
promote a systemic M. leprae infection. If the problems of 
survival can be overcome, the nude mouse could prove to be 
of considerable value as a model for the study of lepromatous 
leprosy and as a means of detecting a small number of viable 
organisms against a large background of dead bacilli in the 
tissues of patients undergoing therapy. 
This work was ‘supported by a grant from the Overseas 

Development Administration, London. 
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Control of lymphokine 
secretion by prostaglandins 


SEYERAL lines of evidence exist implicating prostaglandins 
(PGs) as mediators in inflammation?. In type IV hypersensitivity 
(delayed hypersensitivity, cellular immunity) reactions, although 
there is evidence of PG involvement?? lymphokines, the pro- 
ducts of antigen-activated thymus-dependent lymphocytes, 
have received greater attention as potential mediators*®. It has 
been reported that PGE, is a potent inhibitor of lymphocyte 
activation in vitro’ and we have observed that guinea pig 
peritoneal exudate macrophages produce substantial amounts 
of E-type. PG (ref. 7). It is well established that macrophages 
are capable of modifying lymphocyte activation®®, and that 
there is close association between these two cell types in reac- 
tions of cellular immunity in vıtro™ and in vivo™!. We have now 
shown that production of E-type PGs by macrophages modifies 
the secretion of lymphokines by lymphocytes in response to 
antigen and that this may serve to provide a negative. feedback 
mechanism for regulating the extent and duration of reactions 
of cellular immunity. . , 
, The in vitro test that shows the best quantitative correlation 
with delayed hypersensitivity reactions in the guinea pig is 
macrophage migration inhibition’ and so we have used this test 
both for measurement of the réactivity of sensitised lymphocytes 
to antigen and’ for the direct measurement of lymphokine 
activity.“Antigen-induced cell migration inhibition of sensitised 
cells was reduced by ‘PGE, (0.1-1.0 ug ml~), although the 
inhibition of cell migration by preformed lymphokine was not 
affected by PGs of the E series (Table , 1), suggesting that 
lymphokine formation rather than lymphokine action on target 
cells was inhibited by PGE compounds. Neither PGF,, nor 
PGA,, at these concentrations, influenced antigen-induced cell 
migration inhibition (Table 1). On the other hand, indomethacin 
(0.1 pg ml), a potent prostaglandin synthase inhibitor’, 
enhanced antigen-induced inhibition, but had no effect on 
lymphokine-induced inhibition (Table 1), implying that there 
is sufficient endogenous PG biosynthesis in these cultures to 
modify the response to antigen. These observations support the 
proposition that endogenous E-type PGs act by reducing the 
lymphokine secretion by antigen-activated lymphocytes, rathet 
than by modifying the action of lymphokines on target cells. 
Accordingly, we have measured lymphokine production by 
lymph node lymphocytes in response to specific antigen, in the 
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Table 2 Effect of prostaglandins E, and E, and indomethacin on 
lymphokine formation measured by guinea pig cell migration 
inhibition 





Treatment (ug ml); 


Inducing Response (% + s.e.m.) : 
antigen Drug PGE; PGE, Indomethacin 
- - 1002.2, 100+2.2 100+2.3 
1,000 - 52.3+1.5 57.8+1.5 71.9+2.3 
1,000 0.1 64.74+3.0 71.741.6 65.9422 
1,000 1.0 81.744.9 81.6+4.3 ND 





Lymphocytes were obtained from the teased lymph nodes of 
BGG-sensitised animals. They were placed in culture tubes at 1 x 10” 
cells ml~ in Eagle’s MEM supplemented with 5% pooled normal 
guinea pig serum. BGG (1 mg ml-) with or without E-type PGs 
were added to test cultures and after 24 h incubation at 37°C, 
culture supernatants were partially purified and tested for migration 
inhibitory activity. Results were expressed as percentage response 
of control + s.e.m. Supernatants without added antigen or drugs 
were taken as controls. 


presence and absence of E-type PGs and indomethacin. PGE, 
(0.1-1.0 ug.ml~*) and PGE, (0.1-1.0 pg ml) produced dose- 
related inhibition of antigen-induced. lymphokine ‘secretion, 
measured in terms of migration inhibitory activity (Table 2). 
These results are in agreement with the direct effects of PGE 
compounds on antigen-induced migration inhibition. We have 
obtained similar results to those shown in Tables 1 and.2 for 
mitogenic lymphokine, in that antigen-induced stimulation of 
DNA synthesis in lymph node lymphocytes was inhibited 
by PGE, and PGE, (0.1 and 1.0 pg ml~) and that this action 
of E-type PGs was accompanied by reduced production of 
mitogenic lymphokine. ' 7 

Indomethacin (0.1 yg ml~!) had only a slight enhancing 
effect on lymphokine secretion by lymph- node lymphocytes 
(Table 2), whereas it clearly augmented antigen-induced 
inhibition of cell migration—a system which utilises mixed 
cell populations (that is, macrophages and polymorphonuclear 
(PMN) leukocytes, in addition to lymphocytes) (Table 1). 
These observations confirmed that the action of PGE .was at 
the level of lymphokine secretion by lymphocytes, but implied 
that the source of endogenous E-type PGs was unlikely to be the 
lymphocytes themselves. ‘ ; T 

As a result of these findings, we have examined PG produc- 
tion by inflammatory cell populations (lymphocytes, macro- 


‘ phages and PMN leukocytes) during „short term culture. 


Macrophage-rich cell ‚populations (60-80% -macrophages, 
10-30% PMN leukocytes, 10% lymphocytes) produced 
substantial amounts of PGE-like activity (mean +s.e. = 11.6+ 
2.1 ng PGE, per 10° cells per 24 h) whereas PMN leukocytes 
(80-90% leukocytes, 10-20% monocytes) and lymph .node 
lymphocytes (>90% lymphocytes) .were much less active in 
this respect (0.45+0.03ng and 1.70.11 ng PGE, per 10° 


` Table 1 Effects of prostaglandins and indomethacin on antigen- or lymphokine-induced guinea pig cell migration inhibition 





Treatment (ug ml-1) 
Ag LK PGE, 


a: ae A 1003.0 
1° + 99.9449 
0 97.7£1.9 
1 
0 


Drug 


67.34+3.0 

m -76.2 £3.9 
i 88.9 44.4 
a 74.742.9 
I 73.640.1 
oO | 76.5-£4.1 


ARP aa Ca | 


Aare 
bbb! ll 


100 
100 0. 
100 l 


Response (% +s.e.m.) 


PGE, ~ PGFza PGA, Indomethacın 
1003.8 100+6.0 100+-4.7 100+4.4 
103.1444 ` 1026446 1025426  96.0+46 
94:5 +3.4 93.5+4.9 95.8 +6.2 ND 
44.4+0.4  41.8+0.4 , 48.6+3.8 69.4+-2.2 
55.1+42.2 46.2+44.3 46.7+5.3 57.54+3.9 
61.1+2.5 43.3429 50.3 +4.6 ND 
71.542.6 ND ND 56.7+1.6 
74.2 +4.9 ND ND 58.1 +3.3 


ND ND ND. 


13.1 4-2.8 


a a E 

Cell migration inhibition was carried out as described previously”. Guinea pig peritoneal exudate cells in Eagle’s MEM with 10% foetal calf 
serum were cultured at 4 x 10° cells per capillary tube in chambers with or without antigen, lymphokine or drugs. Cell migration was recorded 
after 40 h as area (mm?) and then expressed as percentage inhibition of control (that is, with no addition) + s.e.m. Purified protein derivative 
of tuberculin (PPD) was used as antigen (Ag) with tuberculin-sensitised animals (0.1 ml BCG intraperitoneally 4 weeks before use) and pre- 


formed lymphokine (LK) was generated from bovine gamma globulin (BGG) sensitive lymph node lymphocytes in culture with 1.0 mg ml-* 
BGG. Lymphokine preparations were partially purified by ammonium sulphate precipitation as described previously”. ; 
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Table 3 In vitro prostaglandin production by guinea pig inflammatory cell populations stimulated by lymphokine or specific antigen 





Antigen 
(ug ml-) 


PGE 


0 7.60 +0.86* 
0.01 © 6.22+0.92 
0.1 9.24 +0.56 
1.0 11.58 +0.83 
0.0 20.38 +1.41 
0.0 


10. 
100. _ 26.00 +0.98 


(ng per 10° cells per 24h) 


Lymphokine PGE, 
(ug ml ~) (ng per 10° cells per 24 h) 
0 6.87 +0.73* 
4.0 5.13+0.16 
20.0 7.89 +0.48 
100.0 11.58+1.43 
500.0 23.8741.89 





*Mean + s.e.m. 


Sterile Falcon culture tubes containing 5 x 10° washed, macrophage-rich peritoneal exudate cells and increasing doses of specific antigen (PPD) 
or lymphokine were incubated at 37 °C for 24 h and the supernatants removed and stored at —20 °C before assay for PG activity by radio- 
immunoassay using sheep anti-PGE,-BSA. Anti-PGE, antiserum cross reacted with PGE, (100%); PGE, (55%); PGFea (1.5%); 15-keto 


PGE, (1.2%); PGA: (0.6 %); PGB, (0.2%). $ 


cells per 24h, respectively). Macrophage populations (>90% 
macrophages) enriched by selection of glass-adherent cells 
show a similar PG-synthesising capacity to that of unseparated 
exudate cell populations, further implying that the macrophage 
is the major cell type responsible for PG production. 

Prostaglandin-like activity was mainly E-type, as detected 
by radioimmunoassay, had the properties of an acidic lipid 
on extraction into ethyl acetate and cochromatographed with 
authentic PGE, on thin-layer chromatography. The biological 
activity of the material on rat stomach strip, human Fallopian 
tube and ADP-induced platelet aggregation suggested that 
the bulk of the activity resembled PGE, rather than PGE,, 
a conclusion consistent with the high proportion of arachidonic 
acid (the PG, precursor) in macrophage membrane phospho- 
lipids’? A dose-related increase in PGE production was 
induced by specific antigen using sensitised cells and by pre- 
formed lymphokine using non-sensitised cells (Table 3), ‘thus 
satisfying an obligatory requirement of the negative feedback 
hypothesis. Furthermore, indomethacin at a concentration 
which completely inhibited PGE production (0.1 ug ml~) in- 
creased the formation of macrophage migration inhibitory 
lymphokine by antigen-stimulated peritoneal exudate cells from 
19.74+2.1% inhibition (untreated cells) to 29.5342.6% 
inhibition (treated cells), confirming that the level of PGE 
production is sufficient to modify lymphokine generation 
in vitro. ; 

We have established here that E-type PGs inhibit lymphocyte 
activation and the secretion of lymphokines and that such 
preparations stimulate E-type PG production by macrophages. 
This is consistent with the proposition that E-type PG produc- 
tion in response to lymphokine stimulation provides a negative 
feedback mechanism for regulation of the cellular immune 
response. Inhibition of mediator secretion by PGs in allergic 
reactions is not restricted to type IV hypersensitivity reactions. 
Thus, PGE, and PGE, are both effective inhibitors of histamine 
secretion by human basophils in type I hypersensitivity?? and 
antigen-induced SRS-A production by lung fragments. 
Consistent with this phenomenon is the observation that low 
doses of indomethacin enhance SRS-A release from 
passively sensitised human lung!®. In these situations, in 
contrast to the type IV response, the cellular origin of PG 
production has not been clearly established. In type HI allergic 
reactions, although PGE, can inhibit the release of lysosomal 
enzymes from PMN leukocytes?®, the capacity of such cells to 
produce PGE seems to be insufficient for this effect to be ‘of 
physiological relevance. The inability of therapeutic doses of 
non-steroidal anti-inflammatory drugs to affect markedly 
types I, III and IV hypersensitivity reactions in vivo implies 
that other control systems also operate in physiological, as 
opposed to pathological, circumstances. 

The self-limiting mechanism that we propose for type IV 
reactions hasthevirtue of relating lymphokine, lysosomal enzyme 
and PG release to a common basis. This relationship may have 
interesting consequences, both for aetiology and pathogenesis 
in chronic inflammatory diseases!*, and in the design of anti- 


inflammatory drugs, by highlighting potential loci of action 
that have hitherto received little attention. 
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Phorbol esters stimulate DNA 
synthesis and ornithine decarboxylase 


activity in mouse epidermal cell cultures ` 

TUMOUR-PROMOTING agents have been defined by their 
ability to promote tumour formation on carcinogen- 
initiated mouse skin. The most potent of these agents are 
the diesters of phorbol which are the active components of 
croton oil, the classic promoting substance. Phorbol esters 
can be chemically modified in a number of positions to 
form molecules with a wide range of promoter potency’. 
Such modifications have been useful in determining struc- 
ture-function relationships’. A good correlation exists _ 
between the ability of phorbol esters to promote epidermal 
tumours and their ability to stimulate epidermal macro- 
molecular synthesis in vivo’. In particular, all tumour 
promoters stimulate synthesis of epidermal DNA, although 
not all chemicals which induce hyperplasia are promoters’. 
Recently O’Brien et al.’ suggested that the degree of 
induction of ornithine decarboxylase (ODC) activity in 
mouse skin after application of promoting and non- 
promoting compounds correlates well with their promoting 
potency. Evidence from our laboratory indicates that brief 
exposure to the potent phorbol ester 12-O-tetradecanoyl- 
phorbol-13-acetate (TPA), stimulates DNA synthesis and 
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ODC activity in mouse epidermal cell cultures (S.HLY., 
T.B., E.P., D. Michael, K. Elgjo and H.H., to be published, 
and U.L. and-S.H.Y., to be published). Using such a culture 
system, we have examined a series of phorbol esters to test 
the correlation of promoter potency in vivo with the stimu- 
lation of DNA synthesis and ODC activity in vitro. 

Mouse epidermal cells were isolated and cultured as pre- 
viously reported®’. Phorbol esters were dissolved in DMSO 
as stock solutions of 1 mg mi™ or 0.1 mg ml™ and stored at 
—70 °C. Experimental media were prepared immediately 
before use In most experiments cells were exposed to the 
promoter for 1h (except for phorbol which was kept con- 
tinuously in medium), starting 20-24 h after plating., After 
removal of the promoter, cells were washed with phosphate- 
buffered saline and reincubated in complete medium (CMY, 
which was changed daily for the assay of DNA synthesis. 


’ The dose-response curve for stimulation of DNA synthe- _ 


sis in cells treated, with the relatively strong promoter 12-0- 
hexadecanoylphorbol-13-acetate (HPA) is shown in Fig. 1a. 
At all doses tested there was an initial-inhibition of DNA 


synthesis at 24h after the 1-h pulse treatment, followed by | 
a return.to near-normal or elevated levels by 2d., The’ 


highest dose (1 ug ml’) tested gave the largest initial inhi; 
bition. By day 3 after treatment, effective dosés produced a 
dose-dependent stimulation with a maximum usually occur- 
ring on day 4. Cells responded to doses as low as 0.05 ug ml 
(8X 10° M). Exposure to more than 0.5 ng ml~? seemed to 
reduce ‘the ultimate stimulation, perhaps because of in- 
creased initial toxicity. These results, however, were col- 
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Fig. 1 Promoter-stimulated DNA synthesis. Epidermal cells 
were seeded at 7.5 x 10° cells per dish into 100-mm culture 
dishes. Twenty-four hours after plating, cultures were exposed .. 
to medium containing phorbol esters or vehicle (DMSO 0.1%) 

_for 1 h, washed,’ reset with growth medium and changed daily. 
Concentration of the phorbol esters are given in pg per ml of 
culture medium. In the case of phorbol treatment (c), the 
experimental medium remained continuously, with a fresh 
solution prepared daily. At indicated intervals after treatment, 

‘ dishes were pulsed with 1 wCimI— methyl-*H-thymidine (6 
Ci mmol-, Schwarz-Mann, Orangeburg, New York) for I'h. 

‘ Labelled cells were washed three times with cold phosphate- 
buffered: saline containing 0.1% unlabelled thymidine, scraped 
from the dishes, centrifuged and the pellets frozen. Pellets were , 

, washed three times with 0.2 N PCA and hydrolysed, in 0.5 N 
PCA at 90°C for 20 min. The DNA content of each hydro- 
lysate was determined by the diphenylamine reaction’? and 
radioactivity by counting an aliquot in Hydromix (Yorktown 
Research, New Hyde Park, NewYork) in a Beckman LS 250 
scintillation counter. Results are expressed as the specific 
activity (c.p.m. per pg DNA) of the treated groups relative to 
the DMSO control. All,data represent the average of at least, . 
duplicate dishes. The variation in control values for each point’ * 
within experiments was less than 20%. a, Data collected on 
different primary cell isolates represented by -—-, HPA 0.5 (@) 
and 0.05 (A) ug ml-?;——, HPA 1.0 (O), 0:1 (A), 0.01 (0O) and 
0.001 (HH) ug ml-?. The time course and maximum stimulation 
of DNA synthesis varies somewhat for different primary cell 
populations. b: @, TPA 0.1 ug mit; A, PDBe 1.0; A, PDBe0.1; 

‘O, PDBu 1.0; W, PDBu 0.1.c: @, TPAO.1 ug ml; O, MeTPA 

‘ 1.0; W, MeTPA 0.1; A, phorbol 1.0. r 
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Fig. 2 Epidermal ornithine decarboxylase activity after '1-h 
treatment with phorbol esters. Cells were plated at 3 x 10° 
cells per 60-mm culture dish and treated at 21 h (a) and 23 h (b). 
a: @, TPA 0 1 pg ml; O, HPA 1.0; W, HPA 0.1; A, PDBu 1.0; 
A, PDBu 0.1, O, DMSO: b: @, TPA 0.1 ug ml; D, MeTPA 
1.0; Bl, MeTPA 0.1; A, PDBe 1.0; A, PDBe 0.1; O, phorbol 
1.0. At indicated times after the start of the treatment, duplicate , 
dishes were washed with PBS and stored frozen until assayed. 
Cells were scraped from dishes and suspended in 300 pl PBS. ` 
ODC was measured on 50-1 aliquots of the cell lysate in a final 
volume ‚of 100 yl containing 0.25 mol dithiothreitol, 
0.1 pmol EDTA, 0.01 pmol pyridoxal phosphate, 5.0 pmol _ 
sodium phosphate, pH 7.2 and 0.1 pCi L-1-4C-ornithine (2.3 
mCimmol~, diluted’ from pL-I-“C-ornithine’ HCl, New 
England Nuclear, Boston, Massachusetts, 54 mCi mmol-, 
with non-radioactive L-ornithine). The incubation was carried 
our for 1 hat 37 °Cin 17 x 100-mm Falcon culture tubes capped 
with serum stoppers equipped with polypropylene centre wells 
(Kontes Glass Co., Vineland, ‘New Jersey) containing a filter 
paper wick. The reaction was stopped with 0.2 ml 2 N' per- 
chloric acid and “CO, was trapped by:0.2 ml NCS (Amersham/ * 
- Searle Corp., Arlington Heights, Illinois):in the centre well 
during an, additional 1-h incubation. The centre well and its 
content was counted in ‘10 ml Spectrafluor (Amersham/Searle) 
in toluene. Counts were corrected for blanks that contained all 
components except the cell lysate. Protein was measured on 
50-1 aliquots of the cell lysate by .the method of Lowry as 
detailed by Layne™. Each point on the graph represents the 
average of duplicate determinations of specific enzyme activity 
on-cells from a single culture dish (variation <10%). In b the 
DMSO control. and phorbol-treated culture values are 
í superımposed. : 





lected from experiments carried out:on separate cell isolates 
(solid lines and dashed lines), making'absolute dose-response 
comparisons across experiments difficult to interpret accur- 
ately. Similar studies using TPA as promoter“ demonstrated 
a dose-dependent stimulation of DNA synthesis at doses 
between 107° and 107° M. ths g = 
When the less potent tumour-promoting phorbol esters, 
phorbol dibenzoate (PDBe) and phorbol dibutyrate (PDBu), 
are compared with TPA for ability to’stimulate DNA’ syn- 
thesis (Fig. 1b), one finds that at approximately equimolar 
doses, PDBe and PDBu are much less’ effective than TPA 
At 0.1 ug ml PDBu induces no stimulation, whereas PDBe 
stimulates: only slightly. At doses 10 times higher than TPA, 
the stimulation with PDBe is equivalent to TPA, whereas 
that with PDBu is less than half of that: found with TPA. 
Phorbol itself, a non-promoter for mouse skin, failed to 
stimuate even at a dose.of 1 ug ml™ (Fig. 1c). But 4-O-tetra- 
decanoylphorbol-13-acetate (MeTPA), also reported to be a 
non-promoter for skin: carcinogenesis’, induced an initial 
inhibition followed: by a twofold stimulation of DNA 
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Table 1 Correlation between potency of phorbol esters for promoting skin tumours and their ability to stimulate DNA synthesis and induce 
ODC activity in epidermal cells in vitro ` oe 
Maximum induction of 


Tumour-promoting .. Maximum stimulation of 


` . potency DNA synthesis in vitrot ODC in yitrot 
Phorbol ester Molecular weight (1/TD 5o)* ' O. pgml = 1 pgml 0.1’ pg ml 1.0 ug mi 

TPA i 616.8 15.4 1.00 —' 1. — 
HPAt 644.8 5.4 _—t — 0.76 . 0.97 , 
PDBe 572.7 <1.5§ 0.19 0.82 0.55 1.3, 
PDBu 504.6 0.1 0.11 0.40 ' 0.34 0.95 
MeTPA 630.8 . Non-promoter 0.07 ` - 0.26 0.44 0.51 < 
PDA{ 448.5 i Non-promoter - -0 we 0 0 0.- 
Phorbol 364.4 ‘ Non-promoter —, 0 0 0 





*TD so = total dose (umol) of promoter required to produce papillomas on 50% of CD-1 mice previously initiated with 51 pg 7,12-dime- 
thylbenz(a)anthracene. Data for TPA, HPA, PDBe, PDA and phorbol derived from ref. 12; 'data for PDBu derived from ref. 13; data for 
MeTPA from ref. 8 and mouse strain was not identified. S faa ' ay 

+Maximum stimulation did not always occur at same time after treatment. ‘ , i S 

{DNA synthesis after HPA and TPA was not studied simultaneously in the same cell preprations. Since variations in absolute responses 
occur in different cell. preparations (see Fig. 1b and c), direct comparisons between HPA and TPA cannot confidently be made. Based on ex- 
perience with a number of separate experiments, TPA induces 20-30% more stimulation than HPA at approximately equimolar doses. , 

§Data available only for 20% tumour incidence in CD-1 mice (see ref. 9). ‘ ee os f f si 
a Phorbot13,20-diacetate calculated from data reported in ref. 14 and unpublished work of S.H.Y., T.B., E.P., D. Michael, K. Elgjo and 

Tumour-promoting potency was assigned as indicated from appropriate literature citation. Capacity to stimulate DNA synthesis and induce 
ODC activity was measured using data in Figs 1 and 2, or as otherwise noted. Comparisons were made only with data from experiments per- 
formed on the same primary cell isolate. For both indices the maximum level of stimulation mduced by TPA after subtraction of vehicle control 
levels, was assigned a value of 1.00. Other compounds are presented as the ratio of their net values (maximum:stimulation minus vehicle control) 


to that of TPA. Repeated experiments indicate that the absolute ratios presented would vary from experiment to experiment, but the. relative 


rankings would be constant. 


i a 1 wets 


synthesis at a dose of 1 #g ml™ (Fig. 1c). At 0.1 zg ml” it 
was ineffective. This compound has also been reported to in- 
hibit replicative and repair’ DNA: synthesis in human fibro- 
blast cultures at doses greater than 1 wg ml” (ref. 8): 
Induction of ornithine decarboxylase: activity has been 
proposed as a marker for promoter activity in vivo’ and in 
vitro (our unpublished work). The results in Fig. 2 demon- 
strate the relative effectiveness with which a ‘series, of 
phorbol esters induce ODC in epidermal cells in vitro. At 
a dose of 0.1 ag ml“, TPA induces a 5-10-fold rise in 
activity within 6-12 h of exposure, with a return tò near- 
normal values by 24-28h. The time course and maximum 
level of stimulated enzyme activity varies somewhat for 
different primary cell populations. As seen for stimulation 
of DNA synthesis, HPA (1 #gml™ and 0.1 ug mI“*), PDBu 
(1 ag ml) and PDBe (1 ug ml™) induced, a similar rise in 
ODC activity, whereas PDBu, (0:1 ugml?), PDBe (0.1 
wg ml") and MeTPA (lugmi™) were ‘less effective: as 
inducers. Phorbol (1 #gml™), phorbol-13,20-diacetate 
(1 ug ml, not shown) and the DMSO vehicle were com- 
pletely ineffective in inducing ODC: The lower dose. of 
MeTPA (0.1 ug ml) caused a. transient: early rise in 
activity which returned to ‘control values by 8h. The ac- 
celerated kinetics of induction and decay’ seen with 
0.1 ug ml’ MeTPA and PDBu were at doses which failed 
to stimulate DNA synthesis; the ‘significance, of this obser- 
vation remains to be determined. ae ` 
These results indicate’ that there is a good correlation 
between the potency of phorbol esters for promoting skin 
tumours in vivo and their ability.to stimulate DNA synthesis 
and induce ODC activity in epidermal cells in ‘vitro (Table 
1). The molecular weights of all compounds other than 
HPA and MeTPA are lower than-that of TPA. Therefore 
the. molar concentrations -at which they were: tested 
exceeded the TPA concentration. Only HPA seems to ap- 
proach the effectiveness of TPA in stimulating both DNA 
synthesis and ODC activity at the same molar concentra- 
tion. For MeTPA, results in, vitro suggest: that it has bio- 
logical activity and should be retested as a promoter in 
vivo, preferably ‘on mice sensitive to formation of skin 
tumours’, before it is accepted.as a negative control: for 
TPA. Although promoter, and ;non-promoter compounds 
outside the phorbol family must be tested before more 
general conclusions are reached, mouse epidermal cell. cul- 
tures seem to be a useful system for identifying and ap- 


Oak Ridge, Tennessee 


praising potential promoting agents. Additionally, : the 
similarity between in vivo and in vitro results indicates that 
this model should be useful for investigating the cellular 
mechanisms of promoter action and for studying two-stage 
carcinogenesis in vitro. 
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Intracellular messenger role of 

cyclic GMP in exocrine pancreas 

THE. response of cells to hormones and neurotransmitters is 
mediated by chemical ‘regulators, of which calcium, adeno- 
sine cyclic 3’,5’-monophosphate (cyclic AMP) and guanosine 
cyclic. 3’,5’-monophosphate (cyclic GMP) are considered to 
be of primary importance. The endogenous-occurrence of 
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cyclic GMP was discovered more than 10yr ago, but until 

recently its-formation has been reported chiefly in associ- 

ation with the activation of cholinergic muscarinic recep- 

tors’. The description in the pancreas of a cyclic 

GMpP-dependent protein kinase*, a cyclic GMP’ phospho- 

diesterase*,.and the ability in vivo of cholecystokinin -to 
e 


Fig. 2 Stimulation of enzyme secretion from isolated guinea pig 

* pancreatic slices by CCK. Tissue was incubated as described for ` 
Fig. 1. The esterase activity of the kallikrein-trypsin-like proteases ` 
released into the medium was determined by hydrolysis of the 
synthetic substrate, benzoyl-1-arginine-ethyl ester (BAEE), after 
activation of the proenzymes by enterokinase. A sample 0.5 ml of 
enzyme solution was incubated with 0.1 ml enterokinase (50 ug) 
for 10 min at 37 °C before assay. The accumulated proenzyme 
activity is expressed as BAEE AE 55, U per mg wet weight tissue, 
with 1 U equivalent to an absorbance change recorded as 
absorbance units per min per ml of enzyme solution x 108. 
Vertical bars indicate 1 s.e.m. x, Control; O, CCK (GIH, 1 

U ml~); A, secretin (GIH, 1 U ml-). g 
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Fig. 1 Time course of cyclic GMP and cyclic AMP levels in 
isolated guinea pig pancreaticslices produced by CCK (1 Uml7; 
GIH preparation). .Pooled pancreatic slices were initially 
incubated for 15 min. Three or four slices of total weight between 
80-110 mg were then incubated ın individual Erhlenmeyer flasks 
‘containing 2 ml of Krebs-Ringer bicarbonate buffer with 0.5% 
bovine serum albumin. Each flask was gassed with 95% O,-5% 
CO,..After preincubation for 15 min, CCK was added to the 
flask. On completion of incubation the slices were removed and 
frozen in an aluminium clamp precooled in liquid nitrogen. 
The frozen tissue was dropped into 0.5 ml of 6 mM theophylline 
at 100 °C and boiled for 10 min. The denatured tissue slices were 
homogenised fully. The homogenate was stored overnight at 
—20 °C, after addition of 0.5 ml of acid ethanol (1% HCI in 
absolute ethanol). The samples were centrifuged at 1,500g for 
5 min and the supernatants were decanted. Each precipitate was 
washed with 0.5 ml ‘of acid alcohol and,, after respinning, the 
corresponding supernatants were pooled. The extracts were taken 
to dryness at 50°C and the dried residue was resuspended in 
0.5 ml of 50 mM Tris-HCl buffer, pH 7.4. Samples of 50 pl 
were used for measuring cyclic GMP ‘and cyclic AMP. Cyclic 
AMP was measureé by a binding protein method®’. Cyclic GMP 
values were determined using a rabbit antiserum (HO/2/75) 
raised to succinylated cyclic GMP conjugated to human serum 
albumin®. A sample of 100 pl of antiserum diluted 1:1,000 in 
Tris buffer (50 mM, pH 7.4), 50 pl of tritiated cyclic GMP, 
specific activity 21 Ci mmol, containing 3 nCi of *H-cyclic 
GMP, and 50 l of cyclic GMP standards (0-3 pmol), or unknown 
samples, were incubated at 4°C for 12 h. Free and antibody- 
bound *H-cyclic GMP were separated by filtration through a 
0.45-um Millipore filter. Filters were then extracted in a toluene- 
methoxyethanol-based scintillant, and the antibody-bound 
3H-cyclic GMP was measured in a liquid scintillation spectro- 
meter. Cyclic AMP in a concentration of 1 pmol ml! showed 
a cross reaction in the assay of less than 0.2%, and other cyclic 
nucleotides less than 0.01%. Nucleotides, and nucleotide 
monophosphates, diphosphates and triphosphates, showed 
virtually no cross reaction up to a concentration of 104 pmol ml~?. 
Dilutions of pancreatic cyclic GMP showed parallelism with 
dilutions of standard cyclic’ GMP. As a further check that the 
immunoreactive material was identical -with cyclic GMP, 
control pancreatic slices and slices stimulated with acetylcholine 
were extracted using the standard trichloroacetic acid procedure . 
The extracts were then divided and one portion of each was 
treated with 50 ul of beef heart cyclic nucleotide phosphodiesterase 
(Sigma), at a concentration of 1 mg ml-?, for 60 min at 37 °C and 
then boiled for 4 min. Standard cyclic GMP was treated similarly. 
The immunoreactive cyclic GMP in the control and stimulated 
samples were destroyed to the same extent as the standard cyclic 
GMP. Each ‘experimental point represents the mean of three 
incubations. The tissue cyclic nucleotide content of each incuba- 
tion sample was measured in triplicate The cyclic nucleotide 
values are’calculated as pmol of cyclic nucleotide per mg wet weight 
pancreatic tissue. The vertical bars indicate 1 s.e.m. a, Cyclic 
GMP levels; b, cyclic GMP levels; x control; O, CCK (1 U mi~). 


increase cyclic GMP levels’, suggested a physiological role 
for cyclic GMP in the mediation of hormone action. We 
report here experiments on isolated guinea pig pancreatic 
slices, in which the hormone cholecystokinin (CCK) and the 
neurotransmitter acetylcholine (ACh) both produced a 
marked, transient increase in the tissue level of cyclic GMP, 
which preceded the release of secretory enzymes. Exposure 
of the isolated pancreatic slices to the hormone secretin 
evoked a more prolonged ‘increase in cyclic AMP, without 
any significant effect on cyclic GMP. y 
CCK (GIH Research Unit, Karolinska Institute), highly 
purified CCK (given by Professor Viktor Mutt), and the. 
synthetic C-terminal octapeptide of CCK (given by Dr 
Miguel Ondetti, Squibb Institute), all produced within 
seconds a rapid increase in cyclic GMP that reached peak 
values at 2min and fell rapidly to near the control level 
by 5min (Fig. 1). The increase in cyclic GMP preceded 
any significant acceleration in the release of zymogens 
(Fig. 2). ACh evoked a pattern of increase in cyclic GMP 
that was similar to that obtained with CCK with regard 
to time course and relationship to onset’of enzyme release. 
The increase in cyclic GMP triggered by ACh (1077-107? M) 
and CCK (5X 10-°-1x 107M) was dose related. Atropine 
abolished the ACh-mediated zymogen release and increase 
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in the tissue level of cyclic GMP (Fig..3), but did not affect 
the CCK response. Both ACh and CCK failed to alter 
significantly the basal cyclic AMP values ‘in actively secret- 
ing pancreatic slices. In the presence‘ of the, phospho- 
diesterase inhibitors, theophylline (3 mM) and 3-isobutyl-1- 
methylxanthine (BMX, 0.5mM), basal levels of . cyclic 
AMP were increased about fivefold, but no further increase 
was observed with CCK. 'In contrast, the basal levels of 
cyclic GMP were increased to a lesser extent (about two- 
fold) by theophylline and IBMX and the increase in cyclic 
GMP caused by CCK was potentiated. In three separate 
experiments, the synthetic analogue 8-bromo cyclic GMP 
(1 mM) increased enzyme secretion. over control values by 
27.5% (P<0.025) in pancreatic slices incubated for’30 min. 
Secretin, in the presence of trasylol (260 U ml”), pro- 
duced a rapid increase in cyclic AMP that reached, a maži- 
mum at 1 min but remained elevated for at least 30 min and 
returned to basal values at 90 min, (Fig. 4). Secretin did not 
significantly alter cyclic GMP levels, even in the presence 
of theophylline (3 mM) and trasylol (260 U ml”). ‘ 
Enzyme secretion from pancreatic exocrine acinar cells 
is stimulated by CCK and the vagus nerve (ACh). Activa- 
tion by CCK and ACh of specific receptors on the plasma 
membrane of acinar cells results in a, rapid, marked,‘ but 
transient increase in cyclic GMP. This may trigger the 
intracellular mobilisation of. ionised calcium, which is 
considered to initiate the release of zymogens ‘from acinar 
cells. Alternatively, it is possible that the increase in cyclic 
GMP results from, rather than precedes, the changes in 
intracellular calcium. The difference in the time courses 
of cyclic GMP and the accumulated enzyme secretion may 
be explained by the fact that the transient increase, in 
cyclic GMP, through activation of a cyclic GMP- depen- 
dent protein kinase’, may trigger intracellular release..of 
ionised calcium which then stimulates’ the' enzyme secre- 
tion; this response once initiated may be, maintained by 


Loa‘ 
Fig. 3 Histogram of the effect of atropine on thei increase in 1 cyclic 
GMP and enzyme secretion evoked by acetylcholine. Isolated; 
pancreatic slices were incubated in Ehrlenmeyer flasks as described 
in Fig. 1. Atropine (10-*'M) was added to the appropriate, 
Krebs-Ringer buffer solution at the beginning of. the 15 min-of 
preincubation. Open columns, control; diagonally , hatched 
columns, acetylcholine (10-* M); vertically hatched columns, 
atropine (10-* M); closed columns, atropine (10-§ M) + 
acetylcholine (10-* M). The vertical bars represent 1 s.e.m. 
a, Cyclic GMP content of pancreatic slices after 1 min of 
incubation with drug, expressed as pmol per mg wet weight 
tissue. b, Accumulated release of kallikrein-trypsin zymogens 
after 30 min into the incubation medium, expressed as BAEE 
AE3ss units per mg wet weight of tissue, 1U being equivalent . 
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Fig. 4 Time course of cyclic AMP and cyclic GMP formation 
in guinea pig pancreatic slices after addition of secretin. Tissue 
incubation and cyclic nucleotide measurement were as described 
in Fig. 1, except that the Krebs-Ringer buffer solution contained ~ 
trasylol (260 U ml~). Levels of cyclic nucleotides are alent a 
as pmol per mg wet weight. The vertical bars represent 1 s.e.m. 
O, Control; A, secretion (1 U ml»; , cyclic AMP; - 
---, cyclic GMP. 


regenerative release of calcium or by some other molecular 
mechanism. The secretion of electrolytes and water that 
accompanies enzyme release is primarily controlled by the 
hormone secretin. The interaction of secretin with cell 
receptors; activates adenylate cyclase” ; resulting in increased 
formation of cyclic AMP. The sequential, molecular events 
through which cyclic , nucleotides stimulate ` enzyme and 
electrolyte secretion are still obscure. ‘Our results strongly 
suggest 4 that in the exocrine pancreas each of the two major 
physiological functions is modulated ‘by a “specific cyclic, 
nucleotide, enzyme secretion by cyclic GMP, and fluid and 
ion secretion by cyclic AMP. Dysfunction of the molecular 
mechanisms involved in the turnover of the two messengers 
may be of considerable importance ‘in the aetiology of 
pancreatic disease. tet 
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Role of oestrogen receptor 
in androgen-induced 
sexual differentiation of the brain 


Tue sexual differentiation of gonadotropin secretion! and female 
sexual behaviour? occurs in the rat hypothalamus® during the 
early postnatal period and is produced by testicular androgen 
in the male, although it may be mimicked in the female by 
administration of oestrogen or androgen*. The mechanism 
of this neural differentiation probably involves the aromatisa- 
tion of testicular androgen to oestrogen in the hypothalamus‘, 
followed by a complex series of biochemical events contingent 
on the binding of this oestrogen to a receptor and the trans- 
location of the steroid-receptor complex to the nucleus. 
Cytosol oestrogen receptors’-* and aromatising enzymes‘ 
have been demonstrated in the neonatal brain; aromatising 
enzymes are localised to the differentiating areas' whereas 
oestrogen receptors are found throughout the forebrain®’. In 
the study reported here, we have measured the nuclear oestrogen 
receptor in the neonatal brain using a nuclear exchange assay’ 
and have found that its distribution is consistent with the 
postulated role of the oestrogen receptor in the sexual differen- 
tiation of the brain. 

Two regions of the 4-d-old brain were used, one containing 
the ventral half (HYP) and the other the dorsal half (CORT) 
of all brain between two coronal cuts, one immediately rostral 
to the optic chiasma and the other immediately caudal to the 
mammillary bodies. 

Figure 1 shows the exchange of *H-oestradiol in purified 
nuclei prepared from the HYP region of neonatal males. 
Saturable, diethylstilboestrol (DES)-suppressible, exchanged 
*H-oestradiol was found in nuclei from the neonatal male HYP 
region with a K4 of 3.4 10~° M, a value typical of oestrogen 
receptors'*® and close to the Ka for oestradiol of the cytosol 
oestrogen receptor from neonatal rat brain®. 

Table 1 shows that 2.4 x 10° sites per mg of DNA were found 
in the neonatal HYP region, but none in the male CORT 
region or either region of the female brain. To test the hypo- 
thesis that the steroid responsible for the nuclear translocation 
of the oestrogen receptor in the male hypothalamus was 
secreted by the testis, nuclear sites were assayed in male rats 
24 h after castration on day 3. No sites were detectable in either 
brain region of these animals. We then measured nuclear 
oestrogen receptor in females injected systemically with 50 ug 
of testosterone. This gave an identical distribution of nuclear 
receptor to that seen in the neonatal male but with about 
three times the number of sites found in the male HYP region 
(Table 1). 

Thus nuclear oestrogen receptor sites appear solely in the 
HYP region under the influence of the testis or exogenous 
testosterone and this is consistent with their organising effect 
on the neonatal hypothalamus being exerted through the oestro- 
gen receptor. These findings substantiate our previous study 
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Fig. 1 The exchange of *H-oestradiol in nuclei from the HYP 
region (a) and CORT region (b) of 4-d-old male rats. Purified 
nuclei were prepared by the method of Plapinger and McEwen!” 
and samples (about 200 ug of DNA), suspended in 0.4 ml 
buffer (I mM phosphate, 0.32 M sucrose, 3mM MgCl,, pH 6.5) 
were incubated with various concentrations of *H-oestradiol 
(95 Ci mmol) for 1h at 37°C as described by Anderson 
et al’. A separate series of tubes was incubated in the presence 
of a 200-fold molar excess of DES for the determination of non- 
specifically bound *H-oestradiol. After incubation, the nuclei 
were washed four times by sedimentation (800g for 10 min) 
and resuspension for 25 min at 0°-2 °C in 1 ml of fresh buffer. 
Radioactivity in the washed nuclei was measured, with an 
efficiency of 50%, after overnight extraction into 10 ml of scin- 
tillant (PPO 4g 1; POPOP, 0.1 g I~ in toluene). Specific 
binding was determined by subtraction of nonspecifically bound 
*H-oestradiol (O) from total bound *H-oestradiol (@) and 
plotted according to Scatchard'® (c, male HYP region only), 
to give the dissociation constant (Ka) and number of specific 
binding sites (Ns). Samples of nuclei were analysed for DNA 
by the method of Burton?!. 





Bound oestradiol (M x 10?) 


in which nuclear binding was measured after injection of 
radioactive steroid’. The low affinity of testosterone for the 
neonatal brain oestrogen receptor and various studies on 
aromatisation in the neonatal brain*® suggest that obligatory 
aromatisation precedes the binding of testosterone to the 
oestrogen receptor. 

After intracerebral injection of 0.27 ug of DES, nuclear 
oestrogen receptor was found in similar amounts in the HYP 
and CORT regions of both male and female brain (Table 1). 
The number of sites was four to five times that in the male 
HYP region and we find this is the maximum number of sites 
obtainable by intracerebral injection of DES. The distribution 
of nuclear oestrogen receptor after intracerebral injection of 
DES is identical to that of the cytosol receptor in the untreated 
animal, that is, it is found throughout the forebrain®'’. This is in 
marked contrast to the distribution of nuclear receptor after 
testosterone injection which mirrors the localisation of the 
aromatase enzymes, that is, nuclear receptor is found only in the 
HYP region. Thus there seems to be no inherent difference 
between the HYP and CORT receptors except in their proximity 
to aromatising enzymes. Cortical receptors are translocated 
to the nucleus when exposed to oestrogen and so may be im- 
portant in some undefined aspect of braindevelopment occurring 
when oestrogen levels are high, for example, prenatally or 
around day 10 of life in the female™*. 

It is probable, from the lack of nuclear oestrogen receptor 
in the CORT region of the untreated male and both regions of 


Table 1 Distribution and dissociation constant of nuclear-bound oestrogen receptor in purified nuclei from brain of untreated and steroid- 
injected 4-d-old rats 


—— Ee 


N, per mg 
(x10) 


DNA 
4-d-old male 2.40+0.15 
4-d-old male, castrated day 3 s 
4-d-old female * 
4-d-old female 3 h after 50 ug testosterone 

subcutaneously in oil (50 pul) 7.20 +0.46 
4-d-old female 1 h after 0.27 ug DES 

intracerebrally in saline (10 ul) 8.78 +0.90 
4-d-old male 1 h after 0.27 ug DES 

intracerebrally in saline (10 ul) 12.05 +2.66 


HYP 


CORT 
N, per mg 

Ka X 10#°(M) DNA( x 10%) Ka x 10°°(M) 
3.41 +0.30 * * 

* * * 

. * . 
2.01 +0.37 , * 
3.52+0.37 8.95 +0.38 4.27+0.95 
4.66 +0.53 11.9442.25 4.57 +0.53 


Number of sites (N,) and dissociation constant (Ka) were obtained as described in Fig. 1. 


*Undetectable. 
. 
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the untreated female and castrate male, that no receptor has 
been translocated by circulating oestrogen. This is consistent 
with there being very little oestrogen circulating in the 4-d 
animal", and any oestrogen present being sequestered by low 
affinity binding proteins of the blood and brain'’. We believe 
that measurement of the nuclear receptor is likely to show 
where a steroid is acting, in contrast to the measurement of the 
cytosol receptor which merely shows where a steroid has the 
potential to act. In addition, we show that target tissue meta- 
bolism of a steroid may restrict nuclear translocation to a 
subset within a population of receptors, thereby restricting 
the action of the steroid to a few cells of a target organ though 
many may contain the receptor; this may be of relevance to 
other steroid sensitive tissues. 

In conclusion, the distribution of the nuclear oestrogen 
receptor contrasts markedly with that of the cytosol receptor 
in the neonatal brain and is entirely consistent with the postu- 
lated roles of the oestrogen receptor and aromatisation in the 
androgen-induced sexual differentiation of the brain. 
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2-Amino-4-phosphonobutyric acid as 
a glutamate antagonist on locust muscle 
Tue characterisation of glutamate receptors in nerve and 
muscle membranes requires compounds which interact 
specifically with these receptors. In the vertebrate central 
nervous system various substances are reported to act as 
agonists or antagonists of glutamate (reviewed in refs 1 and 
2). At the locust and crustacean nerve—muscle junctions, 
where the receptors are readily accessible for biochemical 
and pharmacological characterisation, comparatively few 
compounds activate the glutamate-sensitive receptors or 
antagonise the excitatory action of glutamate’ and so such 
substances are needed. We report here that the glutamate 
analogue, pL-2-amino-4-phosphonobuytyric acid (DL-APB) 
(Fig. 1), inhibits the binding of glutamate to ‘receptor-like’ 
hydrophobic proteolipids isolated from locust muscle’ and 
antagonises the excitatory action of glutamate applied 
iontophoretically to receptors present in the locust muscle 
membrane. The shape and charge distribution of DL-APB 
are appropriate for interaction with glutamate receptors™™”., 
Proteolipids were extracted from approximately 2 g of the 
total intrathoracic muscle of locusts (Schistocerca 
gregaria)". U-“C-.-glutamate (Amersham) was added to 
the proteolipid preparations which were then incubated at 
room temperature for 20 min before chromatography on a 
column (20X2cm) of Sephadex LH 20 equilibrated with 
chloroform". The effect of pt-APB (Calbiochem) on the 
binding of glutamate was measured by preincubating the 
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Fig. 1 2-Amino-4-phosphonobutyric acid. 


proteolipid with pt-APB for 1h before addition of U-"C- 
glutamate". Electrophysiological experiments were made on 
the extensor tibiae muscle, where junctional glutamate 
receptors are accessible to drugs applied iontophoretically”. 
Double and multi-barrel micropipettes of high resistance 
(200-300 M2)""*, with braking currents of 4 X 10°-6X 10° A 
were used to apply -glutamate (Na salt, 0.1 M, pH 8) 
and pL-APB (Na salt, 0.1 M, pH 7) to glutamate receptors 
in the muscle membrane. In some experiments drugs were 
applied from two separate micropipettes, to exclude the 
possibility that interaction between barrels of the micro- 
pipette was affecting the observations. 

Experiments on isolated proteolipids were made over a 
range of glutamate concentrations from 3.7X10°°M to 
1.0X10°*M. Glutamate binding to the proteolipid was 
obtained by measuring the amount of glutamate associated 
with the peak of proteolipid eluted with chloroform’. 
Saturation of binding occurred between 6.6X10°° and 
1.0X10°'M when 7.25 nmol glutamate per mg proteolipid 
were bound. The dissociation constant, Ka, of the binding 
site was 8X10°°M. The effect of pt-APB on the binding 
of glutamate to the proteolipid was measured over a range 
of glutamate concentrations (3.7 107*-3.8 X10 M) and 
over a range of pt-APB concentrations (1.0107 
5.1 107° M). Lineweaver-Burke and Dixon plots revealed 
that pL-APB behaves as a competitive inhibitor of glutamate 
binding with an apparent dissociation constant, Ka, of 
6.6X10°°M. 

The iontophoretic application of glutamafe to junctional 
glutamate receptors resulted in a rapid and transient 
depolarisation with a slower time course than the excitatory 
junction potential produced by nerve stimulation. The 
iontophoretic application of pt-APB from the adjacent 
barrel to junctional glutamate receptors produced no detect- 


Fig. 2 Time course of the inhibitory action of pL-APB on the 
junctional response to glutamate. The drugs are applied ionto- 
phoretically to junctional glutamate receptors from adjacent 
barrels of a twin-barrelled micropipette. Five superimposed traces 
are shown and on each, a single pulse of pL-APB precedes a 
smaller pulse of glutamate. As the interval between the pL-APB 
pulse and the glutamate pulse is increased, the junctional response 
to glutamate increases, that is, the inhibitory action of pL-APB 
decreases. The current passing through each barrel of the micro- 
pipette is monitored on the lower trace. 15 nC calibration refers 
to pL-APB which is the first pulse on the lower trace. 
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Fig.3 Log dose-response curves illustrating the effect of locally 
applied glutamate alone ( A ) and in the presence of pL-APB (@). 
The drugs were applied iontophoretically to junctional glutamate 
receptors from adjacent barrels of a twin-barrelled micropipette. 

In the right-hand curve, pulses of glutamate were applied in the 
presence of a constant pulse of pL-APB. Ordinate, amplitude of 
the junctional depolarising response to glutamate; abscissa, 
logarithmic scale of current (in C) passing through the glutamate 

barrel of the micropipette. 


able response. When a pulse of DL-APB was applied to the 
junction during a steady glutamate application, however, 
the glutamate depolarisation was rapidly reduced and then 
recovered to the original depolarised level. 

In most experiments a single pulse (40 ms) of pLt-APB 
was followed by a single pulse (10ms) of glutamate. 
Sufficient time was then allowed for complete recovery of 
receptors before again applying a single pulse of each drug. 
This precaution eliminated possible desensitisation effects. 
When glutamate application followed DL-APB application 
by a sufficiently short interval, the response to glutamate 
was absent or greatly diminished (Fig. 2). To study the time 
course of action of pt-APB the interval between single 
pulses of the two drugs was varied. The time constant of 
decay of pt-ARB action (~400-500 ms) is approximately 
one third that of (+)-tubocurarine action at the frog end- 
plate’. The difference in time constants may represent a 
difference in the dissociation rate of the drug receptor 
complexes or in the speed of diffusion of the drugs away 
from the receptors. 

The degree of interaction between glutamate and pt-APB 
varied depending on the dose of the two drugs (measured 
in nC), so for a constant dose of pt-APB the inhibition of 
the response to glutamate became less as the glutamate dose 
was increased. This may not necessarily represent competi- 
tion between the agonist and the antagonist, because the 
time constant of dissociation of pt-APB from receptors is 
much longer than the rapid rise of the glutamate depolari- 
sation, during which time dissociation would need to occur. 
In addition, larger doses of glutamate can be expected to 
reach more distant receptors™™"" which may be less 
affected by pt-APB. 

To determine whether these two drugs were interacting 
in a competitive or non-competitive manner, dose-response 
curves were obtained for glutamate both in the presence 
and absence of a constant DL-APB pulse (Fig. 3). Problems 
arose from rapid decay of pt-APB action and the need to 
have a constant amount of inhibitor present over a larger 
area than was reached by glutamate. These were over- 
come by applying a short glutamate pulse (10 ms) at a fixed 
time during a much longer pL-APB pulse (500 ms). The 
dose-response curves for glutamate in the presence of 
DL-APB showed a parallel shift to the right, consistent with 
the concept of a competitive antagonism between the 
pL-APB and glutamate molecules, for the glutamate 
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receptor, although the possibility of a postsynaptic action 
of the pt-APB molecule at a level other than the glutamate 
receptor, cannot be discounted. 

The junctional response to iontophoretically applied 
glutamate was not markedly inhibited by the application of 
pL-APB (5X10°‘M) in the bathing medium. Similarly 
miniature excitatory junctional potentials, which result from 
spontaneous release of transmitter packets, were unaltered. 
The apparent difference in effectiveness when pL-APB is 
applied iontophoretically may well reflect a difference in the 
concentration of drug reaching the receptors. Previous 
studies, however, have also shown that relatively high 
concentrations of substances, which specifically block the 
postsynaptic action of glutamate, may be required to pro- 
duce antagonism of glutamate’ 

Both the biochemical and electrophysiological findings 
support the suggestion that pt-APB acts as a glutamate 
antagonist at the insect myoneural junction. It is hoped that 
the drug will prove to be a useful tool in the investigation 
of the nature and mode of action of the postsynaptic 
glutamate receptor. 
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Susceptibility of teratocarcinoma 


cells to adenovirus type 2 

As mouse embryos develop they become susceptible to 
infection by the small DNA oncogenic viruses, simian virus 
40 and polyoma’. Recently, the mouse teratocarcinoma, an 
alternative model system for the study of early develop- 
ment™‘, was used in an approach to understanding how 
differentiation affects host—virus interaction (ref. 5 and M.B. 
and F.K., unpublished). Several differential teratocarcinoma 
lines were shown to be fully permissive to polyoma virus and 
could be transformed by SV40, therefore reacting to viral 
infection like most commonly used mouse cells. In contrast, 
the multipotential embryonal carcinoma cells were resistant 
to both viruses and the block seems to lie early in the lytic 
cycle, after penetration of the virus, but before synthesis of 
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the viral T antigen. Adenoviruses have much in common 
with the papovaviruses but are larger and more complex. We 
therefore examined the susceptibility of teratocarcinoma 
cells to these viruses. Here we report that both embryonal 
carcinoma cells and cells from a differentiated teratocarci- 
noma line are susceptible to adenovirus type 2. 

The two teratocarcinoma cell lines used in this study 
have been derived from the transplantable mouse terato- 
carcinoma OTT 60-50-970 isolated by Stevens®. PCC3 
(clone A/1) is a primitive embryonal carcinoma line which 
undergoes differentiation when injected into mice as well as 
in vitro™*. PCD3 was derived from embryoid bodies which 
were allowed to differentiate in vitro: it has a stable fibro- 
blast morphology in culture and is non-tumorigenic (H. 
Jakob, personal communication), HeLa cells were used as a 
susceptible control. Following infection of PCC3 and PCD3 
cells by adenovirus type 2, we screened the cells for pro- 
duction of viral antigens and infectious viral particles, as 
described in Table 1. 

In brief, adenovirus antigens were detected by indirect 
immunofluorescence on cells seeded on glass coverslips, 
20h and 36h after infection. The specific reagents were 
hamster anti-T antigen antiserum and rabbit multivalent 
capsid antiserum. Normal non-immune sera were used as 
controls. The indicator was fluorescein-conjugated anti-y 
globulins (Institut Pasteur). 

Virus titres were determined by the formation of foci on 
layers of HeLa cells”. These foci were stained by indirect 
immunofluorescence, with the use of anti-capsid serum as 
the specific reagent. 


The results are summarised in Table 1. Synthesis of 


Fig. 1 T-antigen immunofluorescence (indirect test) in Ad2- 


infected (a) multipotential PCC3/A/1 cells, and (b) differentiated 
PCD3 cells (see legend Table 1). 
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Table 1 Ad 2 antigens and virus production in HeLa cells and in 
two teratocarcinoma cell lines 





Cells Tantigen* Capsid antigent FFU ml} 
HeLa 50 100 1.0 10° 
PCC3/A/1 40 16 1.7 10° 
PCD3 38 53 0.9 10° 


For detection of viral antigens, cells were seeded on glass cover- 
slips (2 x 10° cells per 35-mm plastic Petri dish) and grown for 24h 
at 37°C in Dulbecco’s modified Eagle’s medium containing 10% 
foetal calf serum and in an atmosphere containing 12°% CO,. Cells 
were infected with adenovirus type 2 (a gift from Pierre 
Boulanger, INSERM, Lille) at an input multiplicity of 10 plaque- 
forming units per cell. Virus was adsorbed for 1 h at 37 °C. Cells were 
then covered with medium containing 2% foetal calf serum. Cover- 
slips were removed 20 h and 36h after infection, washed three times 
in phosphate-buffered saline and fixed in methanol-acetone (3 : 7) at 

20°C for 5 min. Adenovirus-specific proteins were detected by 
indirect immunofluorescence. The specific reagents were hamster 
anti-T-antigen antiserum (a gift from Pierre Boulanger, originally 
from Dr R. V. Gilden) and rabbit multivalent capsid antiserum 
(Pierre Boulanger). The indicator was fluorescein-conjugated anti-y 
globulins (Institut Pasteur), *% cells positive 20h after infection; 
t% cells positive 36h after infection. Virus production was deter- 
mined by fluorescent focus assay on HeLa cells’, Cells were grown and 
infected in the conditions described above on 60-mm dishes. Cells and 
overlying medium were collected 48 h after infection and frozen and 
thawed 3 times. HeLa cells grown on coverslips were infected with 
convenient dilutions of the cell extracts. They were fixed 48 h after 
infection and stained by indirect immuno-fluorescence using rabbit 
multivalent capsid antiserum, as the specific reagent. {Virus yield 
expressed as fluorescent focus units (FFU). 


adenovirus-specific T antigen and of late capsid proteins was 
found to occur in both the primitive PCC3 and the dif- 
ferentiated PCD3 cells. The fluorescence pattern of the T 
antigen is characteristic of adenovirus, as shown in Fig. 1. 
Both types of cell produced infectious virus, although at a 
titre 50-100 times lower than HeLa cells. 

These results show clearly that adenovirus type 2 can 
infect the primitive teratocarcinoma cells as efficiently as 
it can the differentiated cells. In contrast, the primitive 
cells are resistant to both polyoma virus and SV40: less 
than 1 in 10* cells was T-antigen and V-antigen positive 
after polyoma infection and no T-antigen positive cell could 
be detected after SV40 infection (M. Boccafa and F. Kelly, 
unpublished). The diversity in response to the viruses is 
interesting in view of both similarities and differences exhi- 
bited by papovaviruses and adenoviruses. All three viruses 
replicate exclusively in the nuclei of the permissive cells 
and the viral genome is integrated into the host chromo- 
some during the lytic cycle’. Adenoviruses, however, con- 
tain seven times as much DNA and are also more complex. 
In particular, at least two early genes of adenovirus are 
necessary for replication of the viral DNA”, whereas early 
mutants of SV40 and polyoma fall into only one comple- 
mentation group. It is also interesting to note that adeno- 
virus recombines far more efficiently than does SV40 or 
polyoma. 

Because very little is known about the early events which 
take place in the nucleus before initiation of viral transcrip- 
tion and the appearance of the T antigen, one can only 
speculate on the basis for the different response of the 
primitive stem cells to papovaviruses and adenoviruses. 
The hypothesis we favour is that one or several cellular 
functions required early in the lytic cycle of SV40 and 
polyoma, possibly recombination between host and viral 
genomes, is missing in these cells. A function, carried or 
coded by the more complex adenoviruses could obviate this 
deficiency. Experiments are in progress to test whether 
coinfection by adenovirus will help SV40 or polyoma to 
infect primitive teratocarcinoma cells. We are also attempt- 
ing to obtain clones of primitive cells containing a fragment 
of the adenoviral genome, which may be useful as a marker 
during their differentiation. 
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Is the scrapie agent a virus ? 


THE nature of the scrapie agent has been obscure for many 
years. It is not known whether it is a virus in a strict sense, 
some replicating agent which is devoid of nucleic acid’'?, or 
a transmissible self-replicating cellular membrane**. In pre- 
vious experiments with the Chandler strain of the scrapie 
agent, numerous 14-nm virus-like particles were isolated’ 
from infected mouse brains using repeated fluorocarbon 
extraction procedures which have been used for the isolation 
of Aleutian disease virus from infected mink tissues*’’, The 
present experiments were designed; first, to determine if 
similar 14-nm virus-like particles could be isolated from 
hamster brains infected with scrapie agent; and second, to 
determine if the 14-nm virus-like particles induce scrapie in 
mice and hamsters. 

Hamster brains (39g) infected with the scrapie agent 
were obtained rom Dr R. F. Marsh* of the University of 
Wisconsin. The hamster brain suspensions were extracted 
repeatedly with fluorocarbon as described previously’. The 
final scrapie extracts from the 39g of hamster scrapie 
brains were resuspended in 1.5ml of 0.05 M Tris-HCl, 
pH 7.4. A CsCl density gradient ultracentrifugation was 
performed with these hamster scrapie extracts at 25 °C at 
243,000¢ for 72h. In the same run, three other preparations 
(mouse scrapie brain extracts, normal mouse brain extracts 
and normal hamster brain extracts) were also ultra- 
centrifuged. Mouse scrapie brain extracts and normal 
mouse brain extracts were used as prepared previously’. 
Normal hamster brain extracts were prepared from the 
same strain of 10-week-old hamsters (LVG: LAK strain) 
(purchased from Lakeview Farms, Newfield, New Jersey). 
From 68g of normal hamster brains, 1.7m] of normal 
hamster brain extract was prepared. After the CsCl gradient 
ultracentrifugation, only one band was visible with the 
normal mouse brain and normal hamster brain extracts. 
This band was located in the region of buoyant density of 
1.29-1.30 g cm™ in the CsCl (fraction 5). With the mouse 
and hamster scrapie extracts, however, one band was 
observed at the same place and another in the region of 
buoyant density of 1.33-1.34 gcm™ (fraction 6). Numerous 
virus-like particles, measuring about 14-15 nm in diameter 
as seen previously’ were observed in the second band of 
both hamster and mouse scrapie extracts. The structure and 
size of these particles from these two scrapie extracts from 
mice and hamsters are identical. No virus-like particles 
were observed in the first band (density 1.29-1.30 g cm™°) of 
any of the four different preparations, nor in the regions 
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of buoyant density of 1.33-1.34 gcm™ of normal hamster 
or mouse brain extracts. The CsCl gradient was collected 
in 10 fractions from the top of the tube using Pasteur 
pipettes. Particles with the structure of membranes were not 
detected in the fractions from the four different extracts. 

Comparative titres of infectivity of the different stages of 
fluorocarbon extractions and the CsCl gradient fractions 
of mouse scrapie extracts were determined in mice. Groups 
of six to ten Swiss albino mice were inoculated intra- 
cerebrally with 0.03 ml in serial tenfold dilutions of the 
various scrapie preparations. Each experiment of mouse 
scrapie infectivity was terminated 47 weeks after inocula- 
tion and brains and spinal cords removed from those mice 
which developed scrapie symptoms. Scrapie was diagnosed 
by the astrocyte response in these tissues using the Cajal’s 
gold sublimate method as described by Hadlow’. The in- 
fective dose (IDs) defined as that dilution of material which 
induced scrapie in 50% of the inoculated animals, was 
calculated by the method of Reed and Muench”. 

The results of titration of mouse scrapie preparations are 
shown in Table 1. Scrapie infectivity was markedly 
reduced by the repeated fluorocarbon extraction procedures 
and CsCl gradient ultracentrifugation. In the CsCl] gradient 
of mouse scrapie extracts, maximum infectivity was 
detected in the pooled fractions 6-8 which yielded 14-nm 
virus-like particles. In this group of mice, scrapie symptoms 
were first observed 23 weeks after inoculation, whereas in 
those mice inoculated with mouse scrapie brain suspension, 
scrapie symptoms were first observed at 17-18 weeks after 
infection. The astrocyte response was always detected in 
mice which developed scrapie symptoms. 

Infectivity of hamster scrapie brain (195 ml), final hamster 
scrapie extracts (1.5 ml) and of the pool of fractions 6-7 
(1.5 ml) of the CsCl gradient of hamster scrapie extracts 
which yielded the 14-nm virus-like particles, was titrated 
in hamsters by inoculation with 0.05 ml intracerebrally. 
The infectivity titres of these three inocula were IDs 10°’, 
10°* and 10° per 0.05 ml respectively during the observation 
period of 39 weeks. The diagnosis of scrapie in hamsters 
was also confirmed by astrocyte response. In hamsters, 
scrapie symptoms were first observed 10 weeks after infec- 
tion with hamster scrapie brain suspension and after 12 
weeks with the other two preparations. The infectivity titre 
of hamster scrapie extracts is being determined more pre- 
cisely using fractions 1-5 collected from the top of the 
CsCl gradient, and fractions 6-10 through a hole in the 
bottom of the tube. 

Previous studies’ showed that the final mouse scrapie 
extract from 132g of brain contained 8.8 mg of protein 
in a total volume of 10ml. Therefore, the fluorocarbon 
stage in the purification of virus-like particles leads to the 
removal of about 99.99% or “4 logs” of brain tissues. In 
the present experiments 5.8 logwIDs, units of mouse infec- 
tivity and 5.2 logiIDs units of hamster infectivity were lost 
during fluorocarbon treatment, and exposure to CsCl! caused 
further decreases in the infective titre. This marked reduc- 
tion of scrapie infectivity is consistent with the observations 
of others" that the scrapie agent is inactivated by various 
lypophilic solvents and by CsCl. The density of the 14-nm 
particles and the maximum infectivity found in fractions 
6-8, is however, consistent with the report of Gibbs’? in 
which maximum scrapie infectivity was observed at densities 
between 1.32 and 1.37 gcm™ in a CsCl gradient. 

In view of the findings that identical 14-nm_ virus-like 
particles were isolated from the brains of two different 
animal species (mouse and hamster) obtained from two 
different laboratories, scrapie infectivity was detected in 
the fractions yielding these 14-nm particles, and as these 
virus-like particles form a homogenous band is a CsCl 
gradient, I suggest that the 14-nm particles are likely to be 
the causative agent of scrapie. 

I thank W. J. Hadlow for providing mouse scrapie brains 
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Table 1 Infectivity of mouse scrapie brain extracts 





Preparations 


Scrapie mouse brains suspension 
Freon 113 BORE ae 
10,000g 30 nit supernatant 
100,000g 5 h N EAER 
100,000g 5 h pellets 
Freon 113 pica ice 
10,000g 30 wat supernatant 
100,000g 10 h s scant 
100,000g 10 h T etii (mouse scrapie extracts) 


CsCl fractions* Electron microscopy 
-4 pool No virus 
5 No virus 
6-8 pool Numerous 14-nm virus-like 
particles and some ferritins 
9-10 pool Ferritins 


Titres of scrapie infectivity 


Total titres 
Amount logyolD so per 0.03 ml — (logyopfD 50) 
(ml) 
790 7.0 11.4 
660 4.9 9.2 
660 2.0 6.3 
100 Not done — 
100 3.8 73 
100 1.4 4.9 
10 3.1 5.6 
Total 
amount 
10} <0.5 <3.0 
10 <0.58t <3.08 
10 2.5 5.0 
10 <0.5 <3.0 





* Fractions were collected from top of the table. Two bands were visible: in fraction 5 (density 1.29-1.30 g cm~?) and in fraction 6 (density 


1.33-1.34 g cm~’). 


t Only 1 ml of the total amount of 10 ml mouse scrapie extract was centrifuged on CsCl. The CsCl fractions were diluted with 0.85% saline, 
concentrated by centrifugation at 300,000g for 5 h and the pellets were suspended in 1 ml of saline. r P 
t Scrapie was diagnosed in one of 7 inoculated at 10— dilution at 35 weeks. No mice showed scrapie symptoms at 10~? or higher dilutions 


in the fractions 1-4 and 9-10 pools. 
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Rifampicin-resistant RNA 

polymerase and NAD transferase 

activities in coliphage N4 virions 

SEVERAL animal viruses carry within the infectious particle 
a number of enzymatic activities'’. Prominent among these 
are the RNA synthetases of orthomixo, paramixo, rhabdo- 
and diplornaviruses’*, the DNA-dependent RNA poly- 
merase of poxviruses’ and the reverse transcriptases of 
oncornaviruses**, all of which play important roles in the 
virus life cycle. Exclusion of vital enzymes from the virion 
of all complex bacterial viruses seems, on the other hand, 
to have been the result of the evolutionary trend followed 
by these agents. A notable exception to this rule seems to 


be represented by coliphage N4 (ref. 10). It has been 
reported that transcription of N4 early genes'’” and incor- 
poration of “P-orthophosphate into several host proteins” 
occur in Escherichia coli cells treated before infection 
with rifampicin and chloramphenicol. A possible explana- 
tion for these findings was that N4 injects into the cell the 
relevant enzymes along with its DNA. We report here the 
detection of a rifampicin-resistant RNA polymerase and a 
nicotinamide adenine dinucleotide (NAD) transferase in 
purified N4 particles. 

To demonstrate the existence of virion-associated enzymes 
several procedures were successfully developed for the 
rupture of the virus protein coat™ since preliminary experi- 
ments failed to show any activity in intact phage prepara- 
tions. Disruption of isopyenically purified N4 (ref. 10) by 
three cycles of freezing in liquid nitrogen and thawing at 
37 °C was finally adopted for the sake of simplicity. These 
NA cryolysates were briefly sonicated and the DNA pre- 
cipitated with streptomycin. Residual intact virions, ghosts 
and DNA were removed by centrifugation, and the clear 
extracts, after dialysis, served as the source of enzyme. 

Table 1 shows that incorporation of *H-UTP into RNA 
was mediated by these N4 preparations in a modified RNA 
polymerase assay’. Like the RNA polymerase of E. coli, 
N4 enzyme requires all four ribonucleotide triphosphates, 
Mg’* and a DNA template for optimal activity. The acid- 
insoluble product is totally susceptible to RNase digestion, 
and it is not synthesised in the presence of actinomycin D. 
On the other hand, N4 enzyme is inhibited by low con- 
centrations of monovalent ions and by phosphates, and 
shows a stringent template specificity in that only homo- 
logous phage DNA acts as an efficient primer. Furthermore, 
the functioning of N4 polymerase is highly resistant to the 
antibiotic rifampicin at concentrations that inhibit E. coli 
RNA polymerase**”’. 

As an indication of the fidelity of transcription by the 
phage enzyme, RNA synthesised in vitro from N4 DNA 
hybridised with high efficiency (43%) to denatured N4 DNA 
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Table 1 Characteristics of N4 virion-associated RNA polymerase 


activity 
Activity (%) 
Complete system 100 
Omit ATP, or CTP, or GTP 1 
Omit Mg** 8 
Omit N4 DNA 2 
Add calf thymus DNA (50 pg mi) 18 
Add E.coli DNA (200 jig mi~) 7 
Add 0.15 M KCl 21 
Add 0.05 M K phosphate, pH 7.0 19 
Add RNase (10 ug mi~*) 1 
Add actinomycin D (10 pg ml~}) 1 
Add rifampicin (5 ug ml-*) 96 





Isopycnically purified N4 preparations were obtained as described 
previously®*. After three cycles of freezing in liquid nitrogen and 
thawing at 37°C the viscous lysates were sonicated for 30 s in a 
Branson apparatus at an output of 50 W. Removal of DNA was 
effected by adding streptomycin to a final concentration of 6%. After 
15 min at 4 °C, precipitated DNA, ghosts and residual intact phage 
particles were sedimented by spinning at 40,000 r.p.m. for 90 min in the 
50 rotor of an L3-50 Spinco ultracentrifuge. After thorough dialysis 
against 0.01 M Tris-HCI buffer, pH 7.2, containing 0.001 M MgCl,, 
the clear extract was used as the source of enzyme. 

Complete system for the assay of N4 polymerase activity contained 
10 pmol Tris-HCl (pH 7.9), 2.5 pmol MgCl,, 25 nmol dithiothreitol, 
25 nmol EDTA, 125 ug bovine serum albumin, 2 pmol N4 DNA, 
37.5 nmol each of the four ribonucleoside triphosphates of which 
UTP was labelled with °H (Amersham, England; specific activity 
5 x 10°-2 x 10* c.p.m. nmol~') and 30 ul N4 cryolysate in a final 
volume of 250 yl. After incubation at 37 °C for 15 min, the reaction 
was terminated by the addition of 3 ml ice-cold 5% TCA containing 
10-* M sodium pyrophosphate. The acid-insoluble RNA product was 
collected on Whatman GF/C filters, washed and counted as reported 
previously*’. For the complete system 100% activity was 5,200 c.p.m. 


(Table 2). In addition, unlabelled RNA synthesised by N4- 
infected Hfr 3300 cells either untreated or pretreated with 
rifampicin and chloramphenicol''*” competed (greater than 
90% inhibition) with labelled RNA produced in vitro. These 
data indicate that the RNA species synthesised in vitro by 
N4 virion polymerase are not qualitatively different from 
those produced during in vivo infection. 

Phosphorylation of proteins is catalysed by phage-coded 
products through at least two mechanisms involving either 
protein kinases hat transfer phosphate from ATP to seryl 
groups of acceptor molecules”, or NAD transferases that 
modify target polypeptides by the simultaneous addition 
of adenosine and phosphorus’. None of these enzymes 
has been shown to be virion associated. 

N4 particles do not carry a protein kinase since “P was 
not transferred to proteins in reaction mixtures containing 
y-"P-ATP (not shown). On the other hand, N4 cryolysates 
were active in transferring radioactivity from “C-NAD into 
acid-precipitable linkage with various acceptor proteins 
(Table 3). Among those proteins tested, lysozyme was the 
best acceptor. Dithiothreitol markedly stimulated “C-NAD 
incorporation possibly implying an activation of the enzyme 
by thiol compounds”. 

The label bound to the reaction product resisted heat 
treatment in mild acidic and alkaline conditions, and diges- 
tion with DNase. After treatment with Pronase and snake 
venom phosphodiesterase ‘“C-radioactivity was converted 
to an acid-soluble form (not shown). These results suggest 
that N4 enzyme may be similar to the ADP-ribosyl trans- 
ferase activities that have been established for diphtheria 
toxin™™, Pseudomonas aeruginosa PA toxin® and T4 
‘alteration’ factor”. 

In a preliminary effort to characterise the molecular 
nature of N4 enzymes, ”SO,-labelled isopycnically purified 
virions were disrupted, treated with DNase, and clarified 
from ghosts and residual intact particles by centrifugation; 
the supernatant containing both enzymatic activities was 
electrophoresed in sodium dodecyl sulphate (SDS)}-poly- 
acrylamide slab gels”. In the autoradiogram shown in Fig. 1 
two radioactive bands with approximate molecular weight 
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Fig. 1 Identification of polypeptides present in N4 virion cryo- 
lysates. Isopycnically purified **SO,-labelled N4 particles, 
ducated by three cycles of freezing and thawing, were treated 
with DNase (5 ug ml?) for 15 min at 37 °C. Ghosts and residual 
intact virions were removed by spinning as specified in Table 1. 
Samples of intact radioactive particles (25 pl, 50,000 c.p.m.) 
and enzymatically active cryolysates (25 pl, 1,100 c.p.m.) were 
prepared for SD: lyacrylamide electrophoresis in 10% slab 
gels using the procedures and apparatus described previously ®*>*. 
In the autoradiogram shown the origin of electrophoresis is at 
the top. a, Migration pattern of N4 cryolysates; b, migration 
pattern of intact N4 virion polypeptides. 


of 65,000 are visible. Whether these polypeptides can be 
considered dissociated subunits of one or both N4 enzymes 
or merely represent internal proteins, remains to be estab- 
lished. 

Although rifampicin-resistant phage-coded RNA poly- 
merases are known to be synthesised in infected cells during 
the life cycle of T7 (ref. 25), T3 (ref. 26), PBS2 (ref. 27) 
and gh-1 (ref. 28) bacteriophages, N4 enzyme provides the 
first example of a virion-associated transcription apparatus 
in bacterial viruses. 

The occurrence of this enzyme as an integral part of N4 
may be of evolutionary significance for a virus which re- 
plicates exclusively in the polar regions of its host”. Besides, 





Table 2 Hybridisation-competition of N4 RNA polymerase product 
by various RNA preparations 





Amountof c.p.m. in % RNA 


Type of non-radioactive 
4 34 invitroRNA hybrid — hybridised 


competing RNA 


(c.p.m.) 

None 3.1 x 10* 13x10 43 
Uninfected E.coli RNA 

(200 ug mi~) 3.1x10°  1.3x10° 43 
RNA isolated from E.coli cells 

4 min after N4 infection 

(50 ug ml) 3.1 x 10* 1.2 « 10* 3.9 
RNA isolated from E.coli cells 

pretreated with rifampicin 

and chloramphenicol, and 

infected for 4 min with N4 

(50 ug ml ~) 3.1 x 10° 1.1 x 10° 3.5 


Labelled RNA synthesised by N4 virion-associated RNA poly- 
merase in the conditions reported in Table 1, was purified from the 
reaction mixture by phenol extraction". Competitor RNA molecules 
were prepared from uninfected or N4-infected E.coli Hfr 3300 cells 
as specified previously". Conditions of N4 infection in the presence 
of chloramphenicol and rifampicin have been described'*. RNA-DNA 
hybridisation was carried out as already reported" using N4 DNA 
(2 pg) bound to nitrocellulose filters. 
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Table 3 Characteristics of N4 virion-associated NAD transferase 
activity 
Activity 
(%) 
Complete system 100 
Omit dithiothreitol 7 
Omit Mg?* 52 
Substitute lysozyme with the following acceptor proteins : 
Histones 63 
E.coli cell-free extract 56 
RNase 30 
Protamine 9 
Bovine serum albumin 7 
N4 ghosts 6 
Casein 5 





N4 cryolysates were obtained by freezing and thawing as specified 
in Table 1. The viscous lysates were treated with DNase (3 ug ml ~) 
at 37 °C for 15 min. Ghosts and residual intact virions were removed 
by centrifugation at 40,000 r.p.m. for 90 min in the 50 rotor of an 
L3-50 Spinco Ultracentrifuge and the clear extract was used as the 
source of enzyme. 

Complete system for the assay of N4 NAD transferase activity 
contained 4 umol Tris-HCl (pH 8.2), 7.5 nmol EDTA, 3 umol dithio- 
threitol, 4 umol MgCl,, 30 ug lysozyme (Koch and Light), 50 pmol 
“C-NAD (Amersham, England; specific activity 280 Ci mol~) 
and 15 ul N4 cryolysate in a total volume of 65 yl. RNase (Boeh- 
ringer) bovine serum albumin (Sigma), histones (Sigma, fraction II), 
Protamine (Sigma) and Caseine (Sigma), when used as acceptors, 
were present in the reaction mixture at a concentration of 30 ug. 
Hfr 3300 cells grown in 50 ml M9S medium” at a concentration of 
510° mi~ were collected by centrifugation, washed in distilled 
water, resuspended in 1 ml 0.001 M Tris-HCI buffer (pH 8.2) and 
sonicated at 0 °C for 2 min in a Branson sonifier at an output of 
70 W. After centrifugation at 10,000 r.p.m. for 10 min, 10 pul of the 
clear cell-free extract were added to the NAD transferase reaction. 
Purified N4 ghosts prepared as reported previously" were added 
at a final concentration of 20 pg. After incubation at 25 °C for 60 min 
the reaction was terminated by addition of 65 ul 10% TCA. The 
acid-insoluble radioactivity was collected on Whatman GF/C filters, 
washed with 5% TCA and counted as detailed previously. For the 
complete system 100% activity was 1,850c.p.m. 


the identification of a rifampicin-resistant RNA polymerase 
in N4 particles provides a likely explanation for the drug 
resistance of phage transcription during the early stages of 
replication’. This enzyme is injected along with the phage 
genome at infection. Once in the cell the injected poly- 
merase will immediately direct the synthesis of additional 
drug-resistant RNA polymerase molecules by transcribing 
N4 cistrons 3 and 4 (ref. 30) which probably code for this 
activity. Expression of the early genes then takes place 
at a suitable rate and the phage DNA is replicated™”, 
Late genes are next transcribed with the mandatory 
participation of an N4-modified form of E. coli poly- 
merase”’, During morphogenesis N4-coded RNA polymerase 
or a catalytically active subassembly of this enzyme is 
finally packaged into the infectious virions. Mero complex 
models of N4 gene expression can also be constructed on the 
basis of present and previous evidence. 

When injected into the host, N4-associated NAD trans- 
ferase catalyses the phosphorylation of about 30 bacterial 
proteins, which do not include any of the host RNA poly- 
merase subunits’. A NAD transferase which ‘alters’ the 
a subunit of E. coli RNA polymerase’’” has been tenta- 
tively located by Horvitz” in T4 particles. T4 mutants de- 
ficient in ‘alteration’ have been shown to be perfectly 
viable”. It has been suggested that the main role of ‘altera- 
tion’ may reside in the ability to confer a broad host range 
on T4 phage”. Since N4 replicates productively only in the 
K12 strains of E. coli”, amplification of the host range by 
possession of the virion-associated NAD transferase seems 
improbable. Considering the scarcity of receptors for N4 
on the surface of sensitive cells”, we favour the hypothesis 
that during evolution N4 NAD transferase was retained in 
the virion because of some positive role it may have in 
initiating the infectious process. Detailed physicochemical 
and biochemical characterisation of N4 virion-associated 
enzymes will be reported elsewhere. 
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Human cytomegalovirus infection, 


of WI-38 cells stimulates 
mitochondrial DNA synthesis 


Human cytomegalovirus (HCMV) infection has been shown 
to lead to the stimulation of host cell DNA and RNA 
synthesis in both permissive and non-permissive cells’? 
This effect on DNA synthesis occurred at about 12-16 h 
after infection, and preceded synthesis of viral DNA by 
36h. The host cell DNA species which are stimulated have 
not been characterised. We show here that much of the 
stimulation of DNA synthesis was due to an increased rate 
of mitochondrial DNA synthesis and that ethidium 
bromide inhibited HMCV replication. 

Confluent cultures of WI-38 cells were infected with 
HCMV at a multiplicity of infection of 1 plaque-forming 
unit (PFU) per cell. In all the experiments (unless other- 
wise noted) WI-38 cells were infected at least 5d after 
reaching confluency in minimum essential medium (MEM) 
plus 10% foetal bovine serum. After infection the cultures 
were refed with MEM containing 0.4% foetal bovine serum, 
to minimise the stimulatory effect of serum on cellular 
DNA, and incubated at 37 °C. In these conditions, typical 
nuclear inclusion bodies for HCMV were demonstrated in 
virtually all of the cells 3d after infection. Total DNA 
synthesis was measured by labelling the cells for 60 min 
with *H-thymidine (‘H-dT) at various times after infection. 
Mock-infected cultures were used as controls. 

The incorporation of *H-dT into cellular DNA and the 
HCMV infectivity of WI-38 cells at various intervals are 
shown in Fig. 1. Infectivity was not seen until 48h after 
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infection, when a small amount.of virus was detected; this 
amount subsequently increased. y 

Apparently the incorporation of *H-dT occurred in two 
phases: the first reaching a maximum at 16h after infec- 
tion, then decreasing until 36h, when the second phase 
begins. Previous DNA analysis by equilibrium CsCl cen- 
trifugation showed viral DNA. only in specimens obtained 
36h after infection (ref. 1) and reached a peak at 96h. 

Mitochondrial DNA was isolated from cytoplasmic 
extracts by zonal centrifugation in sucrose density gradients 
and then analysed in equilibrium CsCl-ethidium bromide 
gradients. Figure 2 presents the incorporation of 3H-dT 
into the mitochondrial DNA of WI-38 cells labelled for 1h 
at 16h after infection. Most of the radioactive precursor 
was incorporated into mitochondrial DNA. The rate of 
‘H-dT incorporation into mitochondrial DNA in infected 
cells was approximately five times that in control cells, As 
expected’, the greater part of the incorporated radioactivity 
was found in the same fraction as the closed circular SV40 
DNA added to the gradient as a marker. l 

Analysis of mitochondrial DNA at various times after 
infection revealed that the rate of incorporation of °H-dT 
into mitochondrial DNA of infected cells was always 1.5 
to 5 times higher than in the control cells and the greatest 
increase occurred between 12 and 18h after infection. 
Mitochondrial DNA labelled with ‘*C-dT and prepared 
from mock-infected cells by the same type of CsCl gradient 
procedure was then mixed with SV40 DNA as marker, and 
the mixture sedimented through a 5+20% sucrose gradient 
at neutral pH. The peaks of *H-dT label from infected cells 
coincided with the peaks of the “C label from mock- 
infected cell DNA (Fig. 3). ’ 

Greater incorporation of a DNA precursor into mito- 
chondrial DNA is insufficient as evidence of an increase in 
the rate of synthesis of mitochondrial DNA in the infected 
cells, because the pool size of thymidine, the kinase levels 
and the rate of turnover may differ from those in uninfected 
cells. For these reasons, additional experiments were carried 
out at 12 and 24h past infection. Cultures prelabelled 
with “P were used to measure specificity of the acid-soluble 
pool of dT triphosphate. Inorganic “PO, (5 pCi ml”) was 
added to the culture and the cells were continuously labelled 
for 48h before infection. *H-dT (10 uCiml’) was added 
to infected and non-infected cells for 1h at 12h and 24h 
after infection. The ratio of ”P to °H in dT triphosphate 


Fig. 1 Monolayers of WI-38 cells in 3-cm Petri dishes containing 
3x105 cells were infected at:an input multiplicity of 1. At 
various times after infection, 3H-dT was added at a concentra- 
tion of 1 Cı ml~ and the cells incubated at 37 °C for 60 min 
After incubation the cells were lysed with 0.1% sodium dodecyl- 
sulphate and precipitated with 5%' trichloroacetic acid. Pre-' 

. cipitates were filtered and radioactivity counted. Infectivity of 
cell-associated virus was assayed after disrupting the cells by, 
sonication”, O, Infectivity; mcorporation of °H-dT, @, mock- 

infected cells; JJ, infected cells 
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Fig. 2 WI-38 cells (3x 10°) were infected, 5d after reaching 
confluent monolayers, with-HCMYV at a multiplicity of 1 PFU 
per cell. At 16h after infection, cells were labelled for 1 h with 
5 uCi ml of *H-dT (specific activity 6.7 Ci mmol). Mock- 
infected cells were treated identically. At the end of the incuba- 
tion cytoplasmic extracts were prepared according to a method 
previously described’, and were layered on to 15-30% sucrose- 
sodium dodecylsulphate gradients and centrifuged at 25,000 
r.p.m. in an SW27 rotor for 16 hat 25 °C. Fractions were collected 
from the gradient. The fractions corresponding to the lower 
half of the gradient were pooled and precipitated with alcohol. 
Nucleic acids were resuspended in 10 mM Tris (pH 7.6) and 1 mM 
EDTA made 2 M in CsCl, and left overnight. After centrifuga- 
tion at 15,000g for 10 min, the solution received CsCl to a 
density of 1.530 g cm~-and ethidium bromide to a concentration 
of 250 pg ml-?. Centrifugation was carried out in the SW50 
Spinco rotor for 36h at 44,000 r.p.m. at 20 °C. The position of 
supercoiled DNA molecules was checked using SV40 circular 
DNA labelled with “C as a marker. @, Infected; O, mock- 
‘ infected; A, SV40 circular DNA. 


was measured using the methods for acid-soluble extracts 
and polyethyleneimine thin-layer chromatography as des- 
cribed by Neuhard et al.°. The specific activities of the 
acid-soluble pools of dT triphosphate were unaffected in 
both infected. and uninfected cultures. 

Because HCMV has a Jong eclipse period (48-72 h)**, 
the stimulation of mitochondrial DNA occurs before viral 
replication. It was interesting, therefore, to determine the 
effect of ethidium bromide on ‘both mitochondrial DNA 
and viral production. Confluent monolayers of WI-38 cells 
were infected with HCMV and after allowing 1h for virus 
adsorption, medium containing various concentrations of 
ethidium bromide was added. At intervals after infection, the 
total incorporation of *H-dT into DNA was measured as 
in the experiment presented in Fig. 1. Infectivity of cell- 
associated virus was assayed 3d after infection. At concen- 
trations of 5 and 1 ag ml’, ethidium bromide completely 
abolished the HCMV-induced DNA stimulation and de- 
creased infectivity by more than three orders of magnitude. 
At a concentration of 0.1 øg ml” of ethidium bromide, 
incorporation of °H into DNA was only slightly decreased 
whereas infectivity was about ten times lower than in the 
untreated culture (Fig. 4). 

The data presented here indicate that HCMV stimulated 
mitochondrial DNA in cells where DNA synthesis was re- 
pressed by contact inhibition or by depletion of serum’. 
The stimulation of mitochondrial DNA preceded viral 
DNA replication and was thus an expression of an early 
function of the viral genome. These results are not 
analogous to those observed in cells infected with simian 
virus_40 (SV40), polyoma or herpes simplex virus. SV40 
and polyoma stimulate mitochondrial DNA synthesis con- 
comitantly with virus-directed induction of nuclear DNA 
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Fig. 3 DNAs from infected or mock-infected cells were first 
purified by centrifugation in CsCl-ethidium bromide gradients 
as described in Fig. 2. The two peaks from these gradients (frac- 
tions 12 and 15) were then dialysed and sedimented through a 
neutral 5-20% sucrose gradient for 10h at 25,000 r.p.m. in an 
SW27 rotor. Fractions were collected as shown tn the figure, and 
radioactivity measured. A sample of SV40 circular DNA was 
added to a gradient containing mock-infected cell DNA ©, 
3H-DNA from infected cells; O, *C-DNA from mock-infected 
cells; W, SV40 DNA. 


synthesis“'™?, In herpes simplex infection, nucleus-directed 
macromolecular synthesis is progressively: inhibited, and 
mitochondrial stimulation may reflect the elimination of 
the nuclear repressor system for mitochondrial DNA re- 
plication”. 

That stimulation of mitochondrial DNA synthesis by 
HCMV is not mediated through a stimulation of nuclear 
DNA 1s indicated by the fact that the latter was demon- 
strated only late in the growth cycle of the virus. Further 
work is necessary to clarify the relationship between the 
stimulation of mitochondrial and nuclear DNA. 

Although the biological significance of the inhibitory 


Fig. 4 Confluent monolayers of WI-38 cells in Petri dishes 
(diameter 3 cm) were infected with HCMYV. After 1 h absorption, 
the cells were incubated ın media containing various concentra: 
tions of ethidium bromide. At the indicated times after infection, 
3H-dT was added at a concentration of 1 pCi ml- for 30 min. 
Samples to measure radioactivity incorporated into the cells 
were processed in the same manner as that described in Fig. 1. 
Infectivity of cell-associated virus was assayed at 4 d after infec- 
tion. O, Without drug; O, 0.1 pg ethidium bromide; A, 1 pg 
ethidium bromide; @, 5 ug ethidium bromide. 
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effect of ethidium bromide on the growth of HCMV must 
remain speculative, two possibilities can be considered. 
HCMV may require more energy from mitochondria for 
replication than do other viruses. Alternatively, since, at 
low concentrations, more ethidium bromide 1s bound to 
supercoiled DNAs than to normal double helices’, the 
DNA of HCMV may form circular DNA at a certain stage 
of the replication cycle. In any case it is clear from the 
data that HCMV acts as a trigger for the stimulation of 
mitochondrial DNA synthesis and this stimulation may be 
a necessary factor for subsequent HCMV replication. 
This work was supported in part by a USPHS research 
grant from the National Institute of Allergy and Infectious 
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Rhodopsin analogues from highly 


hindered 7-cis isomers of retinal 

ALL known visual pigments have as chromophore the sterically 
hindered 11-cis isomer of retinal. Shortly after this was estab- 
lished, an unsuccessful attempt was made to prepare the much 
more hindered 7-cis-retinal by partial reductjon of the corres- 
ponding 7,8-acetylene?. But, four new geometric isomers of 
retinal, all apparently 7-cis, have been synthesised by a six-step 
non-stereospecific sequence*. Structural assignments of the 
isomers were originally based on spectral data of two fractions 
of partially separated mixtures of isomers (7-cis and 7,9-dicis; 
7,13-dicis and 7,9,13-tricis). Their configurations were, therefore, 
not completely firm. Since then two of the four isomers (7-cis 
and 7,9-dicis) have been isolated by high pressure liquid 
chromatography (HPLC). Their nuclear magnetic resonance 
(NMR) spectra unambiguously confirmed the tentative assign- 
ments made earlier. That of 7-cis-retinal is shown in Fig. 1 as a 
representative example. The remaining two 13-cis isomers 
remain unseparated in various HPLC conditions. Their struc- 
tures, however, have since been confirmed through a stero- 
selective synthesis of 7,9,13-tricis-retinal®. We report here 
preliminary results of the interaction of these 7-cis-retinal 
isomers with cattle opsin. 

The ultraviolet absorption spectra of 7-cis-, 7,9-dicis- and 
7,9,13-tricis-retinal are shown in Fig. 2 together with that of 
all-trans-retinal. The relatively small hyposochromic shift of 
the a-band of the 7-cis isomers is consistent with the view of 
increased non-planarity only near the terminal positions of the 
polyene chain (that is, about the 6,7-bond) in 7-cis isomers‘. 
Thus, the 7,9,13-tricis isomer has a higher molar absorbance 
than 11-cis (36,600 compared with 26,400 (ref. 8)). 

All three isomers were tested with cattle opsin as to their 
possible formation of 7-cis analogues of rhodopsin. Cattle rod 
outer segment (ROS) membranes were isolated from frozen 
Hormel retina and stored in buffered solution according to the 
reported procedures®!°, When incubated with opsin in suspen- 
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Fig. 1 Fourier-transform NMR 
` spectrum of 7-cis-retinal in CDCl, 
recorded on a Varian -XL-100 
spectrometer The inset shows an 
expansion of the region between 
86 and 7 p p.m. The 7-cis isomers 
were purified and tsolated by 
’ HPLC on Corasil II or p-Porasil 
columns The major differences 
between the 7-trans and 7-cis 
isomers are the shift of Hy,:and 
and H, from, about 81.7 p p.m. 
resp. 6.3p.p.m. (7-frans) to 
about 81.5 p.p.m resp. 60 p.p.m. 
(7-cis) and the decrease of the 
coupling constant J;, from 16 Hz 
(7-trans) to about 12 Hz (7-cis) 


JU Offset 100 Hz 
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sion or in digitonin solution, the 7-cis-retinals as well as the 
all-trans slowly gave new absorption bands near 450 nm. The 
all-trans species, however, is due to random protonated Schiff 
bases between retinal and the various amoni groups present. 
With 0.1 M-hydroxylamine these are converted within seconds 
into retinal oxime (Amax 367 nm), with NaBH, to retinylamines 
(Amax 325 nm)’, while addition of 11-cis-retinal immediately 
generates rhodopsin. On the other hand, the new species 
formed by all the 7-cis isomers are stable in darkness to these 
reagents. Illumination destroys the 7-cis pigments, forming 
all-trans-retinal and opsin. The opsin can again recombine with 
11-cis-retinal forming rhodopsin. 

These data exclude the possibility that the new pigments are 
due to nonspecific interactions with opsin. The difference 
spectra before and after illumination in the presence of hydroxyl- 
amine show maxima at 450 +2 nm (7-cis), 460-42 nm (7,9-dicis) 
and 455+3 nm (7,9,13-tricis) (Fig. 3). The rate of pigment 
formation with the 7-cis retinals is only about 1/150 as rapid 
as with 11-cis-retinal. 

The 7-cis photopigments are clearly less stable than rhodop- 
sin. They are bleached in the dark in 1 % Triton X-100 or CTAB 
at room temperature, and seem to have a narrower pH-stability 
profile than rhodopsin. Attempts to purify the new pigments 
chromatographically have been hampered by this low thermal 
stability. Preliminary results indicate, however, that the dif- 
ference spectrum maxima correspond with true absorption 
maxima. Furthermore, the molar absorbances are not far 
different from that of rhodopsin. 


Fig. 2 Absorbance spectra of all-trans-(....), 7-cis-( ), 7,9- 





dicis-(- ~ - ) and 7,9,13- tricis-retinal (-. - . - Jin n-heptane. Amax, 

in parentheses, and molar absorbance coefficients (last two from 

Jef. 6): all-trans, (368) 48,000; 7-cis, (359) 44,100; 7,9-dicis, (351) 

42,500; 7,9,13-tricis, (346) 36,600, I1-crs, (365) 26,400, 9-cis, - 
ae 4 (363) 37,700. ` 
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Our observations indicate that the active site of opsin is much 
less exclusive than originally thought. It seems to accept most of 


the known geometrical isomers of retinal (cis at 7-, 9-, 11-, 7,9-, 
7,9,13- and 9,13 (ref. 11). Only 13-cis- and all-trans-retinals do 
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Fig. 3 Difference spectra of digitonin solutions of the pigments 
formed from opsin and various 7-cis isomers, obtained by sub- 
tracting the spectra of the bleached from those of the unbleached 
pigments in the presence of 0.1 M hydroxylamine. Illumination 
by a GE 150-W reflector flood light bulb at 35cm through a 
3-cm 6% CuSO, solution as-a heat filter and a Balzers 482-nm 
interference filter. A mixture of 7,9,13-tricis- and 7,13-dicis- 
‘retinal (about 1:3) also gives a pigment with a Amax at about 
457 nm, indicating that 7,13-dicis-retinal also reacts with opsin 
Although the properties of the new pigments clearly indicate that 
they are different from each other and from known pigments 
(rhodopsin, tsorhodopsin I, II), we have not yet established rigor- 
ously the geometry of the retinals in the new pigments Indirect 
evidence 1s our observation that the Amax of the oximes liberated 
during thermal denaturation in 1% CTAB+01 M hydroxyl- 
amine corresponds with that obtained with the original retinal 
isomer (Amax Oximes: 7-cis, 353 nm; 7,9-dicis, 345 nm; 7,9,13- 
tricis, 344 nm, all-trans, 359 nm). ——, 7-cis; ---, 7,9-dicis; 
ee , 7,9,13,-tricis. 
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not give rise to special pigments. But the rate of pigment 
formation and À max of the resulting pigments differ considerably 
for the various accepted isomers, 11-cis showing by far the 
highest rate and the largest redshift. As for the 7-cis analogues, 
the low reaction rate, low thermal stability and the smallest 
redshift observed suggest that conformational changes in the 
protein and/or the retinals take place in the formation of 
7-cis pigments and that the final fit involves less interaction 
between the sidechain of the 7-cis-retinals and opsin than in the 
case of 1 1-cis-retinal. Apparently in the 7-cis analogues the pro- 
tein is in a thermodynamically less stable state and contributes 
less to the absorbance characteristics of the pigment. The 7,8-cis 
bond introduces a large twist between ring and sidechain and 
therefore affects the shape of the retinal molecule to a much 
greater extent than the 9-, 11- or 13-cis bonds This: might 
explain why in the case of 7-cis isomers the geometry of the 
rest of the chain appears to be much less important than in the 
case of 7-trans isomers and has little influence on the reactivity 
with opsin. As compared with protonated Schiff bases of 7-cis- 
retinals with n-butylamine (A may 410-425 nm in Triton X-100 
solution) the 7-cis pigments show a smaller redshift (20-25 nm 
for 7-cis and 35-40 nm for the 7,9-dicis and 7,9,13-tricis) than 
those in isorhodopsin and rhodopsin (50-60 nm). Similar to 
11-cis, we suggest the shifts of the 7-cis isomers result from some 
secondary interaction (but to a lesser extent) between opsin and 
retinal, which is enhanced by the 9-cis geomtetry. 
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Oxygen and toxicity 


inhibition of amino acid biosynthesis 

ALTHOUGH oxygen ıs of therapeutic benefit for various human 
diseases, its usefulness is limited by its toxicity!’*. In spite of 
progress, the cause of the convulsions observed ın humans and 
other animals exposed to hyperbaric oxygen remains un- 
known34, and the biochemical basis of the lung damage 
resulting from chronic exposure to increased oxygen tensions 
is poorly understood®. Oxygen toxicity, although necessarily 
expressed in different ways, affects various life forms from 
bacteria to man**. There is considerable theoretical basis and 
experimental evidence for mechanisms of toxicity shared at the 
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cellular and subcellular levels, and research on basic sites of 
toxicity has often involved tissue cultures or bacteria®. The 
growth and respiration of Escherichia coli is rapidly, but 
reversibly, inhibited by hyperbaric oxygen in minimal salts 
medium’. Significant protection for some microbes against the 
growth-inhibitory effects of hyperbaric oxygen has been 
obtained with nutritional supplements, including yeast extract’. 
We have now found that E. coli E-26, the source of which has 
been identified previously®, is protected from oxygen toxicity by 
yeast extract because of its amino acid content: a mixture of 20 
amino acids gave similar protection. 





Table 1 Contributions of individual amino acids to protection from 
oxygen-induced growth inhibition 





Generation time in a 


gas phase of Normalised* 

Amino acid deleted 1 atm air 4.2 atm O; ratio 
None 27.6+12 49.5+0.9 1 00+0 05 
All 41 5+1.1 978 +102 12.98 +1.27t 
Alanine 29.8 4-2.1 52.7+1.3 0.99 +0.07 
Arginine 31.4420 48.341.2 0 8740.05 
Asparagine 29.2+1.4 75.4445 1 45+0.12t 
Aspartic acid 29.64+2.0 49.5+0.7 0.95 +0.06 
Cysteine 30.1+1.4 92 548.7 1.7740 24¢ 
Glutamine 32 741.6 549+12 0.94 +0.06 
Glutamic acid 27.9+1.0 51.0+0.8 1.02 +0.04 
Glycine 26.6+1.4 St.AL+1.7 1.09 +0.09 
Histidine 354+1.8 55.942.3 0.89+0 07 
Isoleucine 32.441.1 243 +50 3 39+0.60T 
Leucine 31.241.3 1448.7 2 58+0.22t 
Lysine 30.2 +0.9 67.2 +45.9 1.264£0.14 
Methionine 31 940.8 88.448.4 1.55 +0.17t 
Phenylalanıne 30.7410 93.843.6 1.70+0.10t 
¿Proline ,- 28 340.8 §2.5+1.9 1.03 +0.05 
Serine 34.5+2.0 $2.5+2.5 0 84+0.02 
Threonine 30.1-41.4 71.445.1 1.36 +0.13t 
Tryptophane 29:5 +1.3 178414 3 3340.23f 
Tyrosine. 31.141.9 287 +63 5 40-+-1.29F 
Valine 35.641.7 901 +181 13.95 -+2.80t 
10 Non-protectivet 29.0+0 9 72.5418 1.38+0.03t 

amino acids 
10 Non-protective§- 40.1+3.9 106+2.5 150+0.11¢ 

amino acids plus ` 

threonine 
None; vitamins 31.0+0.9 $8.2+0.8 1.04-40.03 

added] 


i 
A defined basal salts medium containing glucose as the sole carbon 
source® was supplemented with mixtures of the 20 amino acids listed 
(each 0.65 mM) minus the indicated amino acids Cultures were 
adapted to growth in the individual test media with air as the gas 
phase and grown in small vials with stirring in a vessel which could 
be pressurised. The vessel was incubated in a constant temperature 
bath at'37 °C. During exponential growth at an absorbance of 0.1 to 
02 at 500 nm, the cultures were subjected to a gas phase of 1 atm 
of air plus 4atm of oxygen by pressurisation with pure oxygen. 
After 1 h, the vessel was decompressed. All samples for absorbance 
measurements were collected in tubes chilled in ice and measured 
immediately with a Gilford spectrophotometer (the relationship 
between absorbance and plate colony counts was linear up to 0.8 A, 
all measurements were made below 0.8) Generation times with a 
gas phase of 1 atm of air were calculated from the slope of best fit 
relating four determinations of the logarithm of absorbance at 500 nm 
to minutes of incubation; generation times in hyperbaric oxygen 
were extrapolated from changes in the logarithm of absorbance 
during | h in hyperbaric oxygen. Values are averages + se. with 
n= 8, except n = 12. for methionine and threonine; n = 4 for 
omission of all 20 amino acids, n = 4 for omission of 10 amino 
acids plus threonine, and n = 4 for 20 amino acids plus vitamins. 

*The quotient obtained by dividing the ratio of the hyperbaric 
oxygen to air generation times by the value of this ratio with none of 
the amino acids omitted. This ratio compensates for the differences 
in growth rates in the various media and is normalised with respect 
to the protection with all amino acids included. The values of nor- 
malised ratios increase as protection of growth in hyperbaric oxygen 
is reduced. 

+Significantly different at P < 0.05 from the value obtained with 
none of the amino acids omitted using Student’s ¢ test. 

{The amino acids included were: asparagine, cysteine, isoleucine, 
leucine, methionine, phenylalanine, threonine, tryptophan, tyrosine 
and valine 

§The amino acids included were the same as indicated in the pre- 
vious footnote, except that threonine was not included. 

J p-Aminobenzoic acid, niacin, and pantothenic acid, each 0 65 mM. 
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Single deletions of amino acids from the mixture (Table 1) 
revealed that 10 amino acids were not required for protection 
against growth inhibition in hyperbaric oxygen, but that 
deletion of valine, tyrosine, isoleucine, tryptophan, leucine, 
phenylalanine, cysteine, methionine, asparagine or threonine 
(listed in order of decreasing effect) caused significant (P < 0.05) 
loss of the protection afforded by the mixture of 20 amino acids. 

The simplest interpretation of these data is that hyperbaric 
oxygen significantly reduced synthesis of certain amino acids 
(those which provided protection when included). Presumably, 
oxygen inhibits specific enzymes involved in synthesis of these 
amino acids, although proof awaits direct enzyme assay. 

To reduce the number of enzymes that might be involved, 
intermediates of biosynthetic pathways for several amino acids 
were substituted for the appropriate amino acids to test their 
ability to protect cells from hyperbaric oxygen (Table 2). 
a-Ketoisovalerate substituted for leucine (Table 2), suggesting 
that the pathway, containing four enzymes, from a-ketoiso- 
valerate to leucine, is functional in oxygen-poisoned cells. In the 
parallel pathway for synthesis of leucine, valine and isoleucine, 
there is apparently a block (or blocks) in oxygen-poisoned cells 
of acetohydroxy acid synthetase, acetoxy acid reductoisom- 
erase or dihydroxy acid dehydratase, for a-ketobutyrate did not 
substitute for isoleucine. Valiné transaminase was not sensitive 
because a-ketoisovalerate substituted for valine. Leucine seemed 
to’ be the least critical of the branched-chain amino acids, 
perhaps because valine transamination is reversible and valine 
in the medium could provide a source of a-ketoisovalerate for 
the non-blocked series of reactions leading to leucine synthesis. 
Valine was among the most critical of the amino acids for 
protection from oxygen toxicity (Table 1). With valine bio- 
synthesis blocked before a-ketoisovalerate, and no valine in the 
medium, the cells not only would lack valine for protein 
synthesis, but could make neither pantothenate nor products 
(such as coenzyme A) from pantothénate. 

The synthesis of cysteine from serine was apparently impaired 
in hyperbaric oxygen (Table 1).. Homocysteine substituted for 
methionine (Table 2), indicating that inhibition occurred before 
homocysteine, and that the methyl’ transferase was relatively 
insensitive to hyperbaric oxygen. The sensitive site in methio- 
nine synthesis probably also accounts for the requirement for 
threonine during exposure to hyperbaric oxygen (Table 1). 
Asparagine was apparently required during exposure to hyper- 
baric oxygen because of inhibition of asparagine synthetase. 

The vitamins and vitamin precursor tested (Table 2) revealed 
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no additional protection even though their synthesis was 
impaired in hyperbaric oxygen (Tables 1 and 2). But failure to 
synthesise these vitamins probably would not have become 
growth limiting during the 1 h of exposure. 

Explanation of the results obtained with precursors of 
aromatic amino acids requires consideration of the presence of 
three isozymes for the production of deoxyheptulosonic acid 
2-phosphate and two isozymes for production of prephenic 
acid, and separate feedback and repression by phenylalanine, 
tyrosine and tryptophan of the isozymes and the enzyme 
involved in conversion of chorismate to anthranilate. The 
permeability of the cell to the intermediates is also a factor. To 
minimise these problems, cells were preadapted to each different 
medium before exposure to hyperbaric oxygen. 

Shikimate did not substitute for all three aromatic amino 
acids when absent simultaneously during hyperbaric intoxica- 
tion, whereas chorismate partially substituted for them (Table 
2). This indicated that hyperbaric oxygen significantly impaired 
the conversion of shikimate to chorismate, but that there was 
also impairment before chorismate. Deletions of individual 
aromatic amino acids, with inclusions of each of four inter- 
mediates (Table 2), suggested several conclusions. Deletion of 
phenylalanine decreased protection less than deletion of either 
tryptophan or tyrosine (Table 2), suggesting that the enzymes in 
the part of the pathway common to the biosynthesis of all three 
aromatic amino acids (shikimate kinase, pyruvylshikimate- 
phosphate synthase or chorismate synthase) were less sensitive 
than one or more enzymes in the branch pathways from 
chorismate to tryptcphan and tyrosine. There was no significant 
inhibition of the series of enzymes required for converting 
anthranilate to tryptophan. 

The inconsistency in the failure of prephenate to substitute 
for phenylalanine (Table 2) could be explained by the known 
lack of permeability of cells to prephenate. But prephenate 
apparently penetrated these cells since it reduced the growth 
inhibition due to hyperbaric oxygen in tyrosine-deprived cells 
(Table 2). It is conceivable, however, that cells might adapt to 
prephenate transport when deprived of tyrosine, but not when 
deprived of phenylalanine. 

The inclusion of only the 10 amino acids which, when 
individually omitted, caused a significant (P > 0.05) decrease in 
growth in hyperbaric oxygen (Table 1), gave almost as much 
protection as the 20 amino acids (normalised ratio of 1.38 + 
0.03 compared with 1.00 + 0.05). The difference between these 
ratios, however, was significant (P > 0.05), indicating that other 





Table 2 Inhibition of amino acid biosynthesis 





Amino acid deleted Precursor added 


None None 

Tsoleucine a-Ketobutyrate 
Leucine a-Ketorsovalerate 
Valine a-Ketorsovalerate 
Methionine Homocysteine 
Aromatics Shikimate 
Aromatics Chorismate 
Phenylalanine Shikimate 
Phenylalanine Chorismate 
Phenylalanine Prephenate 
Phenylalanine B-Phenylpyruvate 
Tyrosine Shikimate 
Tyrosine Chorismate 
Tyrosine Prephenate 
Tyrosine p-Hydroxyphenylpyruvate 
Tryptophan Shikimate 
Tryptophan Chorismate 
Tryptophan Anthranilate 


Normalised ratio was obtained as described ın Table | 


ee 
Generation time in a gas phase* 
Of 





latm air 4.2 atm O; Normalised ratio 
27.6+1.2 49.5+-0.9 1.00-+0.05 
32.2+1.4 240 4+: 12.6 4 14+0.21f 
29.9 4-0.4 64.446.5 1.20+-0.12 
27.340 2 63.2 -4-2.0 1.28 +0 04 
28.9+0.6 60 741.0 1.16+0 17 
32.5+2.0 982-+325 17 32+.6.43T 
34.8-11.2 1854+40 2.99 -+0.77 
29.6 4-3.0 97.5+6.1 1 8740.09 
42 542.1 81.0+1.2 1 06+0.05 
28.4+0.6 -~ 92.542 9 1.80-+-0.08t 
26.8-+0.7 63.8 +2.4 1.32 -+0 08 
25.8 -+0.2 2957 4 6.30 +0.13f 
30.4 -1-0.8 1914+19 3.53 +0.39 
34.0 -+2 0 1574+97 2.56-i-0.19t 
28.0 +0.6 69.6+1.9 1.370.047 
30 64-1.3 218-12 3.94 +0.25t 
27.7-+0 6 1864+12 3.70 +0.26t 
29.9--1 2 712 84-2.3 1.35 +0.06 


Media and test conditions were as described for Table 1. Precursor concentrations were 0.65 mM except anthranilate (0.5 mM) and shikimate 
and chorismate (1.3 mM) when substituted for all three aromatic amino acids. 

*As for Table |, except » = 4 for all except n = 8 for shikimate with phenylalanine omitted, and # =: 11 for chorismate with tyrosine omitted. 
Where more than one precursor for a given amino acid was tested, the precursors are listed in the table in the order of their biosynthesis 


tAs for Table 1. 
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amino acids, which when omitted singly did not produce 
significant decrease in protection, may have small protective 
effects in concert. 

The significance of the inhibition of amino acid biosynthesis 
(which also leads to inability to synthesise nicotinic acid, NAD, 
NADP, folic acid, pantothenic acid and coenzyme A) is immed- 
iately apparent with respect to the growth-inhibitory effects of 
hyperbaric oxygen for E. coli incubated in minimal salts 
medium, where all its amino acids and the indicated growth 
factors must be synthesised. The potential significance of these 
biosynthetic inhibitions for the functioning of mammalian 
systems is speculative. All the amino acids, except cysteine and 
asparagine whose biosyntheses were inhibited, are essential for 
man and rat. The inhibition of synthesis of essential amino 
acids is obviously irrelevant in higher mammals in terms of 
protein synthesis and growth. But because of the significant 
roles of amino acids as precursors for neurotransmitter 
synthesis, and as neurotransmitters in the central nervous 
system®, work is in progress to identify the specific oxygen- 
sensitive enzymes, and to investigate their potential roles in 
oxygen toxicity in higher systems. i 
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Reactions involving singlet 
oxygen and the superoxide anion 


IN discussing reactions involving the superoxide anion O,7, it 
is generally considered that the radical itself or singlet oxygen 
generated from O,~ is harmful to molecules of biological 
importance!*, Since the demonstration that singlet oxygen 
participates in reactions is technically difficult, conclusions 
about its effects are rather speculative. I show here, on thermo- 
dynamic grounds, in which reactions singlet oxygen can be 
formed from O,7 and in which reactions this is improbable. 

By way of illustration I shall use an oxidation state diagram 
for oxygen at pH 7, adapted from Phillips and Williams? (see 
Fig. 1). In this diagram, the free energy per oxygen atom at 
PH 7 (AG_Q’) is plotted against the formal charge per oxygen 
atom (n). The ordinate at the left-hand side is related to the 
one at the right by AGo’ = nF AE’, in which Fis the Faraday. 
By plotting the values this way, the slope of the line joining the 
species A and B represents the reduction potential Eo’ of the 
couple A/B. All of the species above the line joining O, to H,O 
are thermodynamically unstable. 

To explain the diagram, I have chosen as examples: the 
disproportionation of O., the Haber-Weiss cycle, the reaction 
of O,~ with superoxide dismutase and the reduction of ferri- 
cytochrome c by O,~. First the disproportionation of O,. O,7 is 
not stable; it reacts with itself and forms oxygen and hydrogen 
peroxide 


20,~+2H+t — H,0.+0, (1) 


where k = 4.5x 105 M= s~ at pH 7, 22 °C (ref. 7). 

Depending on the energy state of the oxygen molecule, the 
above reaction can have a AG’ of —29.0 kcalorie (@Z,-O,), 
— 6.4 kcalorie (1A ,O,) or +7.6 kcalorie (2 ,+O,). Therefore, as 
the reaction involving 'Z,+O, has a positive AGo’, O37 can be 
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Fig. 1 Oxidation state diagram of oxygen (Po, = 1 atm; 

= 25°C) at pH 7. Abscissa: formal charge, n, per O atom; 
ordinate, left: n times reduction potential Eo; right: free energy 
per oxygen atom at pH 7, AGo’. The numbers refer to the slopes 
of the line Eo’ (A/B) denotes the reduction potential of the 
couple A/B at pH 7 under otherwise standard conditions relative 
to the potential of the normal hydrogen electrode. For this 
diagram the following data were used: The triangle HO, Oz 
(triplet), O.~7 was constructed using the Eo’ values given by 
Muir Wood‘. The differences in energy between the °X,~ and 
1A,, and between the *£,~ and 1Z,* level of oxygen have been 
given as 22.6 and 37 kcalorie mol-, respectively’. The differences 
in entropy between the several forms of oxygen can be neglected 
with respect to the uncertainties in the values of the energy 
‘differences. The reduction potentials of the couples H,O,/H,0, 
OH/H,O and O./H,O were computed from standard reduction 

potentials®. 


a source of !A,O, but not of £ +O.. : 


> 


In 1934 Haber and Weiss® proposed a mechanism for the 
disproportionation of hydrogen peroxide initiated by tron ions. 
The ‘chain’ reactions are 


O,.-+H,0,.+H* —> OH:'+H,0+0, (2) 
OH:-+H,0, — O,~+H,0+ H* (3) 


Kellog and Fridovich® recently postulated that reaction (2) 
“liberates electronically excited singlet oxygen”. Figure 1 shows 
that this is possible. The reaction can be split up 


H,O,+H++e7- — OH-+H,0; Eo’ = +0.8 V 
(see dotted line in figure) and 
0.7 => 1A 0; + e7; Eo’ = +0.65 V 
Since Eo’ (H.O0,/OH:, H0) is larger than Eo’ CA 0/037), 


the formation of 1A ,O, is possible with AG o’ = —3.5 kcalorie. 
Reaction (3) is also thermodynamically favourable 


- OH-+Ht+e- — H,O; Eo’ = +1.8 V 
AG’ = —19.8 kcalorie 
and 


H,O, > O,-+2Ht+e7; Eo’ = +0.94 V 


Arneson” assumed that singlet oxygen was formed as a product 
of the chain-terminating reaction 


OH-+0,~-+H* — 0,+H.0 (4) 
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It can be shown in the same way that the formation-of triplet 
and both forms of singlet oxygen is possible. es f 
The sum of reactions (2) and (3) is 
. (5) 
` 1 i 
From Fig. 1 it can be seen that hydrogen peroxide is unstable 
even with respect to 'Z,+O, and HO: AGo’ = —5.0 kcalorie 
per mol H,O,. In the Haber—Weiss cycle, however, '£,+O, 
cannot be formed. This may be because the energy released in 
reaction (3) is not available for the excitation of oxygen. 
Superoxide dismutase (SOD) reacts with O,” at an almost 
diffusion-controlled rate (k = (2.37+0.18)x 10° M= s7}, 
The proposed mechanism is . 


2H,0,—> 0,-+2H,0 . 


SOD-Cu?++0,~— SOD-Cu++0, © 


(7) 


The reduction potential of the couple SOD-Cu?+/SOD-Cu* 
(+0.42 V (ref. 12)) is too low to oxidise O,” to 1A ,O,. The, 
energy liberated by reaction (6) is 17.1 kcalorie and that from 
reaction (7) is 11.9 kcalorie. It has been argued!* that superoxide 
dismutase also catalyses the conversion of 1A,O, to 3D On: 
AGo’ = —22.6 kcalorie per mol O,. It is not yet known whether 
this energy is dissipated over the protein molecule and finally 
transduced to water molecules, or whether ‘is it -used for a 
thermodynamically unfavourable reaction. Apparently the 
superoxide dismutase molecule can receive energies up to 22.6 
kcalorie per mol SOD in single-step reactions without damaging 
itself. This.is probably the reason why only one copper ion at a 
time is active, as the simultaneous reduction’ of both copper 
ions by O,” would liberate 34.2. kcalorie per mol SOD. 

Under ‘suitable conditions ferricytochrome c reacts'* with 
O,- (Koppenol and Van Buuren, unpublished). The couple 
ferri-/ferrocytochrome c hasa reduction potential of +0.26 V at 
PH 7 (ref. 15). This value is not high enough to cause 1AO, to be 
formed. Measurements of the enzymatic activity after reaction 
with O,” indicate that the protein: is still in its native form 
(Koppenol and Van Buuren, unpublished). 

It is clear that when O,- reacts with a molecule it can act both 
as an oxidising or*a reducing agent. It is possible that a protein 
can be damaged by such a reaction, but there is: not much 
evidence for this in the literature. 

It is unlikely that either of the forms of singlet oxygen will be 
produced if O,~reduces the protein molecule, as there are hardly 
any proteins with redox potentials as high as +-0.65 V. Poupko 
and Rosenthal! have reached the same conclusion, ‘but their 
arguments have to be reconsidered, as they assumed that the 
ground state of O,- lies below that of oxygen. This assumption 
was based on a measurement in the gas phase?’ and is not 
applicable to reactions in solution. 

If O` does not react with the protein it is possible that 
1A ,O, and H,O, will be formed by reaction (1). This form of 
oxygen can react with various groups, for instance unsaturated 
bonds, and therefore has a destructive effect on the protein. It 
may be therefore that the main function of superoxide dismutase 
is to prevent the production of 1A ,O, by reacting with O,-. 

I thank K. J. H. van Buuren; G. H. J. Broers and J. Butler for 
discussion and comments during the preparation of this paper. 
i W. H. KOPPENOL., 
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The lipid bilayer as a ‘solvent’ 
for small hydrophobic molecules 


Tne cell membrane is viewed at present as a two-dimensional 
solution in which the lipid bilayer acts as a viscous ‘solvent’ for 


‘oriented integral proteins’. Accepting this model as a working 


hypothesis, questions arise as to the nature of the hydrophobic 
interior of the bilayer and what rules proteins, lipoproteins, or 
polypeptides obey in interacting with it. The simplest hypothesis 
for the interior is that it is equivalent to a ‘bulk alkyl solvent 
(albeit a very thin one). If this hypothesis is correct, the enthalpy 
of transfer (AH) of a solute molécule (for example, an alkane) 
from a bulk alkyl solvent to the bilayer interior should be small. 
That is, the solute-solvent interaction energy should be about 
the same in the bilayer as in the bulk alkyl]. I have examined this 
fiypothesis: experimentally by measuring the solubility of 
n-hexadecane “in planar bilayer membranes formed from 
glycerol-1-monooleate (1-GMO). The acyl chain of 1-GMO is 
approximately equivalent to 1-heptadecene. The enthalpy of 
transfer of n-hexadecane from pure liquid into 1-heptadecene 
can be estimated from solubility parameter theory? to be only a 
few calories per mol. Thus, the mixing of n-hexadecane in the 
bilayer interior should be nearly athermal: I have found, how- 
ever, that AH is orders of magnitude larger than expected. This 
result has important implications for understanding the bilayer 
as a two-dimensional solution. a 

The thickness, aná therefore the specific electrical capaci- 


Fig. 1 Temperature dependence of the specific geometric 
capacitance (C,) of planar bilayers formed from glycerol-I- 
monooleate (1-GMO). Aqueous phase: unbuffered 0.1 M 
NaCl. The curve through the points is:a least squares fit to 
C; = ‘a+bT where a = 0.7005+0.0026 (s.d.) uF cm~? and 
b = —0.00471 +0.00097 (s.d.) uF cm~? °C—, Each point is the 
mean of measurements on three membranes (error bars or point 
diameter, s.e.m.). C, of each membrane was determined in 
triplicate. Desorption measurements at‘ the air—water interface 
using a Langmuir bzlance indicate that the 1-GMO 1s slightly 
soluble in the aqueous phase and that the solubility increases as 
temperature decreases (S. H. W. and N. L. Gershfeld, unpub- 
lished). The aqueous phase was therefore equilibrated at 20 °C 
with the bulk lipid solution (10 mg GMO per ml). Each membrane 
was allowed to ‘age’ for 10-20 min to ensure equilibration 
between microlenses and bilayer. In these conditions, C, was 
invariant in time within the limit of +0.3°%, and I believe the 
membranes were in physicochemical equilibrium. 
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tance, of planar bilayer membranes? depends strongly on 
temperature’, because the bilayer concentration of alkane 
solvent (used to form the bilayer) is temperature dependent. 
The bilayer is believed to be in physicochemical equilibrium 
with the bulk Plateau-Gibbs border (annulus) surrounding it 
and numerous microlenses*? of excess solvent trapped within 
it. Consequently, the planar bilayer may be viewed as a bilayer 
solution at saturation equilibrium with bulk alkane. Therefore, 
if the composition of the bilayer is measured as a function 
of temperature, the thermodynamics of transfer of alkane from 
the bulk state (microlenses and annulus) to the bilayer interior 
can be estimated using standard equations for saturated 
solutions”. In this way, the interior of the bilayer can be com- 
pared directly with the interior of the bulk alkane solvent. 

{ estimated bilayer composition at various temperatures from 
measurements of specific geometric capacitance (C,) using 
methods described in detail elsewhere®8-!° (see Fig. 2 for 
summary), and the results at equilibrium conditions are shown 
in Fig. 1. The points can accurately be fitted with a straight line 
(r = —0.9987). The mole fraction (X;) of n-hexadecane was 
calculated for each point and In¥, plotted against 1/7 and 
InT (Fig. 2a and b). The enthalpy (AH) and entropy (AS) of 
transfer of hexadecane from bulk to bilayer were calculated 
from these plots and found to be -3.79 +0.10 kcalorie mol-! 
and +12.6+0.3 entropy units (EU) respectively. 

These large values of AH and AS indicate that the n-hexade- 
cane molecules are not bound as tightly in the bilayer as in 
bulk and that they have more motional freedom. One explana- 
tion is that, in general, the cohesive forces in the bilayer are not 
as large as in bulk. The work of Gershfeld and Pagano!” and 
Katz!? however, indicates that the cohesive forces between 
acyl chains in monolayers and bilayers are the same as in bulk. 
An alternative explanation is that the hexadecane molecules are 
located largely in the deep interior*? of the bilayer between 
the monolayers. Numerous X-ray diffraction studies of bilayers 
reveal a zone of low electron density in the bilayer mid-plane 
due to the methyl (-CH,) groups (see, for example, ref. 18). 
There is thus little interdigitation between the apposed mono- 


Fig. 2 Temperature dependence of the composition of GMO- 
hexadecane membranes in a plot of a, InXs against (1/T) and 
b, InXs against In7, where Xs is the mole fraction of n-hexade- 
cane in the bilayer. Xs was estimated from the values of C, using 
standard techniques*!°, Briefly, bilayer thickness & 3 was cal- 
culated from C, = £ o€p/5y where £o = 8.85 x 10-4 F cm and 
Ep 1S the dielectric coefficient of the hydrophobic core. X, can be 
calculated straightforwardly using the bulk densities and 
dielectric coefficients of the acyl chains (AC) (ref. 17) and 
hexadecane solvent (S), the number nac of acyl chains per unit 
area of bilayer, and the equations 55 = vacttact vss, Xs = ns/ 
(ns+nac); v represents molecular volume. Fettiplace ef al.}° 
and Pagano er al.™ have reported values for nac at single tem- 
peratures; J estimated values at other temperatures using correction 
procedures similar to those described elsewhere’. The corrections 
are slight and the errors incurred without them are small. At 
20 °C, Nac = 5.26 x10" cm~? (ref 10) and X, = 0 205. a, The 
curve 1s a linear regression (? = —0,998) whose slope (—R[@In.Xs/0 
(1/T)]) gives the enthalpy (AH) of transfer of n-hexadecane from 
bulk to bilayer. AH = -+3.7940.10 kcalorie mol. b, Also a 
linear regression (r = 0.998) whose slope (R[@In.X¢/0In7]) gives 
the entropy (AS) of transfer of n-hexadecane from bulk to 
bilayer. AS = +12.640.3 EU. 
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layers and a well defined interface must exist between the 
monolayers. Because the methyl groups have a lower polaris- 
ability than methylene (—CH ,-) groups, molecules located chiefly 
in the mid-plane should be subjected to smaller van der Waals’ 
cohesive forces than if they are located parallel to methylene- 
rich acyl chains within the monolayers. Some hexadecanes 
must, of course be situated within the monolayers, but simple 
calculations show that these probably account for < 20% of 
the total 

I therefore propose that the mid-plane of the bilayer is a 
special region because of the high concentration of methyl 
groups with smaller cohesive forces than found between the 
methylenes of the acyl chains. Support for this hypothesis is 
given by Dean and Hayes!® who measured the heat of sorption 
of hexane vapour on close-packed stearic acid monolayers at 
the vapour-water interface. At low partial pressures of hexane _ 
(that is, low surface coverage by adsorbed hexanes), the heat 
of sorption is 4.5 kcalorie mol~. At high partial pressures 
(high surface coverage approaching closest packing of hexanes 
on the stearic acid surface) the heat of sorption becomes 
identical to the heat of vaporisation of liquid hexane (7.5 
kcalorie mol ~+). This indicates that the exposed —CH, surface 
of the stearic acid does not attract the hexanes as strongly as the 
fully covered hexane surface or bulk liquid. 

Experiments are in progress to examine the thermodynamics 
of transfer of other alkanes into bilayers containing various 
acyl chains. Preliminary data for tetradecane-GMO bilayers 
give values of AH ~ 1.2 kcalorie mol—! and AS ~ 4 EU at 
25 °C. The trend of the data suggests that shorter alkane 
molecules experience cohesive forces closer to bulk values. 
One reason for this is the larger volume fraction of the bilayer 
occupied by the smaller alkanes®1° which means more: nearest- 
neighbours will be alkanes rather than acyl methyl groups. 
Results! on the solubility of hexane in various phospholipids 
indicates that significant differences can be expected among 
different types of acyl chains, and also that the interior of 
phospholipid bilayer dispersions is different from bulk alkyl 
solvents. 

Finally, I should add that the results reported here for hexa- 
decane depend on the assumptions made about how much the 
area per molecule of GMO varies with temperature. If the 
changes are large compared with those used tô calculate X,, then 
AH and AS could be much larger. Using a de novo method of 
calculating bilayer composition which predicts relatively large , 
changes in area per molecule’®, I have calculated AH ~ +9 
kcalorie mol? and AS ~ 30 EU. Thus, the values reported 
here probably represent lower limits. 
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sions and my family for their patience. The research was 
supported by grants from the NIH and the NSF. The generous 
support of the Guggenheim Multiple Sclerosis Foundation is 
also appreciated. j 

E STEPHEN H. WHITE 
Department of Physiology, 

University of California Irvine, 
Irvine, California 92717 


Received April 29, accepted June 8, 1976. 


1 Singer, S. J., and Nicolson, G_L., Science, 175, 720-73! (1972). 
2 Hildebrand, J. H , Prausnitz, J. M , and Scott, R. L , Regular and Related Solu- 
tions, (Van Nostrand Reinhold, New York, 1970). 
3 Mueller, P., Rudin, D O., Tien, H. T, and Westcott, W. C , Circulation, 26, 
1167-1170 (1962). ` 
4 White, S. H, Biochim biophys. Acta, 196, 354-357 (1970), Biophys. J., 10, 
1127-1148 (1970). 
mies H., Biochim. biophys. Acta, 356, 8-16 (1974), Biophys. J., 15, 95-117 
1975). 
6 Henn, F. A., and Thompson, T. E., J. molec Biol., 31, 227-235 (1968). 
7 Andrews, D M , and Haydon, D. A., J. molec. Biol., 32, 149-150 (1968). 
8 White, S H , and Thompson, T. E , Biochim. biophys. Acta, 323, 7-22 (1973) 
9 White, S. H., and Blessum, D. N., Rev Sci Instrum., 46, 1462-1466 (1975) > 
10 Fettiplace, R., Andrews, D. M., and Haydon, D. A., J. Membr. Biol., 5, 277-296 


(1971). 
11 Pagano, R_E, Ruysschaert, J M., and Miller, I. R, J. Membr. Brol., 10, 
11-30 (1972). 
12 Gershfeld, N. L., and Pagano, R. E., J. phys. Chem., 76, 1231-1237 (1972). 
13 Katz, Y., Biophys. J., 16, 52a (1976). 
14 Simon, S A, Stone, W L., and Busto-Latorre, P., Biophys J., 16, 137a (1976). 
15 Dean, R. B., and Hayes, K. E., J. Am. chem. Soc., 74, 5982-5984, (1952). š 
16 White, S. H., Biophys. J., 16, 193a (1976). ` 
17 Requena, J., and Haydon, D. A , Proc. R. Soc , A347, 161-177 (1975) 
18 Lesslauer, W., and Blasıe, J. K., Brophys. J , 12, 175-190 (1972) 


Nature Vol. 262 July 29 1976 


423 








matters arising 





Quantification of secondary 
and tertiary structure base 
pairs in Æ. coli tRNA,V! 


NUCLEAR magnetic resonance (NMR) 
is useful in the investigation of the 
base-pairing structure of tRNAs in 
solution because each Watson—Crick 
base pair and some tertiary structure 
base pairs give rise to resonances in the 
low field (11-15 p.p m.) region of the 
spectrum"? To determine the total 
number of base pairs present in tRNA 
it is necessary to.integrate the low 
field NMR spectrum We: have not 
been satisfied with previous methods*~° 
used to integrate tRNA spectra and 
present here a new method, based on 
using resonances in the aromatic region 
of the NMR spectrum. More accurate 
integration became necessary after X- 
ray diffraction results indicated that 
there are several tertiary structure base 
pairs” in tRNA and after we found 
evidence for four common resonances 
in the low field region where are due 
to tertiary structure interactions’. 

In Fig. 1 the low field NMR 
spectrum of Escherichia coli tRNA, ™ 
is compared with the resonances in the 
aromatic region of the spectrum in 
identical experimental conditions. The 
intensity in the aromatic region (8.5— 
6.5 p.p.m.) should correspond to 89 
protons (one from each C,G,U and 
two from each A) and a comparison 
of the integrated intensity in the two 
regions indicates there are 23+1 reson- 
ances (base pairs) in the low field 
spectrum. To check the method, we 
compared relative intensities in the 
aromatic (8.5-6.5 p p.m.) and ribose 
regions (6 0-5.0) and found they agreed 
(+ 5%) with the value computed on 
the basis of sequence. Before comment- 
ing on these results, we will first discuss 
other methods which have been used 
and state why we believe that the use 
of the aromatic resonances is superior. 

One method previously used by us 
and others to integrate tRNA spectra 
was to assume that one (or more) 
partially resolved resonance in the low 
field region of the spectrum has a 
known intensity, and then to use this 
resonance to calibrate the intensity of 
the rest of the spectrum**. One prob- 
lem is that it is not possible to prove 
that the reference resonance corres- 

e 


ponds to the assumed intensity. 
Another major problem arises from 
the Lorentzian line shape of the reson- 
ances. For example, for a resonance 
with a full half width (Avı) of 20 Hz, it 
is necessary to integrate over 6Avin= 
120 Hz to include 90% of its intensity 
To include >95% of the intensity, the 
integration must be over 12Av,», or 
240 Hz If neighbouring resonances are 
located within 2-4Av, », there are addi- 
tional problems with the allocation of 
intensity in the overlap region. Because 
of contributions from the Lorentzian 


tails, resolved resonances seem to have. 


less intensity than do resonances which 
are bunched together. Therefore, if a 
resolved resonance is used as the inten- 
sity standard, the total intensity in the 
rest of the spectrum will seem to be 
larger by about 10%. When the col- 
lection .of aromatic resonances are 
used as the intensity standard, however, 
the integration includes a relatively 
wide spectral range (10-20A»;,) and 
tails of various resonances add together 
to give a reliable value for the total 
intensity. Tt is possible that the line 
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shapes of the resonances observed in 
tRNA are not Lorentzian (as a result 
of incomplete motional narrowing, ex- 
change or magnetic field inhomo- 
geneity). A number of tRNA spectra 
nave been simulated through the use 
of Lorentzian lines and, to within the 
limitations of experimental signal-to- 
noise ratio, the lines seem to be 
Lorentzian. Magnetic field inhomo- 
geneity does not contribute to the line 
shape with the spectrophotometer we 
used. 

Methyl resonances have also been 
used as internal standards to calibrate 
the intensity in the low field spectra’, 
but, in addition to the problems already 
mentioned, there are complications 
caused by impurities’ and undermethyl- 
ation’. Impurities in the methyl region 
can be difficult to detect and the pre- 
sence of a small amount of contamina- 
tion can lead to larger percentage 
errors when this region is used as the 
integration standard rather than the 
aromatic region. 

We have eliminated these problems 
by using the aromatic resonances as 
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Fig. 1 300-MHz spectrum of tRNA, in various experimental conditions. The spectrum 
at the bottom ıs that of tRNAY*" in normal NMR conditions, that 1s, dialysed against 
0.1 M NaCl, 10 mM MgCl, and 10 mM K2H,PO, pH 7.0. These spectrum of the methyl 
region was also obtained in those conditions. The sample was then dried to §-4 of its 


original volume and then returned to its original volume with D.O. This procedure was 
repeated several times until the sample was 95-98% D,O. The spectrum of the aromatic 
region was obtained with the D,O sample in experimental conditions identical to those for 
the H:O sample. The methyl region of the spectrum was also investigated for the DO 
sample and the intensity compared with: that of the'H.O sample. It was found to be 
within 5% indicating that there was no loss of the sample during the solvent change The 
aromatic region contains 89 protons. Using the dashed baseline the low field region 
contains 23 protons, whereas use of the solid beseline gives an intensity of 26 protons 
3 for the low field region. 
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Fig. 2 300-MHz NMR spectrum of E. coli tRNA,‘ in the presence of various amounts 
of magnesium at 35 °C. The sample was prepared by dissolving desalted tRNA ın 0.1 M 
NaCl, 10 mM K,H,PO pH 7.0. The intensities of the spectra correspond to 20+1 (no Mg, 


——), 21.541 (5mM Mg, 


the intensity standard. the signal-to- 
noise ratio is excellent, there are no 
problems from impurities, and a large 
collection of resonances covering some 
600 Hz are used to integrate a low 
field spectrum spanning 900 Hz. 

The results with tRNAi”™ corrobo- 
rate our earlier suggestion that, in the 
presence of adequate levels of mag- 
nesium (or at sufficiently low tempera- 
tures), most E. coli tRNA contain 3-4 
additional low field resonances due to 
tertiary structure base pairs’, Our 
result for tRNA," (2341) is slightly 
lower than that (26+1) recently ob- 
tained by Reid and Robillard’ using 
methyl and low field resonances as 
integration standards. 

The results with Æ. coli tRNA" 
indicating the presence of 3-4 extra 
resonances in addition to those ex- 
pected from the cloverleaf secondary 
structure, disagree with our earlier 
integrations on other tRNA which 
indicated that the total number of 
base pairs is somewhat lower (typically 
around 20)'**, The spectra in Fig. 2 
illustrate the effect of magnesium on 
the low field spectrum of tRNA”. As 
the magnesium level is increased, the 
intensity in the low field region in- 
creases and most of this increase is at 
positions previously assigned to reson- 
ances from common tertiary interac- 
tions’. By comparing spectra obtained 
with low and high levels of magnesium 
present, we estimate that half of the 
error in our previous integrations was 
a result of the low level of magnesium 
we used. The other half of the error 
can be attributed to the less accurate 
integration methods used. 

Since this paper was submitted, we 
have re-examined a number of the 
tRNAs which we originally studied, 
and find that with higher magnesium 
levels and our new method of integra- 
tion, most of the tRNAs contain 3-4 
resonances in the low field region (11.5— 
15 p.p.m.) in addition to those expected 
from the cloverleaf secondary struc- 
ture. Details of this work will be pre- 
sented elsewhere. 


--) and 23+1 (15 mM Mg, ---) protons per molecule. 
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REID REPLIES—Bolton and Kearns’ 
take exception to our interpretation’ of 
the NMR spectrum of tRNA". Part 
of their problem arises from the poor 
resolution in their spectra which is due 
to either magnetic inhomogeneity or 





Matters arising 


Matters Arising is meant as a 
vehicle for comment and discus- 
sion about papers that appear in 
Nature. The originator of a 
Matters Arising contribution 
should initially send his manuscript, 
to the author of the original paper 
and both parties should, wherever 
possible, agree on what is to be 
submitted. Neither contribution 
nor reply (if one is necessary) 
should be longer than 300 words 
and the briefest of replies, to the 
effect that a point is taken, should 
be considered. 
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_ sample impurity, or both. The bumps 


and shoulders in their spectrum are 
clearly recognisable as the individually 
resolved resonances in our spectra’, but 
unfortunately cannot be integrated 
separately in the Bolton and Kearns 
spectrum’. They also object to our use 
of several resolved single resonances as 
unit intensities, but we have already 
pointed out why these resonances can- 
not contain two protons’. More serious 
objections can be raised concerning 
the Bolton and Kearns method of in- 
tegration, which they presumably 
adopted as a result of their poor 
spectral resolution. First, the statement 
that the 8.5-6.5-p.p.m. region should 
contain 89 protons (the G aromatic 
proton, both A aromatic protons and 
one of the two aromatic protons of C 
and U) has not been verified experi- 
mentally and makes the dangerous 
assumption that no aromatic protons 
are shifted upfield or downfield out of 
this region by local ring current effects 
and that no ribose protons are shifted 
downfield into this region from the 
adjacent ‘ribose region’. Second, their 
method of calculating the low field 
intensity suffers from the inaccuracies 
inherent in comparing two large 
numbers. In spite of these problems 
they have established an intensity that 
is within 4 protons of the correct value 

The fact that Kastrup and Schmidt’s 
samples are contaminated with quat- 
ernary ammonium salts from RPCS 
(ref. 3), and that careful chromato- 
graphy resolves (and removes) under- 
methylated tRNA species‘, is not rele- 
vant to either our spectra or our 
samples. ° 

As Bolton and Kearns admit, the 
presence of several tertiary base pair 
resonances in tRNA spectra is in dis- 
agreement with their earlier integra- 
tions; it is also in disagreement with 
recently published integrations from 
that laboratory“® of spectra obtained 
in the presence of excess magnesium. 
Since these studies did not acknowledge 
the presence of tertiary resonances, one 
can seriously doubt the interpretations 
made from the observed changes in the 
NMR spectra. 

Finally, I would also add that we are 
well aware of the Lorentzian nature 
and line shape of NMR resonances. 


University of California, 
Riverside 
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Waters of the Nile 


Malcolm Coe 





The Nile: Biology of an Ancient River. 


(Monographiae Biologicae, Vol, 29.) 
Edited by Julian Rzéska. Pp. 417. 
(Junk: The Hague, 1976.) Dutch 


Guilders 120. 





No other river in the world can be as 
closely woven into the history of man- 
kind as the Nile, sweeping for 32 
degrees of latitude from the Equator 
to the Mediterranean. Such prehistoric 
and historic associations have been 
largely due to the fact that the ‘‘fluvi- 
atile” civilisations that have come and 
gone along its banks have been de- 
pendent not only on its life-giving 
waters but also on the huge and fertile 
silt burdens that it has carried from 
the interior of this vast continent. 

For us today the memory of Baker, 
Burton, and Speke who sought to find 
the source of the Nile are still com- 
paratively fresh, yet the Nile’s origins 
in snow-covered mountains (the Moun- 
tains of the Moon) are almost as old 
as human written history itself. 

The history of the Nile valley begins 
with the regression of the Mediter- 
ranean in the Upper Miocene when 
about 5.5 Myr ago the sea dried up 
completely and @s a consequence of 
this low sea bed level the resulting 
intense erosion led to the formation of 
the Nile valley. Later the great tectonic 
and climatic events of the Pleistocene 
resulted in great changes in the south- 
ern water sources, leading eventually to 
the formation of the Neonile about 
30,000 yr ago. In spite of the long 
history of a ‘Nile System’, however, the 
river as we know it today is probably 
no older than 12,500 yr and possibly 
even as young as 10,000 yr. 

Since this vast artery passes for about 
two-thirds of its length over arid (water- 
limited) country, the flora and fauna 
of much of its surroundings stands in 
stark contrast to the largely detritus- 
based biota of the river itself. 

The fish fauna of the Nile has for 
so long formed an important item of 
diet for the civilisations that have waxed 
and waned along its banks. In all, the 
river and lakes located at its origins 
comprises some 320 species of fish of 
which 62% of them are endemic. 

The problems related to development 
in the desert environment concern not 
only the problems of huge silt burdens 
but also concomitant biological effects 
such as the invasion of the water 














Branch of sacred sycomore or mulberry 
dynasty Egyptian tomb. The tree is “not indigenous but (has been) cultivated in 
Egypt since times immemorial. It originates from Arabia and Somaliland. Its 
ancient name was Nehet-entep, and its fruits have been found in tombs of all 
ages, the earliest from the first dynasty. I 
of love and marriage. Even today a vestige of this belief can be seen in the 
custom of women visiting the sycamore when troubled by matrimonial cares”. 





fig (Ficus sycomorus) from a 20th 


was dedicated to Hathor, the Goddess 








hyacinth Eichhornia crassipes and the 
spread of the mollusc vectors of 
schistosomiasis. 

Julian Rzoska has brought togethe 
a team of distinguished authors who 
have described the history, geomor- 
phology, hydrology and biology of this 
great river and its environs in great 
detail. 

The first four chapters deal largely 
with the history and prehistory of the 
Nile system, and later sections describe 
in detail the biotic and abiotic com- 
ponents of the system and its con- 
stituent parts. 

Although most of this book is con- 
cerned with describing the main biotic 
and abiotic components of this im- 
portant system, it is inevitable that a 


vital part must deal with the effects of 
human interaction, particularly with 
regard to the Aswan High Dam. 
Considering the huge problems that 
have faced the editor in attempting to 
condense such a vast assemblage of 
data this book will be a valuable source 
for all students of tropical limnology. 
If the presentation has a failing it is 
that the fragmentation under such a 
large number of chapter headings 
makes it difficult to view the Nile sys- 
tem as a whole rather than its con- 
stituent parts. g 





Malcolm Coe is a member of the 
Animal Ecology Research Group in the 
Department of Zoology at the Uni- 
versity of Oxford, UK. 
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Cost—benefit analysis 
for pesticides 


Pesticides. Boon or Bane (Environ- 
mental Studies.) By M. B. Green. Pp. 
x+111. (Elek: London, May 1976.) 
£2.95. 


Tuts short book is intended primarily 
for use in university courses of environ- 
mental studies, and by those who are 
professionally involved with pesticides 
—farmers, industrialists and legislators. 
The author is involved in the develop- 
ment of new crop protection products 
by Imperial Chemical Industries. 

The subject of gains and losses from 
the use of pesticides is developed round 
the theme of cost-benefit analysis, 
which is clearly distinguished from 
investment appraisal. Some of the diffi- 
culties are rather glossed-over. How 
does one optimise costs and benefits for 
the community as a whole? Those 
individuals and groups who bear the 


external losses often gain no compensa- 
tion except the altruistic satisfaction 
that their loss is sombody else’s gain. 
Nor is a detailed example given, so that 
the subject lacks a feel of reality. Does, 
for example, control of red spider mite 
count as a credit or debit? Doubtless 
orchards sprayed to control red spider 
mite show a profit over those not so 
sprayed, but this mite only became a 
pest after insecticides were used. 

The quantitative evidence presented 
for the agricultural benefits of pesti- 
cides is disappointing. Figures are given 
for both Great Briatin and the USA of 
increases in crop yield, during recent 
decades, but this will depend on many 
things besides pesticides—for example, 
fertilisers, new plant varieties, and ir- 
rigation. Estimates are given, mostly 
for the USA, which has more severe 
pest problems than we do in Great 
Britain, for the financial gain from use 
of pesticides, albeit with no standard 
error or other indication of these esti- 
mates’ reliability. The only example for 
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Great Britain (chapter 4) quotes work 
by Wheatley and Coaker to show that, 
for at least 30°", of the Brussels sprouts 
grown in 1968/69, increased use of 
pesticides would have increased the 
financial loss. 

Discussion of 
very limited: virtually no discussion 
of pest resurgence. development of 
resistance to pesticides, or of the crea- 
tion of new pests. The chapter on 
effects on wildlife is distinctly mislead- 
ing. 

Most of us are probably agreed that 
pesticides have an important role. This 
book shows how this role is seen by a 
scientist whose job it is to produce 
them. F. Moriarty 


biological effects is 





Dr F. Moriarty has worked at Monks 
Wood Experimental Station since 
1964. His research has been concerned 
principally with the biological effects 
of pollutants, especially organochlo- 
rine insecticides, on wildlife. 





Developments in 
differentiation 


Eukaryotes at the Subcellular Level: 
Development and Differentiation. 
(Methods in Molecular Biology.) 
Edited by Jerold Last. Pp. x+460. 
(Dekker: New York and Basel, 
January 1976.) $32.50. 


MESSENGER RNA (mRNA) metabolism 
is one of the important control points 
in the information flow from DNA to 
protein. In studies of development and 
differentiation therefore it is often 
desirable to measure the concentration 
or turnover of specific mRNAs. Until 
recently this could not be done be- 
cause the concentrations were below 
the threshold of detection using the 
available methods. Two developments 
have altered the situation: first, the 
purification of specific eukaryotic 
mRNAs; second, the copying of 
mRNA by reverse transcriptase. As 
P. J. Williamson puts it in his chapter 
on nucleic acid hybridisation methods: 
“Mother Nature, working in collabora- 
tion with Temin and Baltimore, pro- 
vided the key to an assay in an enzyme 
from RNA tumor viruses that copies 
RNA into DNA”. By following the 
instructions in this manual, other re- 
search workers should likewise be able 
to make pure mRNA templates and 
complementary DNA, sensitive to as 
little as 1 pg of specific RNA or DNA, 
which is sufficient for many purposes. 

This book strikes a good balance 
between highly specialised information, 
peculiar to the differentiating systems 


at the focus of individual chapters, and 
more general methods. The latter in- 
clude the isolation, separation charac- 
terisation and transcription of mRNA, 
and the use of nucleic hybridisation 
kinetics. The authors place due em- 
phasis on various ways which have been 
found to avoid common pitfalls, for 
example, the synthesis of incomplete 
chains in vitro, polypeptides in the case 
of the popular wheat germ translation 


system (used to assay messenger 
activity), or DNA copies of mRNA in 
the case of reverse transcriptase. 


Mother Nature does not always collabo- 
rate with molecular biologists in her 
distribution of enzymes. Consequently, 
readers will appreciate the tips for 
eliminating or suppressing unwanted 
nucleases in various preparations. A 
high degree of specificity is required 
for many of the bioassays. Nonspecific 
precipitation can invalidate the results 
obtained using antibodies to character- 
ise the products of in vitro translation, 
and several authors describe how they 
keep this to a minimum. A certain 
overlap between chapters concerning 
these tricky areas of experimentation is 
if anything helpful. 

The mass of detail on gel electro- 
phoresis of RNA and protein, repeated 
for a number of systems, is perhaps 
excessive, especially in view of the 
abundance of earlier reviews. On the 
other hand, there is too little space 
devoted to the manipulative aspects of 
hybridisation, particularly when the use 
of small (2 al) reaction mixtures in 
capillaries is recommended. The editor 
rightly celebrates the use of immuno- 
precipitation to isolate specific poly- 
somes for purification of the less 


abundant messengers. It was disap- 
pointing, however, not to find this 
method represented anywhere in the 
text, not even for the isolation of 
ovalbumin mRNA, which nicely 
demonstrates its potential. It was 
refreshing to read about biological 
systems as diverse as the insect chorion, 
slime moulds, red blood cells, lung, 
muscle and oviduct, in successive 
chapters. One important system is 
conspicuous by its absence: much pro- 
gress has been made with immuno- 
globulin mRNA, and methods used 
in this work are sufficiently specialised 
to merit description. 

The book is valuable as a timely 
source of information about new 
methods in molecular biology which 
are not collected together elsewhere. 
Like sucrose gradient centrifugation, 
the new methods will be of enduring 
value to future molecular biologists. 
The material in this book is well 
organised and thoroughly cross- 
referenced. My only complaint about 
this, the eighth in the series, fs the 
grouping of the Figures at the ends of 
the chapters. To use this manual 
effectively, the reader must be dextrous 
in using his fingers to mark the 
appropriate parts of the text. the 
Figures, and the references. while turn- 
ing the pages with his right hand. T 
am glad to possess this hook: there 
should soon be many well-stained 
conies on laboratory benches everv- 
where. H. J. Gould 


Dr Gould is a lecturer in the Depart- 
ment of Biophysics at King's College, 
University of London, UK. 
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Scientific approach 
to art 


Beyond Aesthetics: Investigations Into 
the Nature of Visual Art. Edited by 
Don Brothwell. Pp. 212+80 photo- 
graphs. (Thames and Hudson: London, 
May 1976.) £9.50. 


Tue writers of the 12 essays collected 
here have tried to be objective about 
the visual arts. The task was fairly easy 
for two of them. Creedy describes the 
British system of art education, and 
says it is the best in the world, There 
is a light-hearted piece on the de- 
mography of artists by Cox. Statistics 
are hard to come by, and classification 
is capricious, but their pay, hours of 
work, and expectation of life seem 
about average. The apparent hazards of 
being an artist in France become com- 
prehensible when one discovers that the 
category includes acrobats, Research 
has unexpected hazards. A chimpanzee 
bit her keeper for the first time when 
a drawing was incautiously interfered 
with. Whiten uses this as evidence for 
the intensity of the artistic impulse 
once it is aroused. [t is odd that apes, 
unlike some birds, show little artistry 
when wild. This latency is perhaps 
similar to that shown by Eskimos. 
Decorating clothing and tools was 
traditional, but Brothwell says that the 
strikingly vigorous statuettes, now so 
much admired, were not made before 
European contact. 

Defects in colour vision are as com- 
mon among students at several art 
schools as in tlfe general population. 
Pickford comments that nearly half of 
the group was unaware of the defect 
until tested in early adulthood. He 
comments also on the greater than 
average incidence of myopia and astig- 
matism among artists. He questions the 
idea that artistic differences between 
races have a physiological basis, 
although he comments on the curious 
absence of precise words for blue in 
many languages. It was this that led to 
the suggestion that colour perception 
varied. In a second article Pickford 
tries to make sense of aesthetic pre- 
ferences in spite of their fluidity. 
Fluidity is the theme of Rookmaaker’s 
article on art and morals. Using the 
depiction of nakedness as an example, 
he argues that anything can become 
acceptable if it is introduced in suffi- 
ciently small steps. 

Tt is a pity Weale was not given more 
space to discuss the geometry and 
physics of art. Compression and too 
few illustrations make it difficult to 
understand all the interesting things he 
has to say on such subjects as delib- 
erate distortion and the pointilliste 
technique. Writing of the use artists 
make of scientific illustrations he com- 

e 


ments * . if a pattern appears in a 
book it is part of science, but if it is 
brushed on to a canvas it becomes art.” 
There are two unsurprising articles 
on children’s drawings and paintings, 
and an article on cross-cultural psy- 
chology that is surprising only because 
of the number of platitudes and taut- 

ologies crammed into it. 
N. W. Pirie 





N. W. Pirie has recently retired as head 
of the department of biochemistry at 
Rothamsted Experimental Station, Har- 
penden, UK. 


Tongue and hyobranchial apparatus of a 
woodpecker. By G. A. Borelli, published 
in Rome in 1681. Taken from A History 
of Comparative Anatomy: From Aris- 
totle to the Eighteenth Century. By F. J. 


Cole. Pp. 520. (Dover: New York; 
Constable : London, March 1976.) £3.90 
paper. 





Ion transport 
in plants 


Uptake of lons by Plant Roots. By 
D. J. F. Bowling. Pp. xi+212. (Chap- 
man and Hall: London, Halsted: New 
York, March 1976). £6.50. 


Tue uptake of ions by plant roots is a 
subject which over the years has prob- 
ably had more man-hours devoted to 
it than any other single aspect of plant 
physiology. In consequence an exten- 
sive, very diverse and often contradic- 
tory literature has accumulated. From 
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time to time courageous individuals 
attempt to digest this material and 
produce a coherent exposition of the 
process. The would-be author is pre- 
sumably initially inspired to his task 
by a conviction that he can see order 
where others cannot and inevitably 
therefore there will be; as Dr Bowling 
states in his preface, “some undue 
bias and personal foibles”. His bias is 
towards the electrophysiology of roots, 
a topic which is well described. Reali- 
sation of this bias, however, seems to 
have caused the author to over-com- 
pensate to the extent that in a short 
book (185 pages of text) covering a 
vast subject he seems to have devoted 
a disproportionate amount of space to 
discussion of already well documented 
topics. 

Although covering not merely the 
uptake of ions by roots, as the book’s 
title implies, but also their transfer to 
shoots together with related informa- 
tion on leaves and algae has led to 
some superficiality in presentation, Dr 
Bowling has, however, produced an 
interesting and logically presented 
book. He looks on the overall process 
as being divisible into four sections or 
links in a chain: movement of salts in 
the soil to the root surface; uptake into 
the root; transport across the root and 
movement in the xylem to the shoot. 
Separate chapters deal with what Dr 
Bowling describes as “the more theo- 
retical aspects of salt uptake”. 

Finally, there is a chapter which 
although headed ‘Some conclusions 
and a look into the future’ attempts 
firstly, to analyse results from his labo- 
ratory on the absorption of potassium 
and water by a sunfiower plant grown 
in potting compost in controlled con- 
ditions in the light of the previous 
chapters, and secondly, describes 
briefly some recent experiments on the 
existence of specific ion binding pro- 
teins in the plasma membrane and the 
action of ionophores or ion-carrying 
agents. It is a pity that more space 
could not have been devoted to the 
relevance of these latter two aspects 
to the electrophysiological and kinetic 
approaches described earlier. 

Because of its breadth of coverage 
the book is a good source of reference 
to the literature up to 1974 and it 
should prove useful to students and 
others specialising in the subject. T 
hope, however, that before the next 
printing is set, it will be re-proofed to 
remove some omissions in the refer- 
ences and misprints in the text. 

D. A. Barber 


Dr Barber is a Principal Scientific 
Officer at the Agricultural Research 
Council's Letcombe Laboratory, Wan- 
rage, UK. 
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Stellar photospheres 


The Observation and Analysis of Stellar 
Photospheres. By David F. Gray. Pp. 


xv+471. (Wiley-Interscience: New 
York and London, January 1976.) 
$27.70; £14. 


Tue study of stellar atmospheres (or 
even of just their photospheres, which 
are the layers emitting the bulk of the 
radiation) has become too vast a sub- 
ject to be comprehensively covered in 
depth in a single book, and so it is 
natural (and indeed desirable) to find 
authors concentrating on their own 
particular fields of research interest 
while summarising other aspects more 
briefly. The distinctive and very valu- 
able feature of the present book is that 
it provides a detailed elementary intro- 
duction to the experimental measure- 
ment and analysis of stellar spectral 
characteristics using predominantly 
Fourier techniques—a subject in which 
the author has himself done some very 
useful work and which is coming to be 
an essential tool in all spectral analysis 
with the advent of high speed multi- 
channel detectors and digital micro- 
densitometers. 

In other respects, the book is a clear, 


well written and exceptionally well 
illustrated introduction from the 
practical point of view with enough of 
the theory of stellar atmospheres given 
(accompanied by many numerical 
formulae and tables) to show the 
application to the determination of 
effective temperature, pressure, gravity, 
radius, chemical composition and 
velocity fields. Difficult theoretical 
issues, like the intricacies of iteration 
to flux constancy and the effect of 
departures from local thermodynamic 
equilibrium, are mentioned and sum- 
marised as accurately as is possible 
within a few words supplemented by 
references, which is quite suitable for 
a text of finite size. It is always a weak- 
ness in this kind of treatment, how- 
ever, that the reader does not quite get 
a physical feeling for the subject. 

The presence of a few minor errors 
in places (for example, in the treatment 
of inward-directed radiation in the 
theory of radiative transfer) does not 
help and on these matters the reader 
will do well to consult both the old 
classical texts of Woolley and Stibbs, 
Unséld and Aller and the modern one 
by Mihalas. There is, however, a very 
fine discussion (not otherwise available 
in textbooks or perhaps anywhere else) 
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of the use of line profiles to sort out 
rotation and different sorts of ‘turbu- 
lence’—a field in which the author’s 
Fourier methods offer an enticing vista 
of new research. 

In the spirit of the generally practical 
approach of this book, there are ex- 
tensive sections on spectrometers and 
detectors. These are generally very 
good, although it is a matter for some 
regret that the roles of grating blaze 
angle and camera speed in the efficiency 
of spectrographs have not been 
explicitly brought out. The treatment 
of instrumental profile and scattered 
light corrections is excellent. 

Particularly in its treatment of the 
practical aspects of stellar spectrum 
analysis, this is a valuable book that is 
strongly recommended for all astro- 
nomical libraries and could be a worth- 
while investment for research workers 
and graduate students: the price is not 
too unreasonable in present-day con- 
ditions. Bernard Pagel 





Bernard Pagel is Deputy Chief Scien- 
tific Officer at the Royal Greenwich 
Observatory and Visiting Professor at 
the Astronomy Centre, University of 
Sussex, UK. 





Membrane research 


Mammalian Cell Membranes. Vol. 1: 
General Concepts. Edited by G. A. 
Jamieson and D. N. Robinson. Pp. 276. 
(Butterworth: London and Boston, 
Massachusetts, 1976.) £18. 


Ir has been said that a week is a long 
time in politics and things are becoming 
almost as fluid in membrane research. 
Since 1973, for instance, when much 
of the material in this book was pre- 
pared, the complete sequence of a 
transmembrane protein has been estab- 
lished by Marchesi and his colleagues. 
The molecular basis of ion conductance 
across membranes has become clearer 
at least conceptually in artist’s impres- 
sions if not in hard fact, and the pro- 
teins involved are being characterised. 
Similarly the importance of microfi- 
laments and microtubules in membrane 
function in non-muscle cells has been 
realised. 

Some of the treatment understand- 
ably has a slightly old-fashioned look. 
For example, in Rose’s short chapter 
on the anatomy of the mammalian cell 
discussion of the various forms of junc- 
tional complexes in cells must be ina- 
dequate in view of the considerable 
advances made on their structure and 
function. Two other examples concern 
surface labelling procedures particu- 
larly with  lactoperoxidase-catalysed 
iodination and SDS-—polyacrylamide gel 
electrophoresis. The description is very 


scanty considering the recent extensive 
use of these techniques. 

The book is the first in a five-volume 
series, and according to the Editors is 
an introduction to “the most essential 
aspects of physical and chemical studies 
which have contributed to present 
knowledge of membrane structure.” 
This volume, however, is sharply divi- 
ded on the basis of these criteria. On 
the one hand there are clear and 
straightforward descriptions, respec- 
tively, of the cultivation of cells by 
Robinson and a brief account by Glick 
of selected methods of plasma mem- 
brane preparation largely from cul- 
tured cells. Physical methods are 
covered by Levine and Chapman, and 
enzyme markers are summarised in a 
useful chapter by Hinton and Reid. 
The remainder of the book consists of 
four short speculative chapters on 
specialised, even esoteric, topics. 
Gingell argues for the electrostatic 
control of diffusion of proteins in mem- 
branes. The basic point is that proteins 
carry high negative charges (mainly 
due to sialic acid groups) that must be 
overcome by ligand binding before con- 
densation can occur. Condensation of 
transmembrane proteins, equated by 
Gingell with intramembranous par- 
ticles, is considered to be obligatory for 
formation of ion channels through the 
membrane. Well, maybe: but hardly the 
basic facts required for an introduc- 
tion to membrane science. One diffi- 
culty too is the as yet inconclusive 


evidence, except in erythrocytes, that 
intramembranous particles can be 
clustered by ligand interaction with 
surface membrane proteins. 

The infant science of the mechani- 
cal properties of cellular membranes is 
interestingly reviewed by Canham, 
and Lenard and Lanelsberger discuss 
some models of membrane structure. 
The biogenesis of mammalian mem- 
branes is summarised by Malhotra. I 
enjoyed reading these four chapters 
and, for my money, they recommend 
the book for this year’s bookshelf. 

On the whole each chapter is well 
written and free of serious factual 
or typographical errors. The book 
should be useful to research workers 
and to final vear undergraduates. The 
person who discovers on p32 that 
trypsin “catalyses the hydrolysis of 
peptide bonds between the carboxy 
group of arginine or lysine and the 
amino group of an adjacent amino 
acid” is likely to have difficulty in 
following many of the complex argu- 
ments that follow elsewhere in the 
hook. The editors are to be congratu- 
lated on setting a good standard for 
the first volume and T look forward 
to the arrival of the remaining 
volumes. R. Colin Hughes 





R. Colin Hughes is a member of the 
scientific staff of the Medical Re- 
search Council at the National Insti- 
tute for Medical Research, Mill Hill, 
London, UK. 
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obituary 








Jacques Lucien Monod died at his 
family home in Cannes on May 31, 
1976 at the age of 66. He was one of 
the foremost leaders of the revolution 
in molecular biology, helping to lay the 
framework of our understanding of 
gene action and protein synthesis. 
Monod was a scientist of the first rank, 
both in his experimental work and in 
his ideas. By his scientific research and 
by his Essay on the Natural Philosophy 
of Modern Biology (translated into 
English as Chance and Necessity) he 
has left an indelible mark on the in- 
tellectual history of the 20th century. 
Monod was born in Paris in 1910. 
When he was seven his family moved 
to Cannes where he lived and studied 
till he was eighteen, so that he thought 
of himself more a man of the Midi 
than a Parisian. His father was a 
painter, an unusual vocation at that 
time for one of Huguenot stock, com- 
ing from a family which had produced 
many doctors, pastors, civil servants 
and academics. His mother was Ameri- 
can, a native of Milwaukee, the 
daughter of a New England mother 
and a Scottish immigrant father. Early 


who in 
addition to his artistic sensibilities had 


influences were his father, 
a strong interest in science and in 
Darwin in particular; also his Greek 
master, a scholar whom he admired 
for his civilised attitude to life. Scien- 
tifically, he acknowledged among his 
immediate elders the impact of George 
Teissier, André Lwoff, Boris Ephrussi 
and Louis Rapkine. Perhaps most im- 
portant of all was his year’s stay, in 
1936, with Morgan’s group at Caltech. 
Their full, free and critical discussions, 
together with the easy personal re- 
lationships between people of different 
ages, were a revelation to him and 
strongly influenced his style of organis- 
ing research. 

In his scientific career Monod, 
though never seriously impeded, did 
not get off to a flying start as many 
young men do nowadays. It was at the 
beginning of the war, after a famous 
reply to André Lwoff (“L'adaptation 
enzymatique? Connais pas!’’) that he 
first became aware of the nature of the 
phenomenon he was studying. Only 
after the war, when he had joined the 
Pasteur under Lwoff, did he fully re- 


ROBIN LAURANCE 


cognise the depth of the problem which 
was to become his life’s work. By then 
he was 37. But once having recognised 
it, he pursued it with tenacity, versa- 
tility and imagination. His logic was 
relentless; his intuition variable but 
profound. No wonder that many of his 
younger colleagues came to feel that 
to work with him was a scientific edu- 
cation in itself. 

The results are now in every text- 
book. There is no space here to follow 
the story in all its details, nor to show 
how the commonplaces of today grew 
out of the confusions of yesterday. The 
concentration on #-galatosidase; the 
arrival of Mel Cohn (“acquisition 
précieuse”) who knew about proteins 
and also how to use the Tiselius 
apparatus; the proof that the appear- 
ance of enzyme activity represented de 
novo synthesis (a big surprise at the 
time); the skilful use of lactose anal- 
ogues to separate the inductive from 
the substrate activity and the discovery 
of the permease and the transacetylase. 
Finally the grand collaboration with 
François Jacob (from the other end 
of the corridor) leading to their im- 
mensely skilful dissection of the in- 
ductive process by genetics; the 
realisation, from certain mutants, that 
the synthesis of all three proteins 
could be turned on and off together 
(the operon); the postulate that the i 
gene product was a protein—the in- 
hibitor—and the famous PaJaMo ex- 
periment of Pardee, Jacob and Monod 
which suggested that the message was 
unstable. It is difficult now to recall 
that at that time the ribosomal RNA 
was assumed to be the message. The 
realisation that the ribosome was a 
reading head, which could read any 
message, came as a great flash of 
understanding. After that the road to 
the genetic code was wide open. 

Meanwhile Monod, with Jacob and 


Changeux, had recognised that the 
properties required for the inhibitor 
were, at first sight, unusual for a 


protein. On reflection, however, they 
realised that such properties were in 
fact common—their existence had 
simply not been appreciated. Thus was 
born the theory of allosterie. Various 
earlier workers (including those study- 
ing haemoglobin) had glimpsed the idea 
but had not recognised its generality 
and its profound importance. For now 
one could see how any metabolic path- 
way could be linked, control-wise, to 
any other. Without this type of mech- 
anism even the simplest organisms 
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could not regulate themselves and 
higher organisms could not exist. 

In 1969 Monod gave the Robbins 
Lectures at Pomona College in Cali- 
fornia. He used the occasion to develop 
and make precise his general ideas 
about biology, man and society. The 
lectures became a book, originally 
written in English, rewritten by him in 
French under the title Le Hasard et la 
Nécessité. Its publication made a strong 
impact and it became a best-seller. It 
aroused the almost united opposition of 
the French intellectual establishment 
which has always preferred Marx, 
Freud and Teilhard de Chardin to 
Darwin and Mendel. Written with 
force and clarity, in an unmistakable 
personal style, it presented a view of 
the universe that to many lay readers 
appeared strange, sombre, arid and 
austere. This is all the more surprising 
since the central vision of life that it 
projected is shared by the great 
majority of working scientists of any 
distinction. It would be difficult to find 
a better example to display the deep 
rift between science and the rest of our 
culture. 

Monod was not aloof from public 
affairs. He was a persistent critic of 
the French University system and of 
the way in which French science was 
supported. Thus it was not entirely 
surprising that in 1971 he accepted the 
invitation to become Director-General 
of the Pasteur Institute. This decision 
came partly from his strong sense of 
duty; he was naturally reluctant to 
have to give up his research and his 
writing, but the Institute was in a bad 
way, having become desperately short 
of money. Monod threw himself whole- 
heartedly into his new job. He tried 
many things: appeals for funds, both 
public and private; the setting up of a 
production subsidiary with the aim to 
exploit useful ideas from the research 
side of the Institute; various economies 
and a limited reduction of staff. Finally 


he toyed with a scheme, strongly 
opposed by many of his colleagues, to 
move the laboratory outside Paris. But 
the opposition to such a move was too 
strong and the sums of money required 
too great; only the government could 
supply them, a source he somewhat 
distrusted, as he feared for the Insti- 
tute’s independence. Looking back one 
can see that the Pasteur had to change 
and to change radically. It needed a 
scientist of Monod’s stature to make 
the changes possible and reasonably 
palatable. 

Science was the dominant activity in 
Monod’s life but it was not the only 
one. During the war he worked for the 
French underground, receiving recog- 
nition for this perilous work from both 
the French and the American govern- 
ments. He became a keen mountaineer 
only to give it up for sailing; the 
characteristic mixture of discipline and 
freedom appealed strongly to his 
temperament. He would sail his 37’ 
boat single-handed or with the assist- 
ance of a mere amateur. Having a wide 
intellectual curiosity, he was remark- 
ably well read, both in classical and 
modern authors—Camus was a personal 
friend. But his main passion outside 
science was music. He both played 
the cello and conducted, In his twenties 
he even wondered whether to give up 
science for music, and all through his 
life he tried to find time to make music 
with his friends. 

Monod was a man of great personal 
charm. His English was perfect, though 
simpler than his French. Thanks to his 
good ear and his American mother, he 
spoke it without any trace of the heavy 
accent which most Frenchmen find 
difficult to discard. Good-looking, 
though small of stature, he commanded 
attention by his intelligence, his clarity, 
his incisiveness and by the obvious 
breadth and depth of his interests. 
Never lacking in courage, he combined 
a debonair manner and an impish sense 
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of humour with a deep moral commit- 
ment to any issue he regarded as funda- 
mental. He had great warmth for his 
friends and treated his students with 
affection and candour, as if they were 
members of his family. To others he 
could be charming but somewhat more 
remote. Though his creative powers 
flowered most abundantly in his 
scientific work he combined within 
himself, in a natural harmony, the 
scientist, the philosopher, the man of 
action and the musician. He might well 
have made a world reputation by con- 
centrating on any one of these roles. 
Such a range of gifts is rare. It is 
fortunate for us that he chose science, 
otherwise the development of molecular 
biology would have been very different. 

The formal outlines of Monod’s 
career will be recorded here only 
briefly. He obtained his first degree in 
1931 and his doctorate in 1941, both 
from Paris. He joined the Pasteur 
Institute in 1945 as Chef de Labora- 
toire, becoming Chef de Service in 
1953, head of the department of 
Cellular Biochemistry in 1954 and 
Director-General in 1971. 

His stay at Caltech in 1936 was sup- 
ported by the Rockefeller Foundation. 
While at the Pasteur he held a chair 
at the University of Paris from 1959 to 
1967, followed by a chair in Molecular 
Biology at the Collége de France from 
1967 to 1972. From 1962 onwards he 
was a non-resident fellow of the Salk 
Institute. 

Monod received many honours, in- 
cluding Foreign Membership of the 
Royal Society and the US National 
Academy, among otlers, and several 
prizes, culminating in the award of the 
Nobel Prize for Physiology and Medi- 
cine in 1965 which he shared with 
Lwoff and Jacob. 

His wife, the former Odette Bruhl, 
whom he married in 1938, died in 1972. 
They had two sons, twins, who survive 
him. Both are scientists. F.H.C.C, 
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Meetings 


August 30-31, L’Anthropologie et la 
Biologie des Populations Andines, 
Toulouse, France (Prof Georges Lam- 
bert, Centre d’Hemotypologie du 
CNRS, Colloque d’Anthropologie et 
Biologie des Populations Andines, 
Hôpital de Purpan, Avenue de Grande- 
Bretagne, 31052 Toulouse Cedex, 
France). 


September 2-3, 564th Meeting of the 
Biochemical Society, Dublin (The 


Meetings Officer, The Biochemical 
Society, 7 Warwick Court, Holborn, 
London WCIR SDP). 


September 6-8, Biochemistry of Lipids, 
Paris (J. Polonovski, Faculté de 
Médecine Saint-Antoine, 27, rue Cha- 
ligny, F 75571 Paris Cedex 12, France). 


September 21-23, Science and Tech- 
nology of Water Soluble Polymers, 
Cardiff (The Short Courses Secretary, 
Planning Section, UWIST, King Edward 
VII Avenue, Cardiff CF1 3NU, UK). 


September 24-25, Joint Radiological 
Meeting of the RCR and the BIR, 
Leeds (The General Secretary, BIR, 
32 Welbeck Street, London WIM 7PG). 


October 7-8, Meeting of the South- 
eastern Cancer Research Association 
on Membrane Receptors, Regulation 
of Gene Expression and Chemical 
Carcinogens, Atlanta, Georgia (Dr 
Edward Bresnick, Chairman of the 
Dept of Cellular and Molecular Bio- 
logy, Medical College of Georgia, 
Augusta, Georgia 30902). 
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Still a lot to learn from the Chinese 


TEN thousand, a hundred thousand, a million dead in 
the latest earthquake at Tangshan in China? It seems as 
if the Chinese authorities are not at present going to 
talk about the scale of the disaster, maybe believing that 
details of fatalities will produce some sort of ghoulish 
exultation in other countries and result in an indefinable 
loss of face. Certainly some silly people who, a year ago, 
would have dubbed the prediction which saved tens of 
thousands of lives on the Liaoning Peninsula a “‘spec- 
tacular success” have been talking about the present 
catastrophe as a “spectacular failure” of prediction. Such 
views can no doubt be discounted as shallow, but they 
do perhaps show why China will be sensitive to world- 
wide comment, and they do make it all the more neces- 
sary that the Chinese should understand the serious and 
compelling reasons why earthquake scientists, engineers 
and social scientists the world over want to learn as many 
lessons as quickly as possible from China, now an 
acknowledged leader in the field of prediction. 

Even though there do not seem to have been any open 
alerts about the most recent quake, those who have 
recently returned from China report that there had been 
concern over magnetic field changes and that there was 
a feeling that seismic activity was migrating in the general 
direction of Tangshan. More remarkably, travellers con- 
tinue to bring back accounts of unusual phenomena 
preceding and accompanying earthquakes, which seem to 
indicate that there is still a lot to learn about the art of 
prediction. 

Animal behaviour as a predictor has now, of course, 
become an object of popular fascination the world over. 
For one thing, the jumpiness of cats, dogs and snakes 
can be understood by a much wider public than can 
fluctuations in the velocity of elastic waves; for another, 
it does bring science down to a folksy level at which the 
good amateur observer is just as valued as the profes- 
sional. There are few branches of science where this is 
true today, and it is excellent news that amateur involve- 
ment has been given such a good name by the Chinese. 
Even the most sceptical Western observer will be im- 


pressed by the sheer crescendo of reportings of unusual 
phenomena last year in the weeks before the Liaoning 
earthquake. The latest addition to the collection is 
‘earthquake lights’. Like anomalous animal behaviour, 
this has been a subject attracting practically no atten- 
tion at all from seismologists, yet there is now a report 
from a respected Chinese seismologist of a glow in the 
air at the same time as a quake—something that had 
previously only been the subject of discounted hearsay. 

What the Chinese have succeeded in doing. and what 
this most recent calamity will certainly not dissuade them 
from continuing, is to raise the consciousness of people 
to unusual phenomena, even to the extent of encourag- 
ing them to file reports. This is a lesson that should not 
be lost in California, the Soviet Union. Japan, the Middle 
East or other places scourged by earthquakes. There are 
encouraging signs that at least the inhabitants of San 
Francisco and Los Angeles are prepared to learn from 
the Chinese experience that the experts need all the help 
they can get. That is why it is important that the momen- 
tum of interest which has been developing should not be 
stifled by suppression of news and of the interchange of 
scientists. 

There is a lesson in all this for the international 
organisations, too. Countries which have developed tech- 
nologies for their home market invariably start to turn 
their thoughts to export potential before long. And if 
the technology is one like railways. air-traffic control or 
defence systems, the inevitable interchange of personnel, 
training of technicians and stationing of advisers creates 
a dependency which is a modern form of imperialism. 
Just because China is at present reeling under a disaster 
and no other country can yet do any better does not 
mean that in ten years time there will not be an export- 
able commodity—and that certain countries, already with 
tribulations enough of their own, will not be asked to 
buy an expensive system and absorb a thousand advisers. 
UNESCO. rather well equipped in this field. should take 
this matter seriously while it is still a cloud on the 
horizon. o 
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The ecology of ecology 





“Ecology has become a social movement as well as a branch of biology’. 
Philip Lowe of University College, London, and Michael Worboys of Sheffield 
City Polytechnic give their view on the role of science in the environmental 


movement 





ENVIRONMENTAL concern, and with 
it the apparent immediacy of the 
ecological crisis, has of late receded. 
A downturn in the business cycle has 
sets its own limits to growth, and apo- 
cryphal warnings of the decline of 
Western capitalist democracies have 
superseded the environmentalists’ warn- 
ings of natural decay. But many 
environmental problems remain, and 
one enduring feature of many of these 
is their implication of modern science, 
both as cause and as solution. 

From the anxiety over radioactive 
fall-out and pesticides, through to 
current worries about fluorocarbons, 
nuclear power and hazards of the work- 
place, science has often been cast as the 
villain of the piece. Yet scientists have 
also been in the forefront in alerting 
society about these problems and in 
campaigning for action. Moreover, a 
leading role for science has been pro- 
posed in evaluating risks from pollution, 
in developing new resources and in the 
general formulation of solutions and 
strategies in response to environmental 
problems. 

This ambivalence with regard to 
science—which is, incidentally, very 
common where science impinges upon 
social issues—creates many difficulties. 
For example, different scientists may 
regard the same “problem” very 
differently. Whose assessment or warn- 
ing do we believe? To solve environ- 
mental problems, do we need more 
science, less science or different 
science? To which group of scientists, 
if any, do we turn for solutions? One 
common response to questions of this 
sort has been to look to ecology and 
ecologists as sources of “wisdom” and 
“healing”. The received notion that 
ecology is about wholeness and the 
natural has left it seemingly untainted 
by the reductionist and industrial asso- 
ciations of most modern science. 

Indeed, its marginality to mainstream 
science, of which ecologists have long 
complained, now proves to be an asset 


in a period when science generally is 
being questioned and attacked. Most 
environmentalists and environmental 
pressure groups have fallen in behind 
the banner of Ecology. They have used 
ecological information vicariously and 
promoted the adoption of ecological 
values, giving rise to a whole new 
genre of social polemic best described 
as popular ecology. In short, ecology 
has become a social movement as well 
as a branch of biology, and it is the 
connection between these two aspects 
of ecology that needs to be explored. 


Is politics redundant? 

The literature of the contemporary en- 
vironmental movement and popular 
ecology is characterised by a general 
rejection of conflict, especially political 
conflict: the lesson of ecology in its 
broadest sense is supposedly harmony, 
balance and symbiosis. As in techno- 
cracy, where traditional politics is 
deemed redundant through the over- 
riding and deterministic effects of man’s 
technological situation, so in popular 
ecology politics is declared equally re- 
dundant because of the imperatives of 
man’s ecological predicament. Com- 
pelling physical and natural constraints 
supersede and replace moral, social and 
political considerations. 

In Britain, the establishment of an 
Ecology Party indicates the presump- 
tion that environmental issues transcend 
orthodox political alignments. Formed 
in 1973 as a direct consequence of the 
appeal in the Blueprint for Survival for 
“a national movement to act at national 
level, and if need be to assume political 
status and contest the next general 
election”, it was known initially as the 
People Party—its subsequent change of 
name illustrating nicely how ecology 
has come to be seen as bigger than all 
of us. The electoral ambitions of the 
Ecology Party, its commitment to come 
to power by democratic means and 
work within the framework of a mixed 
capitalist economy and a parliamentary 


democracy, are somewhat at odds with 
its very radical manifesto proposals for 
de-growth, decentralisation and popula- 
tion control “to provide a working basis 
for ecological government’. However, 
recent correspondence in their broad- 
sheet, Alliance, has argued that it may 
in fact be essential for government, 
composed of an aware elite—the writer 
used the Spaceship Captain analogy— 
“to introduce ecology without taking 
the people into its confidence”, 

But most environmentalists would 
not completely abolish politics. Some 
view politics as the refined tool 
of environmental management, en- 
abling fine and delicate control of 
human well-being within the greater 
and larger purposes of the biosphere. 
The implication is that, as well as trans- 
cending political differences, environ- 
mental problems are also non-political 
in the sense that their solutions are 
management or technical issues. Hence, 
politics should no longer be about 
power, its use and distribution, but, 
instead, about the forms or techniques 
of government most appropriate to cope 
with urgent environmental problems. 


Conventional response 

The conventional response of the 
scientific establishment to environ- 
mental problems was expressed by the 
Council for Scientific Policy in 1972, 
when it urged that “more science will 
be needed, not less, to provide remedies 
and to enable society to take precau- 
tions against pollution”, and called for 
the “closer integration of science into 
social policies’. Thus, more “‘scientific”’ 
planning, monitoring and management 
are advocated, in such forms as techno- 
logy assessment, environmental impact 
analysis, quantitative environmental 
forecasting and ecological evaluation— 
activities viewed by their practitioners 
as sO many exercises in applied 
rationality, but criticised by others for 
clothing implicit political assumptions 
and implications in a pseudo-scientific 
mystique of “objective” knowledge and 
“rational” techniques. What is clear is 
that their practice seems to be based on 
the assumption of the availability of 
consensually defined social goals which, 
if absent, can be summonsed by the per- 
suasive presentation of the facts of the 
matter. 
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Ecological coalition 

Conservation, when treated in these 
terms, appears to be an unadulterated 
good thing; equated with applied eco- 
logy and with its own quantitative 
techniques, it seems beyond the realm 
of politics. The supposed political con- 
sensus surrounding the practice of con- 
servation in Britain, however, can also 
be seen to be the operation of a coali- 
tion of powerful rural vested interests, 
whose use of ecological rhetoric has 
enjoyed the active support or acquie- 
scence of professional ecologists. In 
fact, popular ecology has long been 
very closely linked with the interests 
and ambitions of professional ecolo- 
gists. 

The institutionalisation of a scien- 
tific discipline such as ecology is gener- 
ally accompanied by the competitive 
development of a disciplinary ideology 
which publicises the putative social 
utility and world-view of the discipline 
and plays an essential role in the estab- 
lishment of cohesion and a sense of col- 
lective identity amongst its practi- 
tioners. In Britain, the emergence of 
ecology as a distinct discipline dates 
from the turn of the century. Govern- 
ment recognition of its potential utility 
came in 1949 with the establishment of 
the Nature Conservancy as both a 
research council for ecology and an 
agency for the formation and manage- 
ment of nature reserves. 

Initially, the Nature Conservancy 
commanded a very much smaller 
share of resources than the other re- 
search councils, and ecology, with its 
amateur connotations of natural 
history, had a Iw status in the scien- 
tific community, But the Conservancy 
proved very successful in lobbying 
government and popularising ecology, 
and took the leading role in forging 
various groups into an effective and 
dynamic environmental lobby. In the 
late 1960s members of the Conservancy 
played a crucial part in popularising 
the existence of an environmental crisis 
and figured prominently in the institu- 
tional developments that were the 
outcome of the resulting public and 
governmental concern. Hence a strong 
element in ecological propaganda is a 
direct product of competition within 
science. 


Whose preserve? 

The further suggestion that the en- 
vironmental crisis reflected the pre- 
eminence of the physical sciences over 
the environmental sciences has also 
had considerable currency. It is indeed 
true that many science-related activities 
associated with both the generation and 
control of environmental problems, 
have been the preserve of chemists and 
engineers, largely to the exclusion of 
biologists. Thus, much pollution, such 
as that due to pesticides, detergents 


and nuclear radiation, has been seen to 
be consequent upon faulty and 
diminutive knowledge of environmental 
biology as compared with, say, physics 
and chemistry—indicating to some the 
need for a greater share of resources 
to be devoted to research and training 
in the environmental sciences. 

To many others, however, this analy- 
sis, in confining itself to relative 
deficiencies within science, does not go 
far enough and fails to recognise the 
economic and social basis of the organ- 
isation of science. The preponderance 
of the chemical control of pests over 
their biological control, for example, 
and the resultant pollution and develop- 
ment of pest resistance, may be less a 
function of the power of chemists over 
biologists than of the power of the 
chemical industry within society. Pro- 
fessional competition and interfactional 
disputes within science often need to 
be understood in terms of the relation- 
ship between scientific disciplines and 
elites and powerful interests external to 
science. 


Beyond tactical responses 
The plausibility of ecologists has been 
of crucial importance, and was directly 
involved in their popularisation of the 
environmental crisis, just as their pro- 
fessional interests are deeply enmeshed 
in “technical” solutions to environ- 
mental problems. In some instances, 
however, the appeal to ecology has 
gone beyond the search for tactical 
responses to particular problems, to- 
wards the claim that ecology can 
contribute to a radical re-ordering of 
human purposes and a re-orienting of 
society away from environmental 
disaster. The findings, concepts and 
approach of ecology have proved a 
rich source of ideas and analogies in 
the construction of environmentally 
sound social programmes—niche 
theory, the ecosystem concept, energy 
flow, materials recycling, limits of 
tolerance and succession have been 
deployed in many and varied contexts. 
Beyond this have come calls for 
ecological ideals, an ecological ethic, 
an ecological morality, ecological 
values and ecological determinism. Cer- 
tainly, the synthetic nature of ecology 
and its claims to transcend the narrow- 
ness of other disciplines have always 
been a source of its popular support. 
But, in this case, science appears to 
be adopting a leading role in society 
as a value-affirming, goal-setting and 
consensus-generating institution. At a 
time of change and dissent from estab- 
lished values, when it is generally 
accepted that traditional institutions 
have lost much of their authority, 
science, albeit reunified and chastened 
by the example of ecology, is turned 
to by those who value order and sta- 
bility as the one authoritative voice. 
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Science assailed 

Such appeals to science, however, 
come at a time when its own moral 
influence has also been assailed, by the 
attacks of what many identify as an 
anti-science movement. The response 
of critics like Roszak to the social 
problems of modern science has been 
to reject science—the objective, rational 
and calculating consciousness—in 
favour of a more subjective, intuitive 
and feeling type of knowledge. For 
Roszak, the discipline of ecology, and 
not high energy physics, should be the 
model science—a view shared by in- 
fluential and respected proponents of 
ecology such as Max Nicholson and 
Barry Commoner. 

The separate debate over social res- 
ponsibility in science has raised other 
questions about the direction and con- 
trol of science. The self-doubt that has 
been generated has prompted some 
leading scientists to demand greater 
solidarity and less dissent within the 
scientific community so as to render 
it less vulnerable to external attack and 
to preserve its authority in society. In- 
deed, internal fragmentation has been 
identified as one cause of the inability 
of science to respond effectively to 
environmental problems, and calls for 
a “unified science”, based on ecology 
and the related general systems theory, 
predict the consequent restoration of 
the weakened position of science in 
society. The holistic image of ecology, 
its promise of making whole that which 
was fragmented, and its widespread 
popular support, might help revive the 
moral influence of science, and re- 
generate consensus both within and 
outside of science. 


Crisis highlighted 

The environmental crisus thus high- 
lights a crisis of confidence within 
science and a crisis of science’s autho- 
rity in society. Mary Douglas, in her 
essay “Environments at Risk” (Times 
Literary Supplement, October 30, 
1970), has supported this view by 
drawing attention to the problems of 
credibility that scientists face in warn- 
ing society of possible environmental 
dangers. Indeed, the environmental 
movement has been interpreted by 
Michael King (Technology and Society, 
8, 1; 1973) as a bid by certain scientists 
to relocate and extend the basis of 
scientific authority. Science as a mere 
source of useful knowledge confers 
upon scientists the very limited and 
fragile power of technicians, but the 
ecologists’ claim to appreciate the wis- 
dom of Nature, as well as the orthodox 
scientists’ knowledge of natural laws, 
might legitimate a continuous and 
central involvement in the formulation 
of political purposes and values. O 
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Science policy in Poland 


Science has not escaped recent developments in Poland. 
Below, a Special Correspondent describes the trends. 


FTER four relatively fat years 
science in Poland seems to be 
entering a less happy period. Following 
the dismissal of Mr Gomulka during the 
stormy days of December 1969, his suc- 
cessors initiated a more dynamic 
economic policy and science was 
declared an essential factor of economic 
growth. The new leaders were keen to 
present themselves as scientifically 
oriented people. A honeymoon for 
science began with the setting up of a 
special committee, headed by the well- 
known sociologist Professor Jan Szcze- 
panski, to develop long term policy in 
education at all levels. The state pocket 
was enriched by loans from abroad and 
was opened wider for science. 

As a result of this, research and 
development expenditure rose from 1.4- 
1.6% of GNP in 1969 to about 2.5% 
in 1975. GNP itself rose by about 60% 
during this period and so the funds 
available for science were almost 
doubled—a dramatic increase, espec- 
ially in comparison with stagnating 
funds for science in Western countries. 
These official figures perhaps exagger- 
ate the increase to some extent because 
the definition of what is meant by 
science for budgeting purposes is vague 
and some expenditures not included 
previously are now under the heading 
of science. A sharp rise in the money 
available is, however, an indisputable 
feature of this period and witnessed by 
a number of new buildings, better en- 
dowment of institutes and laboratories, 
improvement of the level of scientific 
work in many fields and wider contacts 
between Polish and foreign scientists. 

The rise of money was not accom- 
panied by a proportional rise of scien- 
tific staff or number of students. In the 
1950s the relative number of students 
in Poland was greater than in most 
Western countries. But since the 
further rise of the number of students 
was slow (especially after the student 
riots in 1968) Poland has been over- 
taken by most European countries. The 
accompanying table of numbers from 
the official Statistical Yearbook, 1975, 
shows the recent trends. 

It has never been easy in Poland to 
spend all the money allocated for 
science, and it may be even more diffi- 
cult in the future. Budgets of Univer- 
sities and Institutes are being tightened 
by a large number of regulations more 
relevant to industry than to science. 
This is a feature of the five-year plan 
for the 1976-1980 period for the 
development of different aspects of 
technology. Plans of this kind—strange 


as it sounds—have also been compiled 
for basic science. A low opinion of 
the value of the whole time-consuming 
and inelastic planning system is com- 
mon in the scientific community. 

In spite of the earlier generous flow 
of money the housing conditions of 
many scientific institutions remain 
poor. Many courses in the University of 
Warsaw are given in buildings belong- 
ing to different secondary schools dis- 
persed over the city of Warsaw. The 
salaries of academic staff are very small 
in relation both to academic salaries in 
other countries of the communist block 
and salaries of other professional 
groups in Poland. The salary of a senior 
member of the staff (adiunkt) of a 
research institute is equal to the 
average salary of those working in the 
state sector (about 3500 zlotys per 
month, that is, $120 on the official 
tourist exchange rate—a figure which 
gives an accurate impression of the 
buying power of the earnings). From 
September 1976 the salaries will rise by 
about 15%. The rise of salaries pre- 
viously given to all other professional 
groups is now reaching the last group of 
government employees, namely, those 
working in the scientific institutes. 

The honeymoon of the Polish 
scientific intelligentia was over in 1973, 
close to the time of the much advertised 
Second Congress of Polish Sciences. It 
seems that the reason for this change 
of the official attitude was related to 
the disillusion of the government that 
Polish science will contribute signi- 
ficantly to the immediate improvement 
of the economy. Unfortunately these 
idle hopes have been repeatedly sup- 
ported by a large number of short- 
sighted Polish scientists eager to satisfy 
their personal goals. 

In Poland as in most eastern-block 
countries the intermediate link between 
scientific research and technology, the 
link responsible for implementation of 
new products and processes, is very 
weak. Its functions are frequently per- 
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academic institutions, for example in 
the institutions of the Polish Academy 
of Sciences (PAS). Thus the sharp rise 
of the level of Polish industry in 1970- 
75 was only marginally based on the 
achievements of Polish scientists and 
engineers, and was due mainly to the 
purchase of know-how from abroad; 
noting this, the leaders of the country 
have begun to treat science not as a 
producer of goods but as a consumer. 

The social sciences in Poland depend 
on official doctrine to a lesser extent 
than in other countries of the com- 
munist block. However, in spite of the 
official statements made in 1970 interest 
in their work has declined steadily. 
The report of the education committee 
under Szczepanski has been shelved, 
and the education policy actually intro- 
duced bears little relation to its con- 
clusions. Poland was fortunate to have 
after the war three economists of inter- 
national distinction, Oscar Lange, 
Michael Kalecki and Edward Lipinski, 
but their economic advice has been 
used in several other countries and 
never in Poland. Of these three only 
Professor Lipinski, member of PAS, 
is alive, but his views expressed 
in a number of letters having a wide 
hand-to-hand circulation are not taken 
into account by the authorities. 

In contrast to other groups of Polish 
intellectuals the scientists are relatively 
meek. Not many scientists or scholars 
signed the letters of protest against the 
recent revision of the Polish constitu- 
tion legalizing the leading role of the 
party and friendship to the USSR. 
Those who did are being punished: 
younger people are mot having their 
contracts renewed, and others, as for 
example Professor Stefan Amsterdam- 
ski, philosopher, are prohibited from 
going abroad even to attend con- 
ferences. 

According to official statements the 
government is not planning to increase 
the quota of places for students in uni- 
versities. This means that the situation 
of an applicant will be about the same 
as during the last few years due to the 
fact that the post-war demographical 
bulge is now close to its end. The 
announced quota based on the evalua- 
tion of future demands is very con- 
servative and recently it became clear 


formed with doubtful results by purely that for example the number of 
Student trends in Poland 
Year No. of students No. of resident No. of students No. of resident 
per 10,000 of students per per 1,000 of students per 
population 10,000 of population in 1,000 of 
population the age group population in the 
19-24 age group 19-24 
1970-71 101 64 136 87 
1974-75 126 76 139 84 





The official number of students per 10,000 of population given in the international part of the 
Yearbook is 144, but this includes also students in higher schools under the Ministry of Defence 
and the Ministry of Internal Affairs. In these schools there are about 80,000 students, and the 
total number of students in other institutions of higher education is 427,000. 
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physicians needed exceeds the number 
of accepted medical students. 

During the academic year 1975-76 
there was a considerable rise of 
political activity among students. They 
raised their voices in protest against 
the changes in the constitution. More 
recently they protested against the ex- 
pulsion of their colleague Mr Jacek 
Smykala from the Medical Academy in 
Szczecin (during a tutorial class in 
economics he asked what part of the 
national budget is allocated to the 
police force), and against the imprison- 
ment of their colleague Mr Stanislaw 
Kruszynski from the Catholic Univer- 
sity in Lublin (the only private uni- 
versity in Poland), who was sentenced 
to six months in prison for writing un- 
favourable opinions about the social 
system in Poland in private letters to 
his relatives and friends. From Warsaw 
University alone about 800 people 
signed this protest. 

At the beginning of 1976 a reduction 
of staff (up to 10%) took place in 
many research institutes, including 
those connected directly with industry. 
These reductions touched universities 
and industries of PAS to a lesser extent 
but it was decided to freeze the number 
of their staff for the next three years. 

The Polish economy, as is commonly 
accepted, is now entering a very diffi- 
cult period. One of the signs of this was 
the government’s proposals to increase 
the food prices in June (meat by about 
70%, sugar 100% and so on) which 
would have caused a fall in the spend- 


ing power of wages by about 20 to 30%. 
The wave of strikes (70 to 80% of big 
factories according to unofficial figures) 
and unrest in a few places forced the 
government to rescind this proposal. 
Science seems to be near the top of the 
list for economies. According to some 
sources it has already been decided to 
halve the rate of investment in science. 
Considerable political tension in the 
whole country has not by-passed the 
scientists. Speculations about personal 
changes have wide circulation. Mean- 
while the repressions against those in- 
volved in strikes and protests have 
already begun. 

As in all countries of the communist 
block, scientists in Poland have no real 
representation to defend their own 
interests and those of science. The 
Polish Academy of Sciences is the agent 
of the government and provides no 
more than formal representation. For 
example, recently, in June 1976, after 
the abortive attempt to increase prices, 
the Praesidium of PAS at its meeting 
in the metallurgical factory in Silesia 
wrote a letter of adulation to Mr 
Gierek, the Secretary of the Party. A 
few months previously, his son, Profes- 
sor Adam Gierek, was elected to the 
PAS: perhaps those who voted in his 
favour had in mind the dire fate of the 
Romanian Academy, which, as it is 
said, was a consequence of its refusal to 
elect Mrs Ceaucescu (wife of the Sec- 
retary of the Party in Romania) to the 
Academy. 

These and similar steps do not con- 


Artificial intelligence in education 


Miranda Robertson discusses research aimed at exploiting 
computers in human communication and teaching 


F the principal goal of research in 
artificial intelligence (a1) has been 
the development of intelligent 
machines, an increasingly conspicuous 
sideline is the promotion of intelligence 
in human beings. This social orienta- 
tion has been stimulated partly by 
Newell and Simon at Carnegie Mellon, 
and the ideas of Papert and Minsky, 
at the Massachusetts Institute of Tech- 
nology, (MIT), who see in artificial in- 
telligence a new way of looking at the 
nature and development of natural 
intelligence. 

Papert has for some years been an 
advocate of the use of sophisticated 
computer programming languages to 
help children learn how to think. Writ- 
ing a program in a high-level 
language involves the expression of 
thought processes which would not 
usually be formulated. When there is 
a mistake (“bug”) in the program, 
the child can retrace his thoughts in 


the program and understand his 
own mistake. The result, Papert be- 
lieves, is to increase the child’s intel- 
lectual effectiveness in general and 
make him more articulate. 


LOGO learning for children 

That is the idea behind’ experiments 
which have been going on in the 
LOGO laboratory at MIT for about 
three years. LOGO is a high level lan- 


guage which children can use to 
program various devices, the best 
known of which is a mechanical 


“turtle” with a retractable pen. 
Usually, the child begins by learning 
how to draw geometric designs by 
programming the turtle; later, as 
the system becomes more familiar, the 
turtle can be replaced by a somewhat 
nimbler oscilloscope trace. One im- 
portant advantage of a LOGO system 
Over more conventional curricula is 
that children enjoy working with it 
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Polish leader Edward Gierek 


tribute to the authority of PAS and do 
not reflect the views of the Polish 
scientific community. An interesting 
new development in this community 
and in the whole group of intellectuals 
is the collaboration of differently 
minded people, rightists and leftists, 
catholics and even members of the 
party. This collaboration is an outcome 
of the common feeling that the present 
policy endangers not only the further 
development of science, but also the 
very existence of independent Poland, 
and that the most important task con- 
fronting the intelligentsia is the defence 
of the national identity. o 


and it can be used to overcome the 
resistance that many children develop 
to learning mathematics. 

So far, the experiments at MIT have 
not been sufficiently systematic to pro- 
duce clear evidence for Papert’s per- 
suasive arguments. Up to now, the 
children have been drawn largely from 
the families of MIT research workers 
and from a local school, neither (prob- 
ably) very representative; and the 
classes have been supervised by re- 
search staff, in particular Dr Jeanne 
Bamberger, rather than by professional 
teachers. 

There has for some time been talk 
of an entire school geared to the 
LOGO system, and where about half 
the school curriculum would be under- 
taken at a computer terminal. But this 
ambitious project is not expected to 
start in earnest for another two years, 
during which a small group of teachers 
will be trained in LOGO, a pilot 
LOGO educational project will be run 
with the cooperation of one of the 
Cambridge or Boston schools, and 
some thought will be given to how the 
children’s intellectual development 
should be evaluated. 
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Evaluation presents a special prob- 
lem because it is not clear that the 
intellectual abilities LOGO is supposed 
to foster would necessarily be revealed 
by conventional psychometric tests. 
Papert and his colleague Marvin 
Minsky, who specialises in theories of 
intelligence, maintain not only that 
conventional tests are inappropriate, 
but that the qualitative difference they 
would expect to see in the children 
would be great enough to make statis- 
tical tests unnecessary. On the other 
hand they do not expect to be able to 
show those differences with anything 
short of a total “LOGO environment” 
and that is two or three years off. 

In the meantime, however, their 
ideas have inspired a number of 
schools and universities elsewhere to 
set up their own experiments with 
LOGO or other similar systems. Of 
those, a small research project and the 
Artificial Intelligence Department at 
the University of Edinburgh is the 


S 
W 
w: TO SQUARE 
d:l FORWARD 100 

d:2 RIGHT 90 
d:3 FORWARD 100 
d:4 RIGHT 90 
d:5 FORWARD 100 
d:6 RIGHT 90 
d:7 FORWARD 100 


square defined 
w: SQUARE 





w: TO HOUSE 
d:1 SQUARE 
d:2 TRIANGLE 
END 

house defined 

w: HOUSE 


furthest advanced with a scheme for 
providing more rigorous experimental 
evidence. Jim Howe, Tim O’Shea and 
Ben du Boulay have enlisted the 
cooperation both of a local school and 
of a teacher training college with the 
aim of finding out how learning may 
not only help pupils to learn, but 
teachers to teach. Eleven-year-old 
children from George Herriots, a 
direct grant Edinburgh boys’ school, 
have now been taking part for a year 
in LOGO classes in the course of 
which a LOGO curriculum has been 
designed, and practical experience has 
led to various improvements both in 
the language itself and to the develop- 
ment of new devices. 


Children with problems 

Although the Edinburgh group do 
not entirely share Minsky’s and 
Papert’s contempt for all psychological 
testing (indeed part of the research 
project is to design suitable tests), the 





w: TO TRIANGLE 
d:1 FORWARD 100 
d:2 RIGHT 120 

d:3 FORWARD 100 
d:4 RIGHT 120 

d:5 FORWARD 100 
d:6 RIGHT 120 

d: END 

triangle defined 

w: TRIANGLE 


This is an example of a “bug” which 
is commonly encountered when, hav- 
ing learned to write procedures to 
draw a square and a triangle, the child 
puts the two programs together to 
make a “house”. In this particular 
case, the bug arises because the 
turtle’s change in orientation § (in- 
dicated by arrows: S=starting posi- 
tion, F=finishing position) in the 
course of drawing the two shapes has 
not been correctly predicted. 

w: prompt typed when the computer 
is ready to take a command; d: 
prompt typed when computer is in the 
definition mode. 
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most striking effects they have seen so 
far have been precisely of a kind that 
psychometric tests would miss. Some 
of the most interesting evidence so far 
is anecdotal, and the example of one 
particular child with a problem sug- 
gests that a particular advantage of 
LOGO learning may be in bridging the 
communications gap between teacher 
and pupil, especially where for one 
reason or another that is particularly 
difficult. 

The anecdotal evidence concerns a 
“dyslexic” boy who was included by 
chance in the first group of 18 children 
to be taught LOGO. In spite of 
remedial lessons from sympathetic and 
enthusiastic specialists for two years. 
neither his reading and writing nor his 
classroom performance had improved, 
and he was well established in the 
role of class clown and dunce. LOGO 
programming, unlike the rest of his 
school work, however, came relatively 
easily to him and he rapidly reached a 
point where he was able to teach other 
boys. That brought about a change 
in his classmates’ attitude to him and 
a conspicuous increase in his own self- 
confidence. O’Shea illustrates the point 
with an account of an argument be- 
tween the boy and his teacher during 
a classroom lesson on sets. Asked to 
name the set of even numbers divisible 
by two and the set of odd numbers 
divisible by two, he responded with, 
“the set that never finishes and the set 
that never starts’. The textbook 
answers are the infinite set and the 
empty set, and the teacher marked 
him wrong. 

In a way that would have been un- 
characteristic before he started learn- 
ing LOGO, the boy argued with his 
teacher and as a result was awarded 
half marks. Part of the significance of 
that story, for Howe and O’Shea, lies 
in the phrasing of the boy's “wrong” 
response, which, like the definition of 
a LOGO program, is expressed in 
terms of procedures. The implication 
is that learning LOGO supplied not 
only the confidence to argue, but the 
language in which to do so (in- 
cidentally, a school inspector spon- 
taneously remarked of other boys in 
the group that they were exceptionally 
mathematically argumentative). 


LOGO learning for teachers 

One of Papert’ most important 
claims has been that learning LOGO 
provides a descriptive system within 
which to think and communicate; and 
this is relevant not only to the private 
intellectual development of individual 
children, but to the interaction between 
pupil and teacher: it can also help the 
teacher to understand and express 
what he has to teach, Papert maintains 
that what makes so many common 
skills (such as riding a bicycle) so hard 
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to teach is the lack of an adequate way 
of describing them. Because learning 
with LOGO is learning within a des- 
criptive system, it makes everything 
explicit and thus automatically more 
communicable. 

That is the rationale for an experi- 
mental LOGO course which Ben du 
Boulay has been running at a local 
college for trainee primary school 
teachers. Primary school mathematics 
teaching is often a special problem 
partly because the teachers’ own grip 
on the subject is none too firm. The 
aim of du Boulay’s part of the Edin- 
burgh project is to see whether LOGO 
learning has a function in helping 
primary teachers both to understand 
and to explain mathematics. That 
research is still at a preliminary stage. 

But LOGO learning as a “catalyst” 
to communication is an important 
theme of the Edinburgh research. The 
particular term catalyst has been 
adopted by Sylvia Weir to describe the 
effect of LOGO learning on communi- 
cations between an autistic child and 
the normal adults who work with him. 
Weir, working with Ricky Emmanuel. 
has found that allowing an autistic 
child to control the turtle from an 
array of buttons on a box stimulated 
him to communicate with them in a 
spontaneous way they had rarely seen 
in any other context. 

She attributes this “humanising” 
effect to what she calls “shared rele- 
vance”: the transparent connections 
between the pressing of the buttons 
and the movements of the turtle, and 
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between the turtle’s actions and the 
child’s own movements in space pro- 
vide, in her view, a basis of shared 
relevance, or a common framework, 
within which the child and the adults 
can communicate. Building on a 
framework of shared knowledge is the 
basis for any intelligent and effective 
teaching, and educationists acknow- 
ledge that good teaching must depend 
on the teacher’s being able to reach 
out to the child’s position and lead 
him from there. LOGO learning may 
be a special help where the sub- 
normality of the child makes the gap 
unusually large and the teacher’s task 
unusually difficult. 


Future of LOGO 

But the commitment of the Edin- 
burgh group is to find hard evidence 
for the possible benefits of computer- 
based teaching systems like LOGO. 
Most of the known methods of edu- 
cational assessment will be used for 
that purpose, and Howe and O’Shea 
have added one new test specially 
designed to reflect some of the skills 
that LOGO is supposed to promote. 
O’Shea calls it the ‘articulation test”, 
and it tests the ability of a child sitting 
on one side of an opaque screen to 
instruct his partner on the other side 
on how to construct a particular pat- 
tern from coloured blocks. Tha 
apparently simple problem has been 
known to reduce an untutored child to 
tears of inarticulate frustration, so the 
results should be interesting: but so 
far, they are only suggestive. 
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On what evidence there already is, 
what part are computer-based systems 
really likely to play in future educa- 
tion? Papert purports to believe that 
the future of education and computer- 
based systems are one and the same, 
and the next few decades will see the 
day when each child sits at home at 
his own computer terminal, without 
going to school at all. Expense he 
shrugs off on the grounds that elec- 
tronics, unlike anything else, are get- 
ting exponentially cheaper (consider 
the cost of the pocket calculator five 
years ago and now). Nonetheless, 
equipment of any kind is expensive 
and computers and their peripherals 
will remain more expensive than 
books. And although the Edinburgh 
research team has been impressed by 
the way that Papert’s educational in- 
sights have been borne out, from the 
practical point of view their attitude 
is both more conservative and more 
pragmatic than his. 

First, they do not see in LOGO a 
means of disposing of the teacher: the 
idea is that such systems may make 
conventional teaching methods more 
effective, not that they should replace 
them. Second, experience is beginning 
to suggest that the most effective use 
of computer systems may turn out to 
be in the education of subnormal 
children or those with other special 
problems. If the Edinburgh group can 
be accused of having a vision, then it 
is of machines which foster human 
interactions, rather than making them 
obsolete. 





Benn spells it out 





Developments on the British energy 
front are fast and furious, with nuclear 
power capturing most attention. Chris 
Sherwell reports. 





Fast moving sectors of the British 
economy are not in great abundance 
these days, but there is one that is 
beginning to behave in a manner repre- 
sentative of a seething hive of activity. 
Hardly surprising, for it is none other 
than the energy sector itself. And not 
a little of this is due to the increas- 
ingly voluble debate over nuclear 
power. 

The arguments over whether Bri- 
tain should have nuclear power 
already having been settled, the man- 
ner in which it is to be deployed and 
utilised is now at issue. That includes 
the question of timing, so there are 
tactical as well as strategic policy 
decisions to be taken. The latest in- 
volves the Steam Generating Heavy 


Water Reactor (SGHWR), expenditure 
on which was deferred for a year in 
the latest round of government spend- 
ing cuts. 

The cut means a saving for 1977-78 
of £40 million, and a reduction of £5 
million on research for the project. 
That in turn has made the broaden- 
ing debate on the future of the 
SGHWR either more pointless or more 
controversial, depending on your pers- 
pective. But it hasn’t prevented a start 
to the hearings of the House of Com- 
mons Select Committee on Science and 
Technology on the subject. They began 
this week, Mr Anthony Wedgwood 
Benn, Secretary of State for Energy, 
answering questions. 

Mr Benn was fresh from his discus- 
sions at the end of last week with Sir 
Arthur Hawkins, chairman of the 
Central Electricity Generating Board 
(CEGB), who supported the pressurised 
water reactor when a choice was being 
made in Britain in 1974 but has since, 
on Mr Benn’s testimony, given every 


assistance regarding the SGHWR. Sir 
Arthur was, however, expected to 
deploy cost estimates and electricity 
demand forecasts to advise against an 
immediate go-ahead, on the SGHWR 
or anything else. Mr Benn also had 
before him a report submitted within 
the past week from Sir John Hill, 
chairman of the UK Atomic Energy 
Authority (UKAEA), assessing the 
progress made so far on the SGHWR. 

It was soon apparent that Mr Benn 
was concerned to make only four main 
points. One, as he pointed out at the 
beginning, the middle and the end of 
his evidence, the British Government 
has not yet reached a decision to cancel 
the SGHWR, nor even a preliminary 
view on the matter. Two, the decision 
through spending cuts to postpone for 
a year its commissioning, while pos- 
sibly having consequences for the 
nuclear industry outside the SGHWR 
programme, was the product of defer- 
ment presenting itself as an option. 
This was in turn a result of “natural 
slippage” on the SGHWR’s reference 
design and safety standards working in 
the same direction as the effect of 
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falling demand for power stations on 
energy forecasts. 

Third, the initiative which resulted 
in the circumstances under which the 
SGHWR was now under scrutiny lay 
not with the government but with the 
UKABA. Sir John Hill had approached 
Mr Benn and given his view on the 
SGHWR; Mr Benn had asked him to 
put this before the UKAEA board for 
its considered judgment, and that had 
been done. 

It was this, in fact, which made the 
hearing the more revealing, for the 
report itself was actually supplied to 
the committee by Mr Benn before the 
hearings and was used as a basis for 
questioning Mr Benn. Inevitably, some 
of its details came tumbling out. 

The UKAEA’s view, it emerges, is 
that, ‘because of lower electricity 
demand and public expenditure strin- 
gency, the SGHWR is less attractive 
than it was two years ago. The “‘con- 
sensus view” of the board is, 
with the exception of the historically 
enthusiastic South of Scotland Electri- 


FRANCE 


Staying nuclear 


France's nuclear programme has come 
in for some domestic criticism recently, 
but looks like pressing ahead. A 
Correspondent reports 








Ir is August, France is on holiday, and 
that has brought a degree of quiescence 
to town and country. There is even 
time for some sort of break from poli- 
tics, or at least from certain political 
issues. But it remains uncertain 
whether, come September, one issue in 
particular will have been allowed com- 
pletely to die away. The issue is energy 
—specifically nuclear energy. Specifi- 
cally the fast breeder reactor. For, 
despite all the impressions conveyed 
abroad, the priority France gives to 
her nuclear programme in her overall 
energy strategy does not go totally un- 
challenged. And the priority given with- 
in that to the breeder reactor has not 
escaped attention. 

The whole issue finally blew up early 
last month, at a place called Creys- 
Malville, which is near Lyons and on 
the Rhône. Under construction there 
is perhaps the most advanced reactor 
of its type in the world. Superphénix, 
it is called, and it is expected to be on 
stream in the early 1980s—all 1,200 
MW of it. Like Britain, France already 
has a prototype breeder reactor, a 
250 MW plant known as Phénix situa- 
ted on the Rhône at Marcoule. But 
while Britain agonises about whether 


city Board, that the SGHWR be re- 
placed for the remaining thermal 
reactor programme by Pressurised 
Water Reactors (PWRs) or Advanced 
Gas Cooled Reactors (AGRs)—and 
that the AGR is the more promising, 
although operational experience is 
needed. 

The UKAEA went further than this. 
Subject to a satisfactory outcome of 
the Nuclear Inspectorate’s review of 
the PWR, there was a “strong argu- 
ment” that the future needs of the 
nuclear industry could be met by the 
construction of PWRs under licence. 
This, Mr Benn freely acknowledged, 
would, if acted upon, constitute a 
reversal of the government’s decision 
taken two years ago when his pre- 
decessor, Mr Varley, was at the 
Department of Energy. And, he said 
later, in the field of high technology 
one shouldn’t “chop and change” once 
a decision was taken; he added reassur- 
ingly that he himself was “reluctant 
to be driven off”. 

The precise extent of his reluctance 


to go ahead with a demonstration com- 
mercial-scale breeder, France is on her 
way—or looked to be until last month, 
when there was a new development. 
It was Europe’s anti-nuclear lobby 
which stepped in, Superphénix, already 
the object of trade union protests, 
became the butt of criticism from eco- 
logists and environmentalists as well. 
They came in hundreds and camped 
outside the site where workmen toiled. 
The jamboree lasted several days. The 
way it was brought to an end, however, 
aroused even more indignation than 
perhaps the construction itself: riot 
police moved in with tear gas and 
truncheons to evict the demonstrators, 
and some of the protesters were hurt. 
The criticism in France, as in other 
industrialised countries contemplating 
the use of the fast breeder reactor, is 
emotive inasmuch as it rides on the 
back of fear, particularly about the 
implications of the large-scale produc- 
tion of plutonium. It is not less 
rational, or less important, for that. 
But its form is characteristic. So, too, 
is the response from Electricité de 
France (EDF) and other interests with- 
in the French nuclear industry, and 
from the government too. Just look at 
France’s energy position, they say. 
Imports account for something like 
75%, of the country’s energy require- 
ments, a dependence which France 
must seek to reduce, if only for strate- 
gic reasons. What is more, the argument 
runs, unlike Britain, the country has no 
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was twice made quite plain when he 
made his fourth point. This outlined 
his response thus far to the UKAEA, 
and it amounts to a warning. If the 
SGHWR programme is dropped, says 
Mr Benn, it could be a setback to 
the country’s whole reactor pro- 
gramme. A decision to go for the PWR 
would mean re-commencing the whole 
effort to produce a reference design to 
meet UK conditions, and thus more 
delays, and even then it would not cer- 
tainly provide a solution. It would also 
set aside the past two years’ work, and 
previous work carried out at Winfrith 
in Dorset. 

Moreover, this would amount to a 
statement from the UKAEA that it 
had lost confidence in its own system. 
That would in turn rebound and 
damage the credibility not just of the 
UKAEBA, but of the systems it spon- 
sors, including the fast breeder, and of 
the whole nuclear idea. The nuclear 
issue, in short, might be thrown right 
back into the public arena, “where it 
may belong”. o 





oil, and its coal reserves don’t compare 
with those of Britain or Germany. 
That means nuclear power is likely to 
make economic sense as well. And the 
alternative threat of an energy shortage 
embodies implications as alarming as 
nuclear power for people’s lives. 

Of course France, like other indus- 
trialised countries, has been forced to 
revise its energy demand forecasts in 
light of general economic develop- 
ments. Energy use last year, for ex- 
ample, dropped by over 5%, more than 
the fall in national product, and there 
is increasing emphasis on energy con- 
servation. A fair amount of encourage- 
ment is also given to research and 
development on new sources of energy. 

But no one seriously doubts that 
France needs nuclear power now and 
will need it even more in the future. 
Even a special commission examining 
energy policy in France, formed partly 
in response to concern expressed last 
year by 400 academics at the increasing 
use of nuclear power, has not recom- 
mended any slowdown. Following a 
review of the nuclear programme 
earlier this year plans for power capa- 
city over the next few years includes 
construction of 6,000 MW of nuclear 
power this year and next, and 5,000 
MW in 1978. The change this repre- 
sents on the original programme is 
marginal, and, despite the protests, 
the talk is still of 40,000-45,000 MW 
of nuclear power 1985. By that time 
most of the country’s electricity will 
be nuclear generated and a substantial 
proportion of its total energy will be 
coming from nuclear plants. 
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All of this, moreover, will be taking 
place within the context of a thorough- 
ly reorganised nuclear industry. 
Plans for conventional plant will con- 
tinue to focus on the pressurised water 
reactors. Looking ahead, France ex- 
pects that the new generation of fast 
breeders will be needed in the 1980s. 
That is why Superphénix received the 
go-ahead earlier this year. And the fact 
that France has secured the coopera- 
tion on the project of both Italy and 
Germany while retaining a 51%, 
interest for EDF is of perhaps greater 
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consequence to many of those awaiting 
a British decision on the fast breeder 
than the debate on its implications 
which is now growing in all the in- 
dustrial countries, 

@ The final contract for the contro- 
versial Franco-South African deal 
involving the sale by a French consor- 
tium of two nuclear power plants to 
the South African Electricity Supply 
Commission (Escom) were not signed 
by the deadline of July 31 last week 
following the development of a compli- 
cation, apparently over safeguards 


Exporting for survival 


West Germany's nuclear industry is not 
becoming any less involved in the 
politically sensitive area of exports. A 
Correspondent reports. 


FurtTHER developments in the field of 
nuclear exports have come with news of 
additional moves from West Germany 
exploiting this increasingly lucrative 
market. Reports quoting West German 
Economics Ministry officials and 
spokesmen for the country’s leading 
power station constructor, Kraftwerk 
Union, indicate that West Germany has 
been clearing the way with Nigeria for 
negotiations to begin on the first 
sale of a 500-600 MW German nuclear 
plant to a black African country. 

The news coincides with the visit to 
West Germany ®f the Nigerian Prime 
Minister, General Yardua. It also 
comes just a week after Brazil had 
signed delivery contracts with Kraft- 
werk Union for the construction of 
two nuclear reactors as part of 
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last year’s government-to-government 
agreement, and less than a month after 
the signing in Tehran of the contract 
between Kraftwerk Union and the 
Atomic Energy Authority of Iran for 
the turnkey supply of two 1,200 MW 
pressurised water reactors. 

With the signing of the latter con- 
tract, West Germany has become the 
first western enterprise actually to con- 
clude a nuclear contract with Iran. The 
reactors, which are to be built near the 
city of Bushehr on the shore of the 
Persian Gulf, were begun this time last 
year after a letter of intent was issued 
to Kraftwerk Union in November 1974. 
Of the 3,800 employees presently on 
site, about 600 are German expatriates. 

Kraftwerk Union describes the plants 
it exports as the most reliable reactor 
systems, and generally cites the Biblis 
plant in Germany in support. In fact, as 
Rheinisch-Westfaelische Elektrizitaes- 
werk (RWE) confirmed last week, that 
station has now revealed technical 
problems in the course of a planned 
shutdown, and the length of the closure 


Suffering without support 


Wendy Barnaby reports from Stock- 
holm on the state of basic technical 
research in Sweden 


To live in Sweden is to be impressed by 
the sophistication of the country’s 
technology: a level of accomplishment 
which thrives on extensive research and 
development. There is, however, one 
part of this body of excellence which is 
ailing. Basic technical research is, in 
fact, close to death. 

Nobody seems to know exactly what 
basic technical research is, but every- 
one agrees that it is conducted for the 
extension of knowledge, without any 
specific application in view—although 


it may of course be used if the neces- 
sary techniques are developed. It is 
also differentiated from pure funda- 
mental research, which has no possible 
or likely practical application and which 
is supported in Sweden by the Natural 
Science Research Council. Opinion is 
unanimous, too, on the extent to which 
basic technical research is presently 
being supported. In the words of a 
spokesman at the Academy of Engin- 
eering Sciences, it is being given “no 
money at all”, 

This is hardly an exaggeration. Its 
needs used to be met by the State 
Technical Research Council. This body 
was disbanded in 1968 and replaced by 
the Swedish Board for Technical De- 
velopment (STU) whose emphasis has 
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attaching to the deal. A South African 
delegation left Paris after 24 hours of 
talks without having signed anything, 
and although French spokesmen 
sounded confident this raised doubts 
about whether the deal would go 
through. It now appears that an agree- 
ment concerning safeguards was later 
initialled in Paris and will be submitted 
to the International Atomic Energy 
Agency and Euratom, It is thought that 
once this is accepted, it will pave the 
way for the signing of the main 
contracts. 





is now likely to be doubled to four 
months. 

What this means in terms of costs 
for Kraftwerk Union is uncertain, but 
it does not expect to operate at break- 
even point until the 1980s anyway, The 
star of Germany’s nuclear industry, the 
company is crucially dependent on ex- 
ports to supplement the home market 
and so render possible the economies 
of scale necessary to compete favour- 
ably with the USA. But some overseas 
contracts were lost in the first half of 
1975. These included the plan for a 
nuclear power station at Kaliningrad 
on the Soviet—Polish border, which fell 
through because of East German 
objections concerning the supply of 
electricity, and deals with South 
Africa, Sweden and Switzerland. 

The company also appears to be find- 
ing that permits are now taking much 
longer to obtain, and greater safety 
measures, among other things, are ex- 
tending the construction time for the 
average plant. Germany has its own 
protectors of the environment too, 
keen to prevent (or at least delay) 
construction of plants beyond the ten 
or so already in operation. g 





been on supporting applied research, 
specifically of the sort that will further 
innovation and technical expertise in 
Swedish industry. Including govern- 
mental and industrial outlays, Sweden 
spends about Sk4,000 million (about 
$900 million) annually on research and 
development. For the 1975-76 financial 
year, STU’s budget amounted to about 
$56 million, of which—according to a 


spokesman there—about $10 million 
was devoted to basic technical 
research. 


Or, rather, to some types of that 
research. For there has been a re- 
orientation of grant-giving to favour 
certain areas of “‘hig’’ science—space 
and elementary particle research,’ for 
example. This has resulted in fewer 
numbers of bigger grants being given in 
these areas, rather than a multitude of 
smaller grants covering a broader 
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range. Dr Gösta Lagermalm, STU’s 
senior policy adviser, agrees that be- 
cause of this change of emphasis, the 
complaints of physicists, chemists and 
biologists trying to pursue “small” 
basic technical research are justified. 

Part of the work of a governmental 
commission set up in 1972 to survey 
Swedish research councils and make 
suggestions for changes in their organis- 
ation was to consider this particular 
problem. During the commission’s in- 
vestigations, STU was asked to indicate 
those projects supported by its 1971-72 
budget which had had their support 
reduced or cut off entirely in succeeding 
budgets because they were too much 
oriented towards basic technical re- 
search. STU replied that in 1971-72, it 
had given about $1.2 million to 49 such 
projects. This fell in 1972-73 to just 
over $650,000 for 31 projects, only four 
of which would be kept on for 1973-74 
—all for the last time. 

But approaching the problem through 
statistics does not really give the feel 
of it. Neither can it be gauged by 
comparing the number of applications 
for basic technical research grants 
received with those approved. As one 
professor at the Institute of Technology 
explained, colleagues of his who have 
been refused grants no longer apply 
for them, even though they still want 
to pursue their work and believe that it 
is more important for the country’s 
technical development than the short 
term projects they are forced to switch 
to. Another said that some colleagues 
he knew had tried to get funds by dress- 
ing their basic technical research 
applications to make them look like 
projects which would yield practicable 
results quickly. 

Various propositions have been put 
forward to find a new home for basic 
technical research. Some have sug- 
gested that the Natural Science Re- 
search Council should take on the job, 
others that STU should be given more 
funds in order to bring the research 
under its umbrella. Another suggestion 
was that this sort of research should 
have its own dispensing body. The 
governmental commission recom- 
mended last year that STU assume full 
responsibility for “support for technical 
research of a basic nature”. This would 
mean setting up another grant-giving 
body within the framework of STU, a 
task which seems hardly likely to be 
undertaken in view of the fact that yet 
another commission is presently study- 
ing the aims and structure of STU it- 
self, and is not due to report for 
another 18 months or so. 

Thus, while the planners plan, part 
of the activity they are meant to be 
stimulating is simply being strangled, 
with the limiting of scientific enquiry 
and the lowering of morale of those 
academics concerned as the result. O 
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Council rift over report 


The Science Council of Canada 
received a little more public attention 
over a recent incident than it wanted. 
David Spurgeon reports from Ottawa 


THe well-known French-Canadian 
science broadcaster Fernand Seguin 
resigned from the Science Council 
recently when it would not publish his 
dissenting views on a council report on 
population, technology and resources. 
The report calls for a sharp reduction 
in immigration to slow Canada’s popu- 
lation growth and maintain its high 
standard of living. It also proposes that 
Canada should use high technology 
to increase its food production and ex- 
ports of food and raw materials. 

Mr Seguin contended that the large 
increases in food exports proposed 
would help create a small club of privi- 
leged countries and would support the 
US stategy which seeks to use food as a 
political weapon in a way that the 
OPEC countries have used their oil. 
He maintained that the high technology 
called for in the report would require 
massive participation by multinational 
companies, a ląrge-scale influx of 
foreign capital, and construction of 
more than 100 nuclear power plants in 
Canada. The upshot would be that 
Canada would align itself with US 
“food imperialism”, and “‘hunger- 
stricken countries would have to come 
and eat from our hand”. 

Another council member, Dr Ursula 
Franklin, professor of metallurgy and 
materials science at the University of 
Toronto, also disagreed with the coun- 
cil report. She re-assessed her position 
on the council as a result of the refusal 
to issue a minority report, but later 
decided not to resign, saying she would 
continue her participation in the coun- 
cils project on the Conserver Society, 
of which she is head. (The Conserver 
Society is one of the three themes 
around which the council has recently 
structured its programme. The other 
two themes are technological independ- 
ence and industrial strategy, and the 
health of the Canadian scientific com- 
munity.) 

In a newspaper interview ahead of 
the council study’s publication, the 
study’s chairman (and a former council 
chairman), Dr Omond Solandt, pro- 
posed cutting immigration to Canada 
from last year’s 143,000 to an annual 
net figure of 50,0000 to produce a 
population of 28 to 30 million by the 
end of the century (present population 
is about 22 million). He argued that 
Canada can only export food if it does 
not import people. Furthermore, he 


said that Canada could feed four or 
five times as many people by exporting 
grain as it could if they lived in this 
country, since people in developing 
nations consume only about 400 pounds 
of grain a year compared to 2,000 
pounds consumed by North Americans. 

Energy would also be a problem, 
said Dr Solandt, because Canadians 
consume more energy than do people 
in developing nations. “If we brought 
in another 20 million, it would com- 
pletely disrupt the economy,” he said. 
“We probably wouldn’t be able to feed 
the people brought in, and we certainly 
wouldn't be able to keep them warm.” 
Dr Franklin has contended that it is 
not possible for a country with 
Canada’s small population to increase 
food and raw material production 
greatly without high technology, and 
says this will mean that Canada will 
increasingly have to sell out to foreign 
capital. It would also require highly 
centralised planning. 

In Dr Franklin’s mind, the problem 
with the Science Council report is not 
so much with its population targets as 
with these problems of technology. 
Immigration levels can be adjusted up 
and down, but high technology is 
irreversible, she maintains. It also in- 
volves environmental and social costs, 
and she says council members have 
demonstrated an unwillingness to come 
to terms with the inevitable social 
problems. 

The council chairnfan, Josef Kates, 
said the minority report was refused 
because it had nothing constructive to 
offer. French-Canadian reporters raised 
the issue at a press conference held to 
release the council’s annual report only 
a day or two after the controversy sur- 
faced and vice-chairman Claude 
Fortier, director of the department of 
physiology at Laval University, ac- 
knowledged that the council has pub- 
lished minority reports in the past. 

The council accepts the right of 
members to differ with a majority 
report, but the council reserves the 
right to decide the mode of transmis- 
sion of the minority report, he said. 
Sometimes this is simply a note, some- 
times it is done in the letter of trans- 
missal of the report to the Minister of 
State for Science and Technology (the 
method to be followed in this case). 
Dr Fortier said no report of council 
had had more discussion than this one 
(a remark that echoed Dr Solandt’s 
comment that the study was the most 
difficult ever undertaken by the coun- 
cil). Both Dr Fortier and executive 
director J. J. Shepherd said they re- 
gretted Mr Seguin’s departure. o 
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IN BRIEF 
Sea Law, round four 


The Law of the Sea Conference con- 
vened in New York for another seven- 
week session this week surrounded by 
a major new uncertainty, the Presi- 
dential campaign in the United States, 
but with some other problems 
effectively sidestepped by the sprinkling 
(not to say, flood) of unilateral declara- 
tions of 200-mile fishing limits made in 
the past few months. The EEC coun- 
tries have now declared their joint 
intent to introduce a community fish- 
ing limit, even if the conference does 
not come up with a proper agreement. 
It is, however, the wider question of 
how to deal with mineral resources on 
other parts of the sea bed that is likely 
to exercise the New York session most. 
How are these resources to be exploited 
“for the benefit of mankind as a 
whole” (to coin a conference phrase)? 


PLANNING must be based on the best 


possible forecasts of future develop- 
Unfortunately the best is 
generally not very good. Dr Walter 
Marshall told a conference on Renew- 


ments. 


able Sources of Energy organised 


recently by the Royal Society of Arts 
that the only certain thing about fore- 
casts of energy use was that they 
would always prove to be wrong. Thus 
the Central Electricity Generating 
Board’s projections made in the early 
1960s overestimated the peak load for 
current used in 1975 by some 40%, 
which makes,one suspicious of their 
figure foretelling a doubling or even 
trebling of the use of electricity in 
the period up to the year 2,000. 

Population projections are even 
more difficult. Thus one report 
published shortly before the 1939-45 
war, when England and Wales had a 
population of 41 million, suggested 
that this might fall to 31 million by 
1975, and that the chances of a popu- 
lation increase were remote. In fact 
numbers increased by 8 million. The 
most recent figures issued by the 
Office of Population Censuses and 
Surveys suggest that the present trend 
to ZPG (zero population growth) will 
suffer a modest reverse after 1981, 
and that numbers in England and 
Wales will grow by about 14 million 
by 1991. It will be interesting for 
those who survive to see what really 
happens. 

Forecasting traffic densities, on 
which future road programmes are 
based, is an equally chancy business. 
Until recently the Department of the 
Environment decreed that their figures 
produced by the Road Research 
Laboratory must not be questioned. 


And would the proposed International 
Seabed Authority actually wrap up 
every manganese nodule so inextricably 
in red tape as to make a good principle 
impossible to work out in practice? 
Any real decisions are likely to have to 
await a fifth round of conference—and 
the result of the US election in 
November. 


What’s happening on Mars? 


Two of the three experiments carried 
on the Viking lander and designed to 
detect reactions in the soil characteristic 
of living organisms have so far yielded 
data. One, measuring the conversion 
of radioactively-labelled nutrients to 
labelled carbon dioxide, showed an 
initial rapid burst of activity which has 
since died down to almost nothing. In 
another, the soil released large amounts 


This arrogant attitude has at length 
been somewhat relaxed, but an 


enormous increase in the number of 
private cars and of their use is still 


Forecasting error 





KENNETH MELLANBY 


postulated. Yet there is little reason to 
believe that traffic projections are any 
more accurate than those for power 
or population. 

Unfortunately many people seem to 


think that forecasting is becoming 
increasingly scientific, and that the 
use of computers is making the results 
more reliable. It is true that a great 
deal of mathematical skill has gone 
into the study of population trends, 
energy use and traffic census, and that 
the calculations arising therefrom 
have sometimes been speeded up by 
suitable computer programs, but 
unfortunately there has been no 
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of oxygen when initially dampened with 
water, even before the experiment 
proper (of adding a concentrated 
‘chicken soup’ of nutrients) had begun, 
but nothing has happened since. 

The best guess at the moment is that 
the Martian soil contains large amounts 
of bound oxygen, a not improbable 
speculation as the soil is rich in iron 
minerals which in some circumstances 
can readily bind oxygen under the in- 
fluence of uftaviolet light. This would 
accord with earlier speculation that 
oxygen and hydrogen originating from 
water might be trapped in the iron 
minerals on Mars. So far it looks as 
though Mars may be the Mecca of the 
soil chemist (since no known soil on 
Earth has ever produced similar 
reactions, although the search is now 
on amongst desert soils) but that the 
question of life there remains as much 
of an enigma as ever. 


improvement in obtaining the data 
used. The whole process has too often 
been one of “garbage in, garbage 
out”. There are so many un- 
known and uncontrolled variables 
that it might be better to rely on crude 
sums done on the back of envelopes, 
than to use elegant calculations and 
expensive machinery which give a 
spurious illusion of scientific accuracy. 

Some errors cannot be eliminated. 
We could foretell the birthrate 
accurately for about eight months 
from any date, and, provided there is 
no war or major epidemic, estimates 
of death rates and total population are 
foreseeable for a similar period. Fore- 
casts for longer periods are simply 
guesses, affected by social factors 
which, so far, have defied accurate 
quantification. Only some form of 
rigid totalitarianism could improve the 
statistics. 

Unfortunately some projections 
have a built-in source of error. Our 
government is committed to the idea 
of economic growth. Scientists in 
public employment appear to be ex- 
pected to assume that this growth will 
take place, and that there will be in- 
creased energy consumption, more 
consumer goods, more travel and a 
growing “environmental impact”. It 
is assumed that government policy 
will stimulate this growth in the 
economy. Some believe this to be 
likely, others describe schemes in- 
tended to produce growth as “pouring 
out public funds like water, to create 
lakes in which lame ducks will sink”. 
It may be impossible to keep politics 
out of forecasting, but political 
factors should be identified and not 
concealed. 
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correspondence 





Lithium supplies 

Sir,—We fully support the contention 
of Walton and Spooner (June 17, pages 
533-5) that there is a pressing need to 
identify further resources of lithium, 
but would take issue with them on a 
few points. 

In Table 2 some 50% of their total 
resources derives from North American 
brine deposits. However, J. D. Vine 
(Journ. Research U.S. Geol. Surv., 3, 
4, 479-85; 1975) recently emphasised 
that the amount of recoverable lithium 
at Silver Peak is, in fact, lower than the 
published reserves by a factor of 10. 
Should a similar factor apply to other 
brine deposits the shortfall between 
Western world reserves and projected 
consumption becomes critically magni- 
fied. 

Our present, limited, understanding 
of the geochemistry of lithium suggests 
that more small brine and pegmatite 
sources may be discovered in the 
developed countries. Even so, the best 
prospects for large reserves lie in Africa 
and South America, sources which for 
various reasons may not automatically 
be available to the technologically ad- 
vanced Western nations. We may be 
obliged to rely, therefore, on known 
smaller domestic deposits and on ex- 
ploration and development of new types 
of lithium deposit. 

Walton and Spooner state that the 
European countries ‘“‘possess no 
presently identified significant lithium 
resources”: though true of reserves it 
is not so of resources. Small lithium 
pegmatites and lithia brine flows are 
known in several European countries, 
including Great Britain, but none is 
exploited at present. Given suitable 
financial inducement to development, 
they could make a valuable though 
comparatively small contribution to our 
requirements, 

Of more significance are the lithium- 
rich portions of the Variscan granites, 
in which lithium occurs largely in 
“lithionite’’ mica. In Cornwall, for ex- 
ample, parts of just such a major 
lithium resource have been affected by 
kaolinisation and some of the lithionite 
could be extracted during the working 
of china clay. As yet the distribution 
of lithionite-granite in the Cornubian 
batholith is imperfectly known and we 
have only sparse information on the 
variations in lithium content and none 
on isotopic composition. Nevertheless, 
exploitation of zinnwaldite mica from 
granites of the Czechoslovakian Erzge- 


birge, albeit under a different economic 
philosophy, indicates that this type of 
deposit may have an important role to 
play in the supply of future lithium 
requirements and argues for a direct 
programme of geological and chemical 
engineering research ino the lithium 
potentialities in the Western European 
Variscides. 
Yours faithfully, 
K. E. BEER 

Institute of Geological Sciences, 
Hoopern House, 
Exeter 

J. R. HAWKES 
Exhibition Road, 
London, UK 


Bran and sawdust 


Sır, —It was suggested by Dr Jukes 
(May 13, page 92) that bran and saw- 
dust constitute a safe diet. This is not 
so. There is evidence (Mackarness, 
Not All in the Mind (Pan; 1976)) that, 
on an evolutionary, time scale, cereal is 
a recent addition to our diet, one to 
which we have not yet become adapted, 
and a Stone Age pre-cereal diet was 
recommended. 

As for sawdust, it is highly likely 
that timber is carcinogenic: wood 
workers have a high incidence of nasal 
adenocarcinoma (Acheson et al., Brit. 
J. industr. Med., 29, 21; 1972), while 
mice bedded on wood shavings show 
an increase in so-called “spontaneous” 
tumors (Sabine ef al., J. Natl Cancer 
Inst., 50, 1237; 1973). 

Tt is high time to accept the fact that 
nothing whatever is completely safe. 

Yours faithfully, 
VALDA M. CRADDOCK 
MRC Toxicology Unit, 
Carshalton, Surrey 


Canned crab 


Sır, —In 1959 Ecuador declared the un- 
occupied lands of the Galapagos Archi- 
pelago a national park; by 1968 a 
department of national parks and 
wildlife was created to administer 
the park. The national park service 
service started collecting an entrance 
fee in 1972 that, in part, is used to 
finance conservation programs in the 
islands. Although conservation efforts 
have grown, tourism has grown more 
spectacularly. For instance, since 1969 
the number of tourist boats have more 
than doubled. 

There is currently an effort to extend 





the national park to protect the marine 
life near the Galapagos shores. It will 
be difficult to regulate the fishing but 
this may become necessary. Packing 
boats started to visit the islands 
regularly in 1972, allowing fishermen 
to go farther and stay out longer. Many 
of the endemic species such as the 
Galapagos penguin are dependent on 
small fish which could become com- 
mercially valuable. The Galapagos 
penguin is subject to total nesting 
failures suggesting that competing pres- 
sure from humans could, over a period 
of time, reduce their population. 

Dramatic decreases in species num- 
ber or composition will probably be 
detected but subtle changes could go 
unremarked. In 1972 when no more 
than 80 tourists were visiting Pta. 
Espinosa, Fernandina weekly, a hermit 
crab with a discarded film can marched 
through my camp in July and August. 
Our camp site was a mile from the 
tourist landing and we had no similar 
film canisters. The hermit crab’s alu- 
minium home should have heated up 
rapidly in the hot equatorial sun, which 
may be why the crab stayed in the 
shade of the mangroves. Pesticides 
have been found in almost every remote 
corner of the world; the film canister 
may be next. 

Yours faithfully, 
DEE BOERSMA 

Institute for Environmental Studies, 
University of Washington, 
Seattle, Washington 
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Anti-idiotypic antibodies: a clinical future? 


from L. Brent and P. J. Kilshaw 


One of the most recent concepts 
emerging from the witches brew of 
present-day immunology is the exciting 
possibilty that antibodies directed 
against the receptor sites of other anti- 
bodies may have a role in regulating 
the immune response. 

It 1s more than a decade ago that 
Oudin and Michel (C.r. hebd. Acad 
Sci Paris, 257, 805, 1963) observed 
that antibody receptor sites (which 
bind antigens in a highly specific 
manner) themselves bear antigenic 
determinants and that these ‘idiotypic’ 
determinants (or idiotypes) can evoke 
antibody production in animals belong- 
ing to the same species. Idiotypes owe 
their existence to the unique configura- 
tion of the variable region of specific 
antibody molecules, and they should 
not be confused with ‘allotypes’—- 
again first described by Oudin-—which 
are antigenic specificities present in 
the immunoglobulins and other pro- 
teins of different groups of individuals 
of the same species and determined by 
different alleles of the same gene The 
vast repertoire of antibody receptor 
sites within a single individual ış asso- 
ciated with a great heterogeneity of 
idiotypic determinants, and so the pro- 
duction of antibodies with combining 
sites for the stimulating antigen is 
matched by the appearance of a limited 
range of idiotypes. The observation 
that antibodies can combine with the 
receptor sites of other antibodies led 
Jerne (Ann Immun Inst. Pasteur, 
125C, 373; 1974) to suggest that the 
production of anti-idiotypic antibodies 
might be a normal event that 
modulates the degree and duration of 
the response. This could theoretically 
be the case provided that lymphocytes 
carry receptor sites on their surface 
identical to those on immunoglobulin 
molecules’ by combining with these 
receptors, anti-idiotypic antibodies 
could prevent contact between lympho- 
cytes and their specific antigens or 
even cause cell death, thus limiting the 
immune response. Such a mechanism 
would presumably depend on the repli- 
cation of specific idiotypes up to or 
beyond the threshold at which anti- 
body production against them ensues; 


that is, by an increase in the antibody 
titre in the case of B cell responses, 
and for T cell responses, an increase 
in the number of cells with specific 
receptors. At present there ıs little 
direct experimental evidence to support 
this fascinating theory, but over the 
past few years there have been a 
number of successful attempts to sup- 
press both humoral and cellular res- 
ponses by passively administering anti- 
idiotypic antibodies or by actively 
stimulating their production. 

The urgent need for a specific form 
of immunosuppression in clinical trans- 
plantation has provided an additional 
incentive for the study of anti-idiotypic 
antibodies, using T cell receptors or 
alloantibodies directed against specific 
transplantation antigens. Ramseier and 
Lindenmann (Path. Microbiol., 34, 
379; 1969) were the first in the field: 
they reasoned that if an F, hybrid 
mouse resulting from the mating of 
animals of two inbred strains (say A 
and B) is injected with lymphocytes 
from one of the parental strains (say 
A), the only antigenic determinants 
present on the injected cells recognised 
as foreign by the F, recipient would be 
receptors for antigens of strain B. (A 
mouse which possesses both A and B 
antigens on its cells will not have recep- 
tors for either). In these circumstances 
the production of anti-(anti-B) anti- 
bodies could be expected. Using a rather 
indirect and cumbersome test, the PAR 
(Product of Antigenic Recognition) 
asay, Ramseier and Lindenmann (see 
Transplant. Rev , 10, 57; 1972) showed 
that sera taken from animals sensitised 
in this manner were capable of sup- 
pressing the in vitro reactivity of strain 
A lymphocytes against alloantigens of 
the B strain. The immunosuppressive 
moiety responsible for this effect was 
not, however, fully characterised. 

More recently, Binz, Wigzell and 
their colleagues (see Binz, Kimura and 
Wigzell, Scand. J Immun; 4, 413; 
1975) have adopted a similar approach 
using the inbred rat strains Lewis and 
DA They found that anti-receptor site 
antibodies could be prepared optimally 
by injecting purified T  (thymus- 
dependent) lymphocytes from one of 


the parental strains (Lewis say) into F, 
hybrid recipients. In this case then, 
sera taken from the hybrids would 
specifically abolish the response of 
Lewis lymphocytes against DA anti- 
gens, and this has been shown with the 
aid of graft-versus-host and mixed 
lymphocyte culture reactions These 
assays test the ability of lymphocytes to 
recognise and respond to specific 
alloantigens Furthermore the F, hybrid 
antisera formed a precipitate with 
alloantibodies of the appropriate 
specificity and they agglutinated 
alloantibody-coated red cells. 

Anti-idiotypic antibodies might be 
expected to provide a useful tool for 
characterising the elusive T cell re- 
ceptors for antigens of various kinds. 
By absorbing putative anti-receptor site 
antibodies with purified T cells or with 
alloantibodies, Binz and Wigzell (J. exp. 
Med., 142, 197; 1975) were able to 
show that the idiotypes on the T cell 
receptors were closely similar to, or 
identical with, those present within the 
combining sites of immunoglobulin 
molecules Further, they succeeded in 
identifying receptors from both T and 
B cells in the body fluids of normal 
Lewis rats. 

In a paper published in Nature 
recently Binz and Wigzell (Nature, 
262, 294; 1976) describe the effects of 
an anti-idiotypic response on the sur- 
vival of allogeneic rat skin grafts. To 
evoke the anti-idiotypic response they 
sensitised Lewis rats with Lewis recep- 
tors specific for antigens of the DA 
strain The receptors were isolated from 
the serum of normal lewis rats with the 
aid of an immunosorbent consisting of 
antibodies specific for Lewis anti-DA 
idiotypes coupled to sepharose par- 
ticles, dissociated from the immuno- 
sorbent, treated with gluteraldehyde 
(this causes cross-linking and increases 
immunogenicity) and injected in 
Freund’s adjuvant into four Lewis rats. 
This procedure was repeated three 
weeks later. DA skin grafts trans- 
planted to these animals 19 days later 
had a mean survival time of 30 days, 
one of them surviving for 38 days, 
compared with 10 days in the un- 
treated controls. (This observation was 
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confirmed in a larger group of reci- 
pients, in which the mean survival 
time proved to be somewhat less, 24 
days.) The partial unresponsiveness 
was specific in that grafts from a third 
strain (BN) transplanted at the same 
time were rejected with a mean sur- 
vival time of 12 days. The lymphocytes 
of the four immunised Lewis rats were 
tested for MLC reactivity before skin 
transplantation and found to be non- 
reactive to DA but fully responsive to 
BN antigens. Some time after they had 
rejected their skin grafts the sera from 
these rats were subjected to rigorous 
tests which established without doubt 
that anti-idiotypic antibodies were still 
present in significant amounts—a find- 
ing that received support from the 
observation that these animals suf- 
fered from an impairment of alloanti- 
body production when they were chal- 
lenged with (DAXLewis)F, hybrid 
lymphocytes. 

Binz and Wigzell propose that anti- 
idiotypic antibodies caused the physical 
elimination of cell clones which were 
specifically reactive to DA antigens. 
Whilst the results are impressive and the 


authors’ interpretation entirely plau- 
sible a note of caution must neverthe- 
less be sounded, especially in relation 
to the clinical application suggested by 
Binz and Wigzell. First, the complexity 
of the manipulations involved is con- 


siderable Second, investigations involv- ` 


ing the immunoregulatory powers of 
anti-idiotypic antibodies in transplanta- 
tion have been largely dominated by 
the Lewis and DA rat strains, and it is 
now vital to show that the phenomenon 
extends to other strains and to other 
species. Third, the prolongation of 
graft survival achieved in these experi- 
ments, though considerable, is strictly 
limited: in view of the apparent pre- 
sence of anti-idiotypic antibodies long 
after the grafts had been rejected one 
may well wonder why survival was not 
more prolonged or even permanent. It 
would seem that anti-idiotypic anti- 
bodies alone are not sufficient to gua- 
rantee complete unresponsiveness. Fin- 
ally, the active production of these 
antibodies depends on pretreatment of 
graft recipients; even if it were possible 
to apply the rat methodology to human 
graft recipients (and there must be 


Associated production of charm 


from W. T. Toner 


A NEw heavy particle with two proper- 
ties characteristic of the charm scheme 
(see News and Views, 259, 622; 1976) 
has been discovered by the Stanford- 
Berkeley collaboration working on the 
SPEAR storage ring at Stanford in 
California (Goldhaber et al., Phys. 
Rev. Lett., August 2, 1976). It was 
observed in decay modes containing K 
mesons and seems always to be pro- 
duced in association with one or other 
of two heavier particles whose presence 
is inferred from indirect evidence. 

When the same group discovered the 
4 family and showed that the unexpect- 
edly large rate for the annihilation of 
high energy electrons and positrons 
began suddenly at the point where the 
~# series changed from having uniquely 
narrow widths to a more normal shape, 
most particle physicists confidently 
assumed that the excess was due to the 
copious production of charmed par- 
ticles into which the heavier Ws could 
decay rapidly: it should be as easy to 
create two oppositely charmed particles 
out of the annihilation energy as two 
charged particles. There should be no 
difficulty in finding them since theorists 
predicted frequent decays involving K 
mesons. 

Months later when the only reports 
from Stanford were of fruitless 
searches, people began to find excuses. 


Easily identified decay modes contain- 
ing K mesons and no neutral particles 
might be rarer than one had thought. 
It now seems that everyone had under- 
estimated the amount of careful work 
needed to find even the most obvious 
decays. In fact, with hindsight, one can 
find some evidence for the new particle 
in the previous negative report (Boy- 
arski et al, Phys. Rev. Lett., 35, 196; 
1975). 

In the experiment every electron— 
positron annihilation event which 
results in two or more charged particles 
being detected is recorded. After cases 
with electrons or mu-mesons are 
eliminated, each event is analysed to 
test the hypothesis that a particle was 
produced which decayed into a 7 and a 
K meson. Charmed lives, though un- 
usually long, should still be much too 
short for the charmed particles them- 
selves to leave tracks; only m and K 
mesons or protons (anti-protons if 
negatively charged) can be recorded. 

From a rough determination of the 
velocity of each particle and a precise 
measure of its momentum, the analysis 
programme first computes the relative 
probability that the particle was a 7 
meson, a K meson or a proton so that 
a precise mass can be assigned When 
the decision is ambiguous between K 
and m, both possibilities are included 
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considerable doubt about that) pre- 
treatment would not be practicable in 
the transplantation of cadaveric grafts, 
that is, in a situation in which the 
intercession of a specific form of 
immunosuppression is most needed. 
Perhaps the most likely application to 
man will be in the control of auto- 
immune diseases. 

Despite these reservations the data 
of Binz and Wigzell are clearly of the 
greatest importance, if only because of 
their impact on theories of antibody 
formation and control. Anti-idiotypic 
antibodies with specific immuno- 
regulatory properties have been des- 
cribed in other systems, and these have 
so far always involved antigens that 
evoke antibodies of very narrow clo- 
nality (that is with a narrow range of 
idiotypic determinants), such as phos- 
phoryl choline (Cosenza, Eur. J. 
Immun., 6, 114; 1976) and group A 
streptococcal carbohydrate (Eichmann, 
Eur. J. Immun, 5, 511; 1975). Time 
alone will tell whether this special 
feature is a prerequisite for the produc- 
tion and immunoregulatory properties 
of anti-idiotypic antibodies. 


and the event is analysed as if it were 
two (or more) different events each 
with an appropriate fractional statistical 
weight. The energy pf each particle 
can now be calculated accurately from 
Einstein’s relation between mass (m) 
energy (E), momentum (p) and the 
velocity of light (c)) E’—p’c?=m'c". 

If an event contains a m and a K 
meson of opposite charge their 
energies and momenta are added and 
the “effective mass” of the pair is cal- 
culated. The event is next treated as if 
no other measurements were available 
(very few events are complete) and the 
energy and momentum of the “missing” 
system containing all other particles 
produced is found by subtraction from 
the values given by the storage ring 
parameters for the annihilation as a 
whole The mass of the system recoiling 
against the pair, known loosely as the 
“missing mass”, is now calculated from 
the mass-energy relation. The analysis 
is repeated for any other possible 
(x= KF) pairing. 

“Effective” and “missing? mass 
histograms are built up with results 
from many thousands of individual an- 
nihilations. In most cases there is no 
relationship between the paired par- 
ticles. Such random pairings give the 
histograms a smooth shape on which 
are superimposed peaks at distinct 
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masses corresponding to correct pair- 
ings of the decay products of real par- 
ticles. 

The SPEAR effective mass histo- 
gram shows an unmistakable peak at a 
mass of 1.86GeV/c’. If the missing 
mass histogram is restricted to events 
with a m-K effective mass of this value, 
a strong signal is seen which more 
recent data show to be two peaks with 
“missing masses” of 2.02 and 2.15 
GeV/c’. No decay modes have as yet 
been reported for these heavy recoils. 
The widths of the peaks are unusually 
small for particles with such large 
masses but the experimental resolution 
is not fine enough to class them apart 
on the grounds of width alone. The 
data strongly suggest but do not yet 
prove that all non-random w-K pairs 
with a mass of 1.86GeV/c’ are pro- 
duced in association with recoils in the 
high mass peaks, Similar features are 
found in the analysis of (K+ n+ nF nF) 
systems. 

It is very hard indeed to!.explain 
these observations in terms of “just” 
three more ordinary particles. Besides, 
were they so they should have been 
seen in many experiments at proton 
accelerators The associated production 
of charmed particles is the only natural 
explanation. 

Progress in the spectroscopy of 
charmed particles should be rapid now 
that three masses and two decay modes 
have been identified. They can be used 
as tracers to help identify the cascade 
decays of heavier charmed particles 
which should contain them. If these 
particles are the same as those seen 
decaying with thgé emission of positrons 
in the neutrino experiments (News and 
Views, loc. cit.), events not containing 
positrons should have (K7r) pairs and 
(Krr) systems at this mass in rela- 
tive amounts predictable from the 
SPEAR data. And so on. 

The large and extraordinarily pro- 
ductive group working at SPEAR will 
continue their experiments. If they go 
on at the present rate the new particles 
will soon outnumber the experimenters. 
Further results from the SPEAR group 
were presented at the recent Tbilisi 
conference a report of which will be 
appearing in a forthcoming issue. 


Quasi-superheavy 
nuclei 


from P E. Hodgson 


THE recent discovery of superheavy 
nuclei in monazite, a mineral from 
Madagascar (News and Views, 261, 
627; 1976; Phys. Rev Lett., 37, 11; 
1976) will stimulate further interest 
in the transient quasi-superheavy nuclei 


that are formed briefly during collisions 
of heavy ions. 

In such collisions, the heavy ions 
remain near each other for a short 
time that depends on their relative 
velocity. Two lead nuclei, for example, 
one stationary and the other moving 
with 10MeV per nucleon remain 
within two nuclear diameters of each 
other for about 3X107” s. Since this 
separation is far smaller than the radius 
of the innermost electron orbit there is 
no difference, from the point of view of 
the electrons, between two colliding 
lead nuclei and the single nucleus that 
would be formed by their fusion. 

The electrons in the colliding ions 
are in the orbits appropriate to lead, 
and when the two nuclei collide the 
two electron clouds are in violent inter- 
action. If now the nuclear interaction 
time is long enough these electron 
clouds can rearrange themselves in the 
configuration corresponding to the 
electron orbits of the combined super- 
heavy nucleus. This system of two col- 
diding nuclei and the electron cloud of 
the combined nucleus is called a quasi- 
superheavy nucleus. 

The likelihood of formation of such 
nuclei-depends on a delicate balance of 
interaction and rearrangement times, 
so that they can only exist, if at all, for 
a limited range of relative velocity of 
the colliding ions. If this velocity is too 
low, the nuclei will not be able suffi- 
ciently to overcome their mutual 
electrostatic repulsion to appear to 
their electrons as a,single entity. If on 
the other hand: the velocity is too 
high, they will not remain in close 
contact long enough for the electrons 
to , rearrange themselves into the 
electronic configuration of the com- 
bined system. 

Calculations have been made of these 
limiting velocities, and it is found that 
the ratio of the upper to the lower velo- 
city is about 013, independent of the 
atomic number or the electron shell. 
Thus for all electron shells there is a 
range of velocities for which the system 
can be considered a quasi-atom The 
ontimum distance of closest approach 
which corresponds to the greatest life- 
time of the quasi-atom gives Tinax= 
(n*/Z?)X 107" seconds where n is ‘the 
principal quantum number of the 
electron orbit and Z the nuclear charge. 

One way of showing that a quasi- 
atom has been formed is to detect one 
or more of the characteristic X rays 
due to inner shell transitions and to 
verify that they have the required fre- 
quencies This is the -classical method 
due to Moseley for measuring the 
nuclear charge. For such transitions to 
take place it is first necessary to form 
a vacancy by removing an electron 
from an inner shell. 

This can be done by forming a 
vacancy in the projectile and then 
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transferring it to the combined system. 
Such vacancies can be produced in 
heavy ion collisions mainly by electron 
promotion, in which some of the 
energy of the interaction is changed to 
excitation energy. The vacancy then 
has to live long enough for the X-ray 
transition to take place and since it 
can be destroyed by a collision with 
a nearby atom there is a competition 
between the transition time and the col- 
lision time. The probability of X-ray 
emission thus depends strongly on the 
density of the gas. 

The first experimental evidence for 
quasi-molecular X rays was obtained 
by Saris et al. (Phys. Rev. Lett., 28, 
717; 1972) who bombarded argon- 
saturated silicon targets with 70-600 
keV argon ions. This gave a continuous 
X-ray distribution between the charac- 
teristic-L and K X-ray lines of argon. 
These X rays are attributed to transi- 
tions to the 2 pr level of the molecular 
system. In a later experiment they 
confirmed the density dependence of 
the X rays and compared the results 
from various targets. This work has 
since been extended and confirmed by 
several other groups. 

The X rays from the quasi-super- 
heavy nucleus with Z=132 have been 
found by Mokler et al. (Phys. Rev. 
Lett., 29, 827; 1972). They bombarded 
a gold target with iodine and some of 
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their X-ray spectra are ‘shown in the 
figure. The broad peak at about 8 keV 
is attributed to transitions in the quasi- 
superheavy nucleus. This occurs at the 
expected energy and detailed calcula- 
tions of other possible processes showed 
that none of them could account for 
this peak. Similar results were obtained 
with other targets. f 

It is now possible to make relativistic 
many-electron calculations of the ener- 
gies of the states during the collision 
process and hence to find the energies 
and intensities of the expected X rays 


for different interacting ions as a func- 
tion of energy. The detailed experi- 
mental confirmation of these results 
shows that the phenomenon is essen- 
tially understood. There still remain 
many questions that require further 
study, in particular the possibility of 
other mechanisms contributing to the 
X-ray emission and the angular distri- 
bution of the emitted radiation. A 
review of the present status of this 
work has recently been published by 
Armbruster (Enrico Fermi Summer 
Course, LXii; 1976). O 


Muscle disease at Durango 


from Jeremy Brockes 





The Fifth International Scientific 
Conference sponsored by the Mus- 
cular Dystrophy Association of 
America, entitled Pathogenesis of 
the Human Muscular Dystrophies, 
was held at Tamarron, Durango, 
Colorado from June 21 to 25, 1976. 
The program Coordinator was Dr 
Lewis P. Rowland of the Columbia- 
Presbyterian Medical Center, New 
York. 





Tue human muscular dystrophies are a 
complex of hereditary disorders whose 
underlying mechanisms are completely 
unknown. It was thus appropriate that 
the seventy contributors to the Fifth 
MDA conference considered’ many as- 
pects of normal and abnormal muscle 
biology. In this report, I have concen- 
trated on new information that may be 
of direct relevance for understanding 
or diagnosing these diseases. 

In terms of understanding the mech- 
anism of a muscle disease, the most 
exciting presentations came on the first 
day when recent work on the auto- 
immune basis of myasthenia gravis was 
presented by J. Lindstrom (Salk Insti- 
tute) and D. B. Drachman (Johns 
Hopkins University). It has recently 
been shown in a number of laboratories 
that the serum of myasthenia patients 
contains antibodies that react with ace- 
tylcholine receptor. Drachman showed 
that certain features of the disease can 
be passively transferred to a mouse with 
purified gamma globulin from a patient. 
The mouse exhibits decremental res- 
ponses to nerve stimulation together 
with a decrease in endplate acetyl- 
choline receptors and other character- 
istic features of the myasthenia 
syndrome. These effects are in part 
dependent on the third component of 
complement, as evidenced by the ability 
of cobra venom factor (which depletes 
C3) to abrogate the transferred disease, 
but independent of later components as 





shown by transfer into the C5 deficient 
strain. The effects of antibody were 
further considered by Lindstrom in an 
animal model. When purified electric 
eel receptor is injected into rats, the 
animals mount an immune response 
which leads to the syndrome of Experi- 
mental Autoimmune Myasthenia Gravis 
(EAMG). In the acute phase of this 
disease, approximately 10-15 days after 
injection, cross-reacting antibodies 
attach to junctional receptors in the 
synaptic cleft and attract phagocytic 
cells, mainly macrophages. This leads 
to a partial disjunction of nerve and 
muscle, and further morphological 
abnormalities in the post-synaptic mem- 
brane which were described by A. G. 
Engel (The Mayo Clinic). The acute 
phase is succeeded about two weeks 
later by a chronic reaction in which 
antibody-induced modulation of junc- 
tional receptors leads to failure of 
junctional transmission, progressive 
weakness and (usually) death. The 
reason for the apparent breakdown of 
tolerance to nicotinic acetylcholine 
receptors in the human disease, and 
the source of antigen that drives the 
response, are not known. In view of 
the close connections between myas- 
thenia and the thymus, one candidate 
for the responsible antigen is the thymic 
myoid cell. Drachman reported that 
cultured rodent myoid cells possess ace- 
tylcholine receptors on their surface as 
evidenced by a-bungarotoxin auto- 
radiography and acetylcholine ionto- 
phoresis. 

In contrast to myasthenia, the human 
muscular dystrophies present a con- 
fusing picture. Presentations by T. 
Munsat (University of Southern Cali- 
fornia) and P Becker (University of 
Gottingen) attested to the heterogeneity 
of these disorders, and the problems of 
classifying them. Most of the investi- 
gations on human muscular dystrophy 
were on the Duchenne type, and several 
investigators spoke of the problems of 
obtaining adequate biopsy material. A 
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variety of biochemical, physiological 
and anatomical abnormalities were 
described. While there was some talk of 
an underlying membrane defect, the 
evidence for this is not yet compelling. 
Controversies about the neurogenic or 
myogenic origin of dystrophy continue 
unabated, with disagreements about 
counting motor units and interpreting 
physiological recordings. The interpre- 
tation of transplantation or culture 
experiments in experimental animals 
with muscular dystrophy is complicated 
by possibilities of early inductive 
abnormalities between ectoderm and 
mesoderm (suggested by A. McComas 
(McMaster University)), and the failure 
of dystrophic muscle to retain some of 
its characteristics in culture. 

One approach to muscular dystrophy 
is to regard it as resulting from a basic 
defect expressed in all cells, but of 
particular consequence- for muscle. 
A. D. Roses and S. Appel (Duke Uni- 
versity), reported their studies of 
abnormal phosphorylation of com- 
ponents in or under the erythrocyte 
membrane. When incubated with 
labelled ATP, erythrocytes from pati- 
ents with Duchenne dystrophy show a 
significant increase in spectrin phos- 
phorylation over controls. If the phos- 
phorylated spectrin is analysed by 
isoelectric focusing, a subset revealed 
by this method shows a clear difference 
from controls. While the molecular 
basis of this difference is not yet clear, 
it is not shown by the mothers of 
dystrophics, and therefore presents an 
exciting possibility for prenatal diag- 
nosis. In the case of patients with 
myotonic dystrophy, Appel reported a 
decrease in the phosphorylation of 
erythrocyte band 3, a major transmem- 
brane glycoprotein in human erythro- 
cytes thought to be responsible for ion 
transport. Such erythrocytes also show 
a defect of Ca’*-dependent K efflux in 
certain circumstances, and the defect in 
phosphorylation could be related to 
decreased Ca”* entry or a failure to 
activate the K* conductance. The 
relationship of the erythrocyte abnor- 
malities to those in the muscle cell is 
unclear. In a lucid presentation, R. 
Layzer (University of California, San 
Francisco) pointed out that the same 
hereditary defect, for example in phos- 
phofructokinase isozymes, can have 
quite different consequences in the two 
cell types Nonetheless, the erythrocyte 
work is an encouraging new direction, 
particularly for diagnosis. 

Meanwhile it is possible that less 
direct approaches to therapy may prove 
useful. The importance of the balance 
between rates of protein synthesis and 
degradation was stressed for general 
metabolism by A. L. Goldberg 
(Harvard Medical School), and for the 
regulation of acetylcholine receptor 
levels by D. M. Fambrough (Carnegie 
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Institute). A. Stracher (State University 
of New York) discussed the properties 
of low molecular weight, non-toxic, 
protease inhibitors such as pepstatin 
and presented interesting preliminary 
evidence of their effects in retarding 
degeneration of dystrophic chick muscle 
explants and monolayers The presence 
of segmental necrosis in Duchenne 
muscle fibres was stressed by several 
speakers, and J. Desmedt (University of 
Brussels) presented physiological evi- 
dence for collateral reinnervation of 
the resulting aneural segments. It might 
be -possible to promote controlled 
regeneration in dystrophic muscle, with 
recovery of function after reinnerva- 
tion. 

While there are new diagnostic possi- 
bilities, the basic defects in dystrophic 
muscle remain as elusive as those in 
cancer cells. Nonetheless, the progress 
in myasthenia illustrates how advances 
in basic research can quickly be impor- 
tant in a clinical context. Thus the 
breadth of the MDA’s support, and 
their personal involvement as exempli- 
fied in an address by Jerry Lewis, the 
National Chairman, offer cause for 
hope. o 


Protein folding 
experiments: do 
proteins cheat? 


from Barry Robson 


THOSE fundamental components of 
biological machinery, the proteins, are 
synthesised by the ribosomes of living 
cells as linear polymers of twenty dif- 
ferent kinds of amino acid. Investi- 
gators who seek to explain, and even 
predict, the functional three-dimen- 
sional structures of protein molecules 
on the basis of their amino acid 
sequences alone are often criticised for 
neglecting the presence of the ribo- 
some and other biological structures 
when the protein folds up. Their 
defence has been that proteins can be 
unfolded by certain solvents so that a 
fully unfolded, flexible and random 
structure is attained, and then refolded 
without the aid of the ribosome or any- 
thing more complex than water, salts, 
and a healthy temperature and pH. 
Proving experimentally that the amino 
acid sequence carries all the informa- 
tion for the three-dimensional bio- 
logical structure is rather like examin- 
ing a student, however, for in order to 
prove that the student knows his stuff 
it is important to ensure that he can 
think out the problem ‘set to him with- 
out taking any written record into the 


examination room. The experiments of 
Garel, Nall, and Baldwin (Proc. natn. 
Acad. Sci. U.S.A., 73, 1853; 1976) raise 
the possibility that some protein 
molecules at least may cheat because 
they cannot be fully unfolded but 
retain some elements of their original 
three-dimensional structure before 
refolding. 

Baldwin’s group unfolded the protein 
ribonuclease A in aqueous solutions of 
guanidine hydrochloride or urea, and 
carefully analysed the kinetics of re- 
folding when the guanidine hydro- 
chloride or urea was diluted out. They 
conclude that the unfolded protein is 
an equilibrium mixture of two species, 
one which slowly refolds to the bio- 
logically functional, compact state and 
one which refolds to the same state but 
450 times more rapidly. The protein 
was described as fully unfolded on the 
basis of difference spectroscopy tech- 
niques, which measure the exposure of 
aromatic amino acid residues to the 
solvent. Although there is another in- 
stance of complete unfolding in terms 
of solvent exposure, but not in terms 
of other criteria (Robson and Pain, 
Biochem. J., 155, 331-334; 1976) the 
fraction of rapidly refolding form 
(about one fifth) is remarkably con- 
stant over a variety of conditions. The 
report of Baldwin’s group is thus a 
cautionary, tale: proteins may some- 
times cheat becaùse of the invigilance, 
perhaps unavoidable, of the investi- 
gators. Although four-fifths of the 
unfolded ribonuclease A molecules 
presumably do not cheat and eventually 


‘also reach the correctly folded state, 


apparently by initial conversion to the 
rapidly re-folding form (Hagerman and 
Baldwin, Biochemistry, 15, 1462-1473; 
1976), it is possible that there are many 
proteins with an even more stable rapid 
refolding form which constitutes a 
very much larger fraction of the un- 
folded population. Such proteins would 
have no option but to cheat, unless 
some more thorough method or com- 
bination of methods of denaturation 
were used. 

Experiments on other apparently 
completely unfolded proteins have fre- 
quently demonstrated complex refold- 
ing kinetics, but have not necessarily 
implied the presence of a stable un- 
folded and fast refolding form. The 
relatively unstable intermediates de- 
tected in this way are generally be- 
lieved to represent partly ordered 
structures initiating a direct and 
readily traversable route to the folded 
state, and so guide the folding process. 
Such guidance or “‘nucleation” is in 
fact theoretically necessary in order to 
account for the rapidity of folding pro- 
cesses which are many orders of mag- 
nitude faster than would be predicted 
from a purely random search of all 
possible polymer configurations. The 
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question therefore arises as to whether 
the fast folding species of ribonuclease 
A is a partly ordered nucleating struc- 
ture in the usual sense, which just 
happens to have a high degree of 
stability. 

The authors note, however, that 
there is an alternative hypothesis based 
on the proposal of Brandts, Halvorson, 
and Brennan (Biochemistry, 14, 4953- 
4963; 1975) that the amino acid 
residue proline may undergo cis-trans 
interconversion in the unfolded form 
of a protein. The fast refolding species 
could therefore represent forms in 
which all proline residues are in the 
correct configuration as found in the 
correctly folded protein. Although 
purists might argue that such a form 
would be a “nucleating structure” in 
the most general sense, the term usually 
refers to rapidly formed chain struc- 
tures in which at least several amino 
acid residues have a fairly specific posi- 
sion in space relative to one another. 
Tt would therefore be rather unfair to 
accuse the protein molecule of cheat- 
ing if the only structure it retained 
were the correct configuration of the 
proline groups. 

Even the most detailed test-tube 
experiments on the configurational 
statistics of unfolded proteins may not 
be able to rule out the possibility of 
small elements of local structure im- 
portant to the refolding process. Per- 
haps the real proof that proteins carry 
all the information for their own 
folding resides in computer simulations 
in which the investigator has full 
control over the initial conformation 
of the protein molecule. Oo 


NASA Goddard 

gamma-ray 

symposium 

from F. W. Stecker and C. E. Fichtel 
An international symposium on The 


Structure and Content of the Galaxy 
and Galactic Gamma Rays was held 


at NASA Goddard Space Flight 
Center in Greenbelt, Maryland on 
June 2-4, 1976. 





Tue emphasis of the conference was 
placed on the relationship of ‘y-ray 
astrophysics to other fields of galactic 
astronomy. 

D. Thompson and R. Hartman 
(Goddard Space Flight Center) pre- 
sented the results from the Second 
Small Astronomy Satellite, SAS-2. 
Evidence for pulsed y radiation from 
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four radio pulsars, PSR 0531+21, PSR 
0833-45, PSR 1818-04 and PSR 1747-46 
was reported. Only one radio pulsar has 
been seen at optical and X-ray wave- 
lengths. In addition, several general 
features in the y-ray data were cor- 
related with galactic structural features. 
The y rays seen by SAS-2 from the dir- 
ection of Cygnus were determined to 
have a periodicity of 4.8 h, matching 
the frequency and phase of the X-ray 
source Cygnus X-3. 

A description of the COS-B satellite 
y-ray detector was given by B. Swanen- 
burg (Huygens Laboratorium). Preli- 
minary results were presented by J. 
Paul (Saclay), H. Mayer-Hasselwander 
(Max-Planck Institute, Garching) and 
R. Buccheri (University of: Palermo). 
These results included confirmation of 
a strong y-ray source near galactic co- 
ordinates 195°, + 5°, and an indication 
of a change in the intensity of the Vela 
source since the time of the SAS-2 
observations. The temporal analysis of 
PSR 0833-45 indicated that the y- ray 
pulses were quite narrow. 

G. Share (US Naval Research Labo- 
ratory) noted that the galactic y-ray 
energy spectrum below 30 MeV showed 
the predicted steep shape characteristic 
of bremsstrahlung radiation. J, Grind- 
lay (Center for Astrophysics, Cam- 
bridge, Massachusetts) noted ‘that 
there are now’ two known sources 
emitting y rays at energies: > 10” eV. 

P. Sturrock (Stanford University) 
suggested that a cascade process result- 
ing from electron—positron pair 
creation in the pulsar magnetic field 
may be the cause of the pulsed y'radia- 
tion. H. Ogelman (Middle East Univer- 
sity, Ankara) pointed out that pulsars 
radiate predominantly in the 1-1,000 
MeV range. W. B. Burton (National 
Radio Astronomy Observatory) and N. 
Scoville (University of Massachusetts), 
both presented new observations of the 
26mm CO emission line which indi- 
cated that molecular clouds in the 
Galaxy (mostly Hə») are concentrated 
between galactic radii of 4 and 8 kpc 
in contrast to the atomic hydrogen, 
which is relatively uniform in distribu- 
tion at radii from 4 to 14kpc. The 
measurements also show that Hz clouds 
are more tightly confined to the galactic 
plane than atomic hydrogen gas. E 
Jenkins (Princeton University) noted 
that ultraviolet measurements of the 
molecular hydrogen in the local region 
of the galaxy give a value of the den- 
sity a factor of four lower than that 
implied from the CO observations for 
a galactic radius of 10 kpc, although 
the results are not necessarily in con- 
flict owing to selection effects. 

W. Roberts (University of Virginia) 
discused the spiral density wave theory 
of galactic structure and stated that 
the apparently striking separation of 


atomic and molecular hydrogen could 
be the result of stronger compression 
of gas in the inner galaxy, and an in- 
crease of the frequency at which the 
interstellar gas is. periodically com- 
pressed. 

J Baldwin (Cavendish Laboratory, 
Cambridge) noted that the non-thermal 
galactic radiation implies a much 
broader distribution of the cosmic ray 
electrons than of matter in the glalaxy. 
This has been found also to be the 
case in other spiral galaxies. J. Seira- 
dakis (Max-Planck-Institut, Bonn) 
showed that, within the present limited 
statištics, the radial distribution of pul- 
sars is generally correlated with that 
of other young (Population I) galactic 
objects. Both G. Fazio (Center for 
Astrophysics) and J. L.'Puget (Obser- 
vatory Meudon) discussed the signifi- 
cance of the local molecular hydrogen 
clouds in terms of infrared’ and y-ray 
emissions. Puget concluded that ‘the 


y-ray observations indicate that the- 


cosmic ray densities inside and outside 
clouds are similar. 

R. Lingenfelter (University of Cali- 
fornia, Los Angeles) discussed the 
y-ray lines emitted by the excited nuclei 
produced by interactions of cosmic rays 
with interstellar matter. He ‘predicted 
that the 4.4 MeV carbon line would be 
the most intense. D. Arnett-(University 
of Illinois) described the possibility of 
studying’ the results of nucleosynthesis 
in supernovae by examining the y-ray 
lines emitted by the end products, and 
noted that the time interval after the 
explosion ‘before the supernova enve- 
lope becomes transparent to y rays was 
much longer than had been estimated 
earlier. y 

E. Parker (University of Chicago) 
gave a comprehensive lecture on cosmic 
ray propagation and galactic contain- 
ment, in'which he noted that the cosmic 
rays, the magnetic field, and the 


interstellar gas strongly affect each, 


other ‘dynamically. He concluded that 
if cosmic rays leave the galaxy, it must 
be as a consequence of collective cos- 
mic-ray pressure. 

The part that y-ray astronomy can 
play in determining the large-scale 
galactic structure was then discussed. 
D Kniffen (Goddard) emphasised that 


_ the cosmic ray electrons and protons 


can be studied independently by looking 
at different portions of the y-ray spec- 
trum, and that y-ray observations 
should be particularly valuable in 
searching for spiral structure. F. 
Stecker (Goddard) showed that galactic 
y-ray emission is correlated with the 
molecular cloud distribution ın the 
galaxy and that the deduced cosmic 
ray distribution appears to foflow the 
supernova remnant and pulsar distri- 
butions in the galaxy, favouring a 
galactic supernova origin for most 


i Nature Vol. 262 August 5 1976 


cosmic rays. He also discussed y-ray 
implications for cosmic ray propaga- 
tion and the galactic contribution to 
the high latitude y-ray background. 
After almost two decades of 
strenuous effort developing instruments 
of sufficient sophistication and sensi- 
tivity, there have been significant 
advancements in y-ray astronomy in 
the past few years Not only has the 
general level of the galactic radiation 
been established, but also its broad 
features. With improved angular reso- 
lution and much greater sensitivity, 
y-ray astronomy together with astro- 
nomy at other wavelengths hold great 
promise: for the study of our Galaxy, 
other galaxies and high energy pro- 
cessess in astronomical Goicoa; o 





A hundred years ago 

A FALL of meteorites, we learn from 
Aftonblad, took place on June 28, be- 
tween 11 and 12 a.m., near Stalldalen, 
a station on the Swedish Central Rail- 


way, in the northernmost part of 
Örebrolän. Several fell, some on the 
ground and others in a lake. Two were 
found, one about the size of the fist 
and weighing 44 lbs., the other smaller. 
Eye-witnesses stated that a loud 
whistling was first heard in the air from 
west to east, and a light was plainly 
distinguishable; although the sky was 
clear and cloudless, theaseafter two very 
sharp reports were heard, the second 
succeeding the first after a momentary 
interval, followed by several others less 
sharp, resembling thunder, after which 
the falling stones were observed by 
eight or ten persons; and finally, there 
was seen in the air a whirling smoke, 
not very high up, A meteor was 
observed simultaneously at Stockholm 
and at other places. At thirteen English 
miles south-west of Linkoping it was 
seen first in a north-westerly direction 
pretty high up in the sky, and it then 
sank down in about ten seconds towards 
the horizon in the west. It had the 
appearance of a large pear a foot long, 
which, notwithstanding the bright sun- 
shine, left behind a clear shining streak 
of six or eight feet in apparent length, 
which finally broke up into a multitude 
of ‘starlike sparks. Here no noise was 
heard. According to a communication 
from the Stockholm Meteorological 
Bureau, there is reason to believe that 
the phenomena arose from the “kul 
blixt” (foudre globulaire), which gener- 
ally appears as a luminous round object, 
and often, on approaching the ground, 
assumes a lengthened form and a 
blinding white colour, and bursts 
asunder, commonly with a loud report. 
from Nature, 14, August 3, 300; 1876. 
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review article 








Fundamental research in molecular biology: 


relevance to medicine’ 
M. F. Perutz 





Molecular biology has given us new insights into many phenomena of clinical importance; it has 
suggested new therapeutic approaches to several diseases and has provided sensitive new methods for 
detecting chemical carcinogens. None of these applications had been foreseen. 





MoLecuLaR biology is sometimes said to be of little medical 
significance because it has not cured anyone yet. A hundred 
years ago the same might have been said of histology At 
that time cellular anatomy and pathology began to improve 
our understanding of many diseases, today molecular ana- 
tomy and pathology give us much deeper insights. I shall 
illustrate this theme by examples taken from four different 
fields of research. The first two are from the fields with 
which I am most familiar, the structure and function of 
proteins; the second two are from molecular genetics. I 
shall show first how research on the structure of protein- 
digesting enzymes has led to an understanding of blood 
clotting and other important functions whose relationship 
to digestion no one had suspected. I shall then relate how 
my own work on the structure of haemoglobin has improved 
our understanding of genetic diseases and how basic research 
on autoxidation of haemoglobin has suggested a way of 
treating certain ynherited anaemias My next two themes 
are concerned with the effects of ultraviolet light and 
chemical carcinogens on nucleic acids and their relationship 
to human cancer. Finally, I shall ask whether any of this 
research could have been planned from the outset with a 
view to its medical applications. 


Proteolytic enzymes and their inhibitors 


In the 1950s the structure and catalytic mechanism of 
enzymes still ranked as one of the great unsolved problems 
in biochemistry. At that time two of my colleagues, B S. 
Hartley and D. M Blow, became interested in the proteoly- 
tic enzyme chymotrypsin, simply because they regarded it 
as the most hopeful and interesting one to attack. This 
enzyme is closely related to two other pancreatic pro- 
teolytic enzymes, trypsin and elastase. Chymotrypsin splits 
fastest those peptide bonds that follow amino acids with 
aromatic side chains, while trypsin goes for peptide bonds 
that follow basic side chains, and elastase for those with 
very short side chains All three enzymes are secreted into 
the jejunum in the form of inactive precursors, known as 
chymotrypsinogen, trypsinogen and proelastase, all three 
precursors are activated by trypsin. 





*This paper ıs an abbreviated version of a paper presented at Ciba 
Foundation Symposium 44, Reseach and Medical Practice, held in 
January 1976 under the chairmanship of Sir Douglas Black and to 
be published by Elsevier/Excerpta Medica/North-Holland, Amster- 
dam, 1n summer 1976. 

tMRC Laboratory of Molecular Biology, Hills Road, Cambridge 
CB2 2QH. 





The pancreas also makes a small protein which scavenges 
and inhibits any traces of free activated trypsin This is the 
pancreatic trypsin inhibitor. 

Hartley and his colleagues determined the amino acid 
sequence of chymotrypsin and chymotrypsinogen' while 
Blow and others solved the three-dimensional structure of 
chymotrypsin by X-ray analysis’. Other workers followed 
with the structure of chymotrypsinogen, of trypsin, of 
elastase, of the trypsin inhibitor and of the trypsin—trypsin 
inhibitor complex. Together, Blow, Hartley and their 
colleagues worked cut the mechanism of activation and 
catalysis’, and R. Huber and Blow that of inhibition‘. 

Chymotrypsin consists of 242 amino acid residues in 
three separate chains, which are linked by disulphide bonds. 
Its active site contains a serine, a histidine and an aspartate 
juxtaposed so that protons can shuttle backwards and for- 
wards between them, forming what Hartley and Blow called 
a charge relay system. 

The substrate is recognised by a pocket that lies next to 
the active site and is so tailored that it attracts the side 
chain of the amino acid preceding the peptide bond to be 
split. In the inactive precursor that specificity pocket is 
closed Trypsin activates the precursors by splitting their 
chains in a way that allows the pocket to open The pancre- 
atic trypsin inhibitor mimics a substrate by presenting to 
the enzyme a side chain which its specificity pocket recog- 
nises, but the peptide bond following that side chain 
is so shielded from water that the enzyme ‘cannot split it 
Instead, the inhibitor remains firmly attached to the enzyme 
in a position resembling the one fleetingly occupied by a 
substrate at the first intermediate stage of catalysis’. 

The mechanisms of activation, recognition and catalysis 
of chymotrypsin first became known in outline in 1969, and 
the way. in which the pancreatic trypsin inhibitor blocks 
trypsin in 1972; some further important details have been 
added since. Whenever nature has invented an effective and 
versatile device, it tends to exploit it over and over again 
for different functions. The same mechanisms of activation, 
recognition, catalysis and inhibition have now been found 
in at least four other functions: the clotting of blood, the 
dissolution of blood clots, the disposal of complexes of 
antigen and antibody by complement, and the lowering 
of blcod pressure by the release of- kinins . The raising of 
blood pressure by the release of angiotensins is also due to 
a proteolytic enzyme known as renin, but this is an acid 
proteinase related to pepsin, and its structure is still un- 
known The interplay of protein digesting enzymes and their 
inhibitors seems to be important also in degenerative 
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diseases such as pulmonary emphysema and rheumatoid 
arthritis. ` 

Suitable stimuli to blood platelets set off a chain reaction 
which causes blood to clot with very high velocity. This is 
due to a cascade of proteolytic enzymes and auxiliary pro- 
teins whose purpose it is to activate thrombin and liberate 
it from the platelets into the plasma (Fig. 1). It is now 
certain that part of the thrombin molecule has a structure 
which is almost identical to that of trypsin; in the clotting 
factors XIa, IXa and Xa, the parts of the sequences that 
have so far been analysed, are also like those of trypsin. 
The precursor of each of these enzymes is activated by the 
preceding enzyme in the clotting cascade by the same kind 
of mechanism by which trypsin opens the specificity pocket 
in trypsinogen or chymotrypsinogen, and each possesses the 
same charge relay system for the hydrolysis of peptide 
bonds. The functioning of the cascade depends on the 
presence of calcium ions and on nutrition with adequate 
amounts of vitamin K. 
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Fig. 1 Cascade of intrinsic clotting factors. Those marked + 
are enzymes similar to trypsin (reproduced, with permission, 
from the article by: Davie and Kirby‘). 


The clotting factors possess several refinements which 
the pancreatic enzymes lack. Their specificities are prob- 
ably greater and they are activated not in free solution, 
where they would be too widely dispersed, but on the sur- 
face of phospholipid membranes of blood platelets where 
they are crowded together.’ Prothrombin, the precursor of 
thrombin, has an extra 274 amino acids which are not found 
in trypsinogen, forming an attachment which binds it to 
the membrane, but only in the presence of calcium ions. 
On activation by factor Xa this attachment is split off and 
thrombin is'released into the plasma. A great advance has 
recently been made in our understanding of the role of 
calcium and its dependence on vitamin K. It has been found 
that calcium ions are bound to prothrombin by 10 residues 
of a new amino acid, y-carboxyglutamate; the residues lie 
near the amino terminus of the chain The new amino acid 
is made after the polypeptide chain of prothrombin has 
been assembled in the liver, by an enzyme system that adds 
a second carboxyl group to each of the first ten glutamates; 
and this subsidiary enzyme system that adds carboxyl 
groups requires vitamin K as a cofactor. In the clotting 
cascade, the other three trypsin-like factors or enzymes 
also require calcium in order to be activated, which im- 
plies that they are subject to the same vitamin K dependent 
modifications as prothrombin These discoveries explain how 
vitamin K antagonists interfere with blood clotting: by 
reducing the calcium affinity of prothrombin and of three 
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other clotting factors they prevent their binding to the phos- 
pholipid membrane and thereby inhibit their activation’. 

The therapeutic uses of vitamin K antagonists were dis- 
covered long before its mode of action was understood, but 
the new discoveries will allow the antagonists to be applied 
more rationally and with greater knowledge of their pos- 
sible side effects. For example, the presence of the new 
amino acid y-carboxyglutamate in prothrombin suggested 
that it might be worth while to search for it in other cal- 
cium binding proteins. This search has led to the isolation 
of the amino acid from a protein in the bones of 14-week- 
old chicken, which suggests that it may be needed for the 
deposition of calcium in developing bones*, and explains 
why treatment of women during the first 3 months of preg- 
nancy with anticoagulants of the dicoumarol type has led 
to bone anomalies in the foetus Quite recently, y-carboxy- 
glutamate has also been found in a small protein isolated 
from adult bones of several species, including humans. The 
amino acid forms part of a peptide whose sequence bears 
no resemblance to that of the N-terminal peptide of pro- 
thrombin, showing that it is part of a quite different protein 
specific to bone, and indicating that vitamin K is essential 
for the formation and maintenance of bone structure”. 

There are at least two natural anticoagulants which pre- 
vent clotting getting out of hand. An excess of free throm- 
bin in the plasma stops activation of more prothrombin by 
splitting off its first 156 residues, thus detaching it from 
the phospholipid membrane before it can be activated A 
plasma inhibitor, AIII antithrombin, inhibits thrombin and 
other clotting factors by a mechanism apparently similar 
to that by which the pancreatic inhibitor blocks trypsin, 
except that by itself AIII antithrombin acts much more 
slowly. It has recently been found that heparin exerts its 
instant anticlotting effect by accelerating the reaction of 
AIII antithrombin with thrombin and with other factors. 
Patients with a congenital deficiency of AIII antithrombin 
have an increased tendency to thrombosis’, which shows that 
this inhibitor is an essential part of the checks and balances 
in the clotting system. 

ATTI antithrombin is one of six different antiproteinases 
so far discovered in human plasma. Another of the six that 
has recently assumed medical importance,is a-antitrypsin, 
because people with an inherited deficiency of this inhibitor 
are predisposed to pulmonary emphysema. The mechanism 
of lung destruction in these patients is still unclear but is 
believed to be due to digesting enzymes from granulocytes 
and macrophages. These may cause emphysema even in 
people with normal levels of a)-antitrypsin if they are re- 
leased in excess by chronic lung irritation. It now looks as 
if pulmonary emphysema may be only one example, of a 
degenerative disease where protein-digesting enzymes have 
a decisive role. For example, one such enzyme, though of 
a type different from trypsin, has been found in the joints 
of rheumatoid arthritis patients. Knowledge of the three- 
dimensional structure of these enzymes may open the way 
to the synthesis of tailor-made inhibitors for the treatment 
of such diseases. 


Haemoglobin diseases 


In 1949 Pauling, Itano, Singer and Wells published a paper 
entitled “Sickle Cell Anaemia, a Molecular Disease’’’. 
They showed that homozygotes suffering from this auto- 
somal recessive disease had a haemoglobin which differed 
from the normal by the absence of two negative charges. 
Ingram later discovered that this was due to the replace- 
ment of a single amino acid residue among the 287 in the 
half molecule of haemoglobin; one glutamate was replaced 
by a valine. (Recently the same replacement of a single 
glutamic acid by a valine has been found in a variant 
human q-antitrypsin(S). The replacement is harmless in 
heterozygotes (SM) carrying both the normal (M) and the 
variant (S) gene, but it may predispose SS homozygotes to 
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pulmonary emphysema™.) This was the first time that a 
genetic mutation was shown to cause the replacement of 
an amino acid in a protein. A search for other haemoglobin 
diseases soon followed, and now more than 200 different 
abnormal haemoglobins are. known, which give rise to a 
variety of haematological disorders whose cause had been 
unrecognised before, these may affect both the synthesis 
and life span of red blood cells. 

The dual respiratory function of haemoglobin depends 
on a reversible change of structure. The venous form of 
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Fig. 2 Histograms showing numbers of silver grains prodisced: 
by the disintegration of °H labels after ultraviolet irradiation in 
nuclei of normal skin fibroblasts (left) and fibroblasts from a 
xeroderma pigmentosum patient (right) HNSF3: normal skin 
fibroblasts. XPIOOS(A): xeroderma pigmentosa cells group A. 
HVJ: ultraviolet inactivated Sendai virus. ENase: endonuclease 
from T4 infected E. coli. (Reproduced, with permission, from 
Tanaka et al.?4.) 


haemoglobin has a low affinity for oxygen and a high one - 


for hydrogen .ions, CO. and 2,3-diphosphoglycerate; in, the 
arterial form these relative affinities are reversed Efficient 
respiratory transport depends on correct regulation of the 
equilibrium between the two forms. My colleagues and I 
have determined their three-dimensional structure in atomic 
detai". H. Lehmann and I then attempted to interpret 
the clinical symptoms of the haemoglobin diseases in 
stereochemical terms‘. In most of them the abnormality 
consists of the. replacement of a single amino acid residue, 
as it does in sickle cell anaemia, but the position of that 
residue is crucial in deciding the nature of the symptoms. 


If the residue lies on the surface, as often happens, there: 


may not be any symptoms, at least in heterozygotes, because 
the haemoglobin molecule hardly ‘‘feels” the wrong residue. 
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In homozygotes, on the other hand, superficial replacements 
may reduce the solubility of the haemoglobin in the red 
cell This‘happens in sickle cell anaemia where the venous 
form of haemoglobin actually crystallises out. Prevention of 
this crystallisation would relieve the disease, but has proved 
very difficult The structure of the areas of contact between 
neighbouring molecules of sickle cell haemoglobin is now 
being worked out in atomic detail and may form the basis 
for a synthetic approach to the inhibition of crystallisation 

The surface of the haemoglobin molecule is studded with 
electrically charged amino acid side chains which ensure its 
high solubility in water. Its interior structure, on the 
other hand, is stabilised by hydrocarbon side chains which 
make it impenetrable to water. In several abnormal haemo- 
globins this water-repellent armour is breached, so that 
they become unstable and form amorphous precipitates in 
the red cell known as Heinz bodies. Similar denatured pre- 
cipitates are seen in thalassaemia where the red cells con- 
tain unequal numbers of @ and 8 chains. The precipitates 
make the red cells more rigid and therefore more fragile, 
and this was believed to be the main cause of the associated 
haemolytic anaemias Denaturation of haemoglobin is also 
accompanied by oxidation of the haem iron from its normal 
ferrous to the ferric state. It has now been found that it is 
this oxidation rather than the presence of denatured haemo- 
globin precipitates which mainly causes haemolysis. The 
mechanism is this. In the first step of the reaction the iron- 
bound oxygen molecule is reduced to superoxide ion which 
may then dissociate from the haem and produce hydrogen 
peroxide ion, hydroxyl radicals and singlet oxygen in the 
surrounding water". These are all oxidising agents, hydroxyl 
radical being the most powerful among them, and they 
attack the lipids of the cell membrane with resulting haemo- 
lysis. The obvious remedy is the administration of drugs 


‘designed to trap free radicals such as vitamin E or 2,3- 


dihydrobenzoic acid. These are now under trial®™. In 
the long term practical results- of much wider importance 
should result from, the study of the abnormal haemo- 
globins. In the first place they have shown that the 
genetic code in humans is the same as in E. coli, which 
is a prerequisite for relieving congenital diseases by 
any kind of genetic engineering. They have proved 
that human genes are subject to a fairly high rate 
of mutation (the frequency of abnormal haemoglobins 
in the human population may be greater than 1 in 
500), but that these mutations may be harmless if they 
merely replace residues at the surface of enzymes away 
from their active sites Interior replacements on the other 
hand, may affect the function and stability of enzymes. In 
favourable circumstances knowledge of their three-dimen- 
sional structure may allow us to mitigate such effects. 

I started to study haemoglobin by X-ray crystallography 
in 1937 because at that time the structure of proteins 
seemed the most important unsolved problem in bio- 


- chemistry, but I never dreamt that its solution would one 


day throw light on the nature of inherited diseases. 


Xeroderma pigmentosum 


The mutations’ which' give rise to the abnormal haemoglo- 
bins occur spontaneously, perhaps by random errors in- 
herent in the genetic process. It had long been known that 
the rate of mutation can be enhanced by external factors 
such as radiation and certain chemicals. It had also been 
suspected.that some of the same factors which produce 
mutations give rise to cancer, but no exact correlation had 
been shown. i. 

Ultraviolet light damages DNA by causing two pyrimidine 
bases, usually, but not always, on the same strand, to 
become covalently linked. In ultraviolet-sensitive bacteria 
this linkage inhibits DNA replication and thereby stops 
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further growth. But there are strains of the same bacteria histidine is scarce and switching it off when it is plentiful. 


which are resistant to ultraviolet and it turns out that these Certain mutant strains of Salmonella cannot grow unless 
possess an enzyme system which excises the dimers and histidine is supplied in the medium; this has turned out to 
repairs the gap, thus allowing growth to start again. Now be due to mutations in the histidine genes Ames selected 


it appears that normal human skin cells have an enzyme four such strains. In one of them the DNA differs from that 
system for the repair of ultraviolet damage similar to that of the wild type by the replacement of a GC by an AT 


of ultraviolet resistant bacteria. There is a rare autosomal pair, or vice versa. In the remaining three strains the DNA 
recessive human disease in which the skin is extremely sen- carried mutations of a kind first correctly interpreted by 
sitive to ultraviolet light; it is called xeroderma pigmento- Crick, Barnett, Brenner and Watts-Tobin when they 
sum. Sufferers from this disease—the homozygotes—are established the nature of the genetic code” Decoding of 
also very liable to skin cancer. In 1969 J. E. Cleaver dis- the sequence of nucleotide bases makes sense only if the 
covered that fibroblasts from such patients lack an enzyme reading frame is positioned correctly with respect to the 
necessary for the repair of ultraviolet- damaged DNA”. succession of coding triplets. Certain mutagens such as 
Investigators later found that there are six geneticaly dis- proflavine intercalate between the base pairs of DNA and 
tinct types of enzymatic deficiency, that is six complementa- thereby interfere with its replication so that base pairs are 
tion groups, five of which are deficient in DNA repair and either added or deleted, and the reading frame is thus 
the sixth in another as yet unknown function”; Japanese shifted. 

workers have now shown that ultraviolet resistance can Three of the four strains of Salmonella used by Ames 


—————— eee ee eee 
Table 1 Correlation between carcinogenic and mutagenic activity of chemicals 








car + „car Ô car + car 0 

mut + ”' muto mut 0 mut + ? correlation (%) 
Aromatic amines and so on 21 9 2 — 12 94 
Fungal toxins and antibiotics 8 2 — 2 2 83 
Esters, epoxides, carbamates and so on 14 6 4 2 2 77 
Nitro aromatics and heterocycles 26 i — 3 2 90 
Miscellaneous heterocycles 1 7 3 — — 73 
Miscellaneous nitrogen compounds 7 2 2 2 — 69 
Nitrosamınes and so on 20 2 l — — 96 
Polycyclic aromatics 27 7 — 3 1 92 
Miscellaneous aliphatics and aromatics 1 10 4 — 5 73 
Alkyl halides 16 1 3 2 2 77 
Azo dyes and diazo compounds 12 2 — l 2 93 
Cigarette smoke condensate l — — — — 100 
Common biochemicals — 42 — — — 100 
Totals 154 91 19 15 28 88 


14% positive, but 


89% positive, but 
86% negative 


106 non-carcinogens 11% negative 


173 carcinogens 


be restored to all those five types of fibroblasts that are carry mutations of this type in the histidine genes™*. Ames 


deficient in DNA repair by an enzyme which is an endo- plated these histidine-requiring strains of Salmonella on a 
nuclease from T4 phage infected E coli’! (Fig. 2). Their histidine-free nutrient, applied chemical carcinogens and 
results are exciting because they suggest that it may be- waited for the growth of colonies in which a reversion of 
come possible to treat patients with this kind of enzyme, the original mutation had allowed the resumption of 
even if it is not yet clear how it could be applied. Quite histidine biosynthesis. The presence of 10° organisms on 
recently, an altered endonuclease concerned with the repair each plate allowed rare genetic events to be detected. The 
of depurinated sites has been found in fibroblasts from two smallness of the bacterial chromosomes increased the likeli- 
of the complementation groups that were known to be hood of reversions of the original mutation to other 
deficient in DNA repair”. mutations which might be lethal. The time needed for one 


experiment was only 2d. 


Detection of chemical carcinogens Initially only some of the known chemical carcinogens 


Discovery of the cause of xeroderma pigmentosum was caused growth of revertant colonies but Ames and his 
important because it linked the occurrence of a cancer colleagues improved the sensitivity of his system step by 
with a mutagenic event whose nature and repair could be step until he was able to prove a strong correlation between 
explained ın the same molecular terms as ın bacteria. carcinogenicity and reversion. He introduced two additional 
Evidence in favour of a causal link between the frequency mutations: one raises the sensitivity by eliminating the 
of somatic mutation and the incidence of cancer has long repair mechanism already mentioned, that repairs ultra- 
been accumulating, yet many of thé most potent chemical violet and other damage, and the other strips the bacterial 
carcinogens seemed to have no mutagenic -effect in micro- surface of part of its protective lipopolysaccharide layer 
organisms. This paradox was finally resolved by Bruce which makes it more permeable to large molecules. He also 
Ames Ames had devoted nearly 20 years to the study of the increased mutagenesis ın his tester strains by incorporating 
control of protein synthesis in Salmonella typhimurium. His a plasmid”® which appears to channel DNA damage down 
work, like that of Hartley and Blow on chymotrypsin and an error-prone repair pathway (SOS repair)*”~*°. 
mine on haemoglobin, was undertaken without any fore- Ames made one more improvement in the system which 
knowledge of possible applications. proved decisive. It had been discovered that in mammals 
The chromosome of Salmonella contains an operon that many compounds are non-carcinogenic as such, but are 
codes for histidine biosynthesis. Transcription of the converted into carcinogens by hydroxylating enzymes in the 
enzymatic genes of this operon into messenger RNA is liver. Ames decided to mimic this conversion by adding rat 
controlled by an operator gene which responds to the level or human liver homogenate together with a system for 


of histidine in the cell, switching transcription on when generating nicotinamide adenine nucleotide diphosphate 
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m- ay, 


to his cultures’ The results show a strong correlation 
between carcinogenesis in mammals and mutagenesis in 
Salmonella’. Ninety per cent (157/175) of the carcinogens 
were mutagenic in the test including almost all of the known 
human carcinogens that were tested. Despite the severe 
limitations inherent in defining non-carcinogenicity, few 
“non-carcinogens” showed any degree of mutagenicity 
(Table 1). The mutagens include tar from cigarette smoke 
and oxidative hair dyes (Fig. 3)°°. Another mutagen is 
chloracetaldehyde, a possible metabolite of dichloroethane 
and of vinylchloride, two chemicals of which several million 
tons are produced in the USA each year. In the first 
instance, all these mutagens probably act by stopping DNA 
replication and thereby inducing the error prone SOS 
repair mechanism. Mutagens which do not do this, such as 
EMS, base analogs and deaminating agents, appear to be 
weakly or not carcinogenic (M. Radman, private communi- 
cation). Study of the SOS repair mechanism would there- 
fore seem a promising approach to the understanding of 
radiation and chemically induced carcinogenesis. 

Ames’ method offers a cheap, quick and sensitive way of 
screening chemicals for mutagenicity. For instance, 1 ng of 
2-aminoanthracene doubled the spontaneous reversion rate 
of about 20 colonies, and 500ng gave 11,000 revertant 
colonies compared with about 30 in the controls. In view of 
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Fig. 3 Dose-response curves of the mutagenicity of chemicals 
extracted from hair dyes. Revertant colonies were counted after 
incubating the Petri plates for 48 ha t 37 °C with the chemical 
mutagen and the microsomal activation system (S9) where 
indicated. (Reproduced, with permission, from Ames er al.**.) 


the correlation between mutagens and carcinogens any 
compound which is a potent mutagen is now suspected also 
of being carcinogenic. Other screening tests in bacteria and 
mammalian cells have been reviewed by Bridges”. 

The first impact of Ames’ work should be to eliminate 
known carcinogens from our food and daily habits so as to 
reduce the number of carcinogenic events to which we are 
being exposed—and, incidentally, to let us stop worrying 
about many other commonly used chemicals which turn out 
to be harmless. In the long run this research and the work 
on xeroderma pigmentosum may help us to unravel the 
exact molecular mechanism by which ultraviolet irradiation 
and chemicals that revert frame shift and other mutations 
cause cancer. 
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What has molecular biology contributed to this work? 
It has supplied the basic concepts of microbial genetics, 
mutagenesis, repair and feed-back control; it has supplied 
the techniques of transferring genetic material from one 
strain of bacteria tc another which Ames used to build up 
the sensitivity of his system. These concepts and techniques 
were developed by scientists who set out to interpret 
fundamental biological processes in physical and chemical 
terms. Generally the problems were so complex that it took 
very many years to solve them. At the outset our ignorance 
was too profound for us to foresee the relationship of our 
work to human disease, and it became apparent only after- 
wards. Although we know more now than when we started, 
molecular biology is still too young a science for it to be 
clear exactly where it will pay off, whence we may do best 
if we spread our efforts over a wide field. Since research is 
the art of the soluble, it is often more profitable to study a 
basic problem in microorganisms where it can be solved, 
rather than in mammalian cells which are so much more 
complex. One of my examples has shown how such an 
indirect approach has helped to unravel pathogenic events in 
man. It would be a mistake if all molecular biologists 
switched to mammalian cells as has recently become the 
fashion, or as they are being forced to do by policy 
decisions of supporting agencies. There is a unity of life at 
the molecular level which implies that anything found to 
be true in E. coli may also hold in man. 

In the future, the most important contribution of 
molecular biology to medical practice may well be genetic 
engineering, but early hopes that eukaryotic genes could 
be transcribed and translated in prokaryotes have not yet 
materialised. Instead, workers may try to see if cultures of 
animal viruses carrying human genes could be used for the 
manufacture of therapeutically important human proteins. 
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Seeing order in ‘amorphous’ materials 


O. L. Krivanek, P. H. Gaskell* & A. Howie 


Cavendish Laboratory, Cambridge, UK 





Careful analysis of high resolution electron micrographs of 
amorphous materials, making use of a simple optical 
simulation technique, provides a means for discriminating 
between ‘meaningful’ and ‘meaningless’ images, and for 
detecting ordered regions as small as 15 A inthe ‘meaning ful’ 
ones. Such regions, comprising only about 100 atoms, have 
been directly observed in ‘amorphous’ carbon, and it is 
possible that they exist in a range of other ‘amorphous’ 
materials, 





THe past decade has witnessed a dramatic improvement in the 
resolving power of high resolution electron microscopes. 
Atomic planes spaced less than 1 A apart have been imaged, 
and heavy single atoms have not only been directly observed?:* 
but their movement between successive exposures followed as 
well*. Routinely attainable point-to-point resolution has come 
down to around 5 A and less. 

The typical nearest-neighbour distances in most solids are 
about 2 A, and many important crystallographic planes have a 
separation of 3 Å and more. The resolving power of electron 
microscopes therefore makes it natural to inquire about the 
possibilities of an atom-by-atom determination of the specimen 
structure. Such an approach should be particularly fruitful in 
the case of amorphous (non-crystalline) materials, since in these 
the conventional structure research based on X-ray, electron 
or neutron diffraction yields only statistical data averaged over 
the whole specimen. It describes the probability that an atom A 
will have a neighbour B a distance r away, but tells us very little 
about the local deviations from the average structure. 

The first step in the direction of structure determination by 
direct imaging is a search for small ordered domains within the 
non-crystalline sample. Such investigations have already yielded 
much useful information, such as the ‘wavy onion’ structure of 
the carbon black particles®*, and a detailed description of the 
carbon graphitisation process*. In materials other than amor- 
phous carbon the results have been less clear. In amorphous Ge 
the early dark field (image formed with scattered electrons only) 
observations of small bright spots about 14 A in diameter’, 
interpreted in terms of small wurtzite crystallites’, have been 
overtaken by observations of much smaller dark field spots*:!° 
and interpretations denying the presence of any crystallites*:!, 
Similarly, bright field observations of small patches of fringes*~*, 
interpreted as direct imaging of the crystallite lattice planes**""*12, 
have also given rise to interpretations” in terms of relatively 
ordered regions within the continuous random network 
model'*:"4, or have simply been discarded as statistical peaking 
in order within an essentially random image". 


Meaningful images or just random noise? 

The diversity of opinions about the images of amorphous 
materials is the result of two fundamental difficulties, best 
illustrated by an analogy. An individual telephone conversation 


may remain identifiable even when received over a line with 
poor frequency response, but once several conversations are 
superimposed, the total loses all its information content and 
becomes just noise, in spite of being made up of individually 
meaningful signals. Similarly, an atom imaged by an electron 
microscope with a necessarily limited spatial frequency response 
may remain individually identifiable, but when the images of 
several such atoms are superimposed, the total may just become 
a random, unintelligible noise. 

Computing the images of various existing structural models 
for amorphous materials has shown that, for specimens of 
sufficient thickness, images of completely different models 
become qualitatively indistinguishable, and image features 
corresponding to particular structural configurations within the 
specimen may become completely washed out'*:'’. This suggests 
that many experimental images (for which the thickness of the 
amorphous specimen is usually quite considerable) may indeed 
be nothing but random, frequency-filtered noise. 

Random noise has been the subject of many mathematical 
studies, mainly in the context of communication engineering. 





Fig. 1 a, Direct reconstruction of an axial bright field micro- 
graph of vapour-deposited amorphous Ge. b, Phase-randomised 
reconstruction of the same image. A Perspex plate, sprayed with 
transparent lacquer until the droplets (about 0.1 mm in size) just 
started merging, served as the random phase screen for this and 
all the other phase-randomised images shown in this article. 
The resulting surface roughness was enough to ensure that each 
original patch of fringes was spread over a large area in the 
reconstruction, rather than merely shifted sideways. 
. 
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By virtue of the Central Limit Theorem'*, many different 
mathematical representations of the noise are possible. The one 
most commonly used is 


I(r) I Cn COS(2TGn.F~ Op) (1) 


I(r) is the intensity at a point r in the image plane, the c,s are 
the coefficients defining the image spatial frequency power 
spectrum, q is the spatial frequency variable and @,, represents 
the phase. The summation is taken over all the points of the 
spatial frequency plane needed to define the image area being 
considered, and the phases @, are taken to be distributed 
randomly in the interval (0,2). The representation (1) then 
describes the bright field image of a weak random object (with 
an unscattered beam of intensity 1). It leads to the prediction of 
many interesting properties of the random function'*°, some 
of which are directly applicable to the electron images. For 
instance, the probability of finding the image intensity /, at an 
image point selected at random, lying between / and /+ dZ, 
follows a Gaussian distribution in Z. Dark field images are 
describable by an expression similar to equation (1), although 
for these the intensity distribution is a negative exponential?! 
rather than a Gaussian one. These distributions can be used to 
test the randomness of actual electron images!’, but since they 
treat each image point independently and are therefore incapable 
of evaluating any patterns within the image, such tests are not 
particularly sensitive to non-random features. A better test of 
image randomness that concentrates on groups of image fringes 
is described here. 


An optical simulation technique 


It is clear that equation (1), being nothing but a Fourier sum- 
mation, can be used to represent any image. The random 
bright field image description only follows upon taking the 
phases to be random. When the phase information is deliberately 
removed (by randomising the phases), we obtain an image 
which has lost all the information on the exact specimen 
structure the origjnal may have contained. This random image 
will obviously differ from the original in detail, but it is possible 
that qualitatively the two images will be identical: every patch 
of fringes in the original micrograph may be matched by a 
similar patch of fringes produced in the random image by purely 
Statistical effects. Should this be the case, it is clear that the 
fringe patches in the original image should not be taken as 
structurally meaningful. Should the two images display marked 
differences in the number and regularity of fringe patches 
present, however, some interesting conclusions about the nature 
of the specimen should follow from the original. 

The randomisation of the phases @, can be carried out either 
computationally or in an optical bench!”. The second approach 
enjoys the advantage of greater simplicity and an ability to 
handle large image areas. It produces the phase-randomised 
image in three stages: a diffraction pattern (the spatial frequency 
power spectrum) of the original micrograph is formed, the 
phases are randomised by inserting a random phase screen into 
the diffraction plane, and finally a reverse optical transform 
leads to the phase-randomised reconstruction. To avoid 
undesirable interference between the main (unscattered) beam 
and the inserted phase screen, the main beam is allowed to pass 
through a hole in the screen. The resulting reconstruction is a 
simulated ‘random’ micrograph: although its spatial frequency 
power spectrum is unchanged from the original, it has become 
just random noise. 


Ordered regions in amorphous Ge, SiO, and C 

Figures 1, 2 and 3 show how the phase-randomisation technique 

works in practice. In each figure, image a is a direct reconstruc- 

tion of the original micrograph (recorded with the random 
. 








PERI xe 1/544" j s 
Fig. 2 a, Direct reconstruction of an axial bright field micro- 
graph of amphorous SiO, prepared by fragmentation of a 
“Spectrosil™ disk. b, Phase-randomised reconstruction of the 
same image. 


phase screen removed) and image b is its phase-randomised 
counterpart. The three examples are arranged by the amount of 
ordered structures visible in the original images. In Fig. la the 
4-A structures are quite irregular and in Fig. 2a some fringes 
running in the vertical direction appear: even more fringes can 
be seen in Fig. 3a. Such differences may be obvious to the eye, 
but it is clearly impossible to differentiate between meaningful 
and fortuitous image features on the basis of such qualitative 
remarks alone. One can, of course, define objective criteria of 
fringe regularity such as the signal-to-noise ratio of a group of 
fringes'’, and then evaluate the significance of the fringes by 
comparing the experimental values of their signal-to-noise ratio 
with the theoretical prediction for fringes produced by random 
effects. Such treatment, however, works with the absolute 
values of fringe regularity and demands that all the parameters 
influencing the image formation (such as the amount of inelastic 
scattering present, astigmatism of the objective lens, specimen 
drift and so on) be known accurately, which is usually not the 
case. 

By creating an individual reference standard with which the 
original image can be compared, the phase-randomisation 
technique altogether avoids the need for such considerations. In 
the case of amorphous germanium (Fig. 1), for example, the 
phase-randomised reconstruction is completely different from 
the original in detail, but it is not difficult to see that qualitatively 
the two images have remained indistinguishable, with the extent 
of ordering of the 4-A structures being about the same in either 
image. The phase-randomised reconstruction for amorphous 
carbon (Fig. 34), on the other hand, does not show any ordered 
image structures comparable to those visible in the original 
image. Specifically, the patches of relatively straight and 
parallel fringes spaced about 4 A apart identifiable at several 
places in Fig. 3a (particularly near the edge of the specimen) 
find no equivalent in the randomised reconstruction. 

Optical diffractograms showing the spatial frequency power 
spectrum of the direct and phase-randomised images of amor- 
phous carbon are shown in Fig. 4. It can be seen that the phase- 
randomisation procedure has hardly changed the power 
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spectrum at all, so that the different appearance of Fig. 3a and b 
is entirely due to the modification of the phases. It is also 
worth noting that because the lowest spatial frequencies have 
passed, together with the main beam, through the hole in the 
random-phase screen, the coarse image detail has not been 
altered by the phase randomisation, while the fine image 
structure has been completely changed by it. As a result of the 
phase randomisation, the fine structures in all the phase- 
randomised reconstructions extended well over the specimen 
edge (see Fig. 3b), and the marker shown in Fig. 2a reappears in 
Fig. 2b decomposed into its individual spatial frequency 
components, no longer fitting together as before. 

By comparison with the amorphous germanium and amor- 
phous carbon examples, the amorphous silica image (Fig. 
2) constitutes an intermediate case. Analysis of the spatial 
frequencies of the original image by optical diffraction indicates 
that, due to astigmatism, some directional filtering has taken 
place. Such filtering will lead to a micrograph with fringes 
running predominantly in one direction, and directional effects 
will remain even in the phase-randomised image, showing that 
the original fringes had no structural meaning whatever. 
Vertical fringes qualitatively similar to the ones in the direct 
reconstruction do indeed appear in Fig. 24, but since they are 
somewhat more broken up than those visible in Fig. 2a, it is 
difficult to pronounce judgment on the original image with any 
certainty. 

It should perhaps be emphasised that the intention of this 
article is to describe a technique for discriminating between 
meaningful and fortuitous features in high resolution bright 
field electron micrographs; the three examples used are merely 


Fig. 3 a, Direct reconstruction of an axial bright field micro- 
graph of vapour-deposited amorphous C. b, Phase-randomised 
reconstruction of the same image. 
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Fig. 4 a, Diffractogram of Fig. 3a. b, Diffractogram of Fig. 3b. 

They show that the micrograph of Fig. 3a was recorded at the 

broad second transfer interval underfocus (z)~ — 1,400 A) with 

negligible astigmatism (ca<20A). The disappearance of the 

outer part of the first transfer interval in b is due to the opaque 
edge of the hole in the random-phase screen. 


intended to serve as an illustration. It would not be correct to 
reach any definite conclusion regarding the structure of amor- 
phous materials on the basis of small parts of three electron 
micrographs, particularly since the structure of these materials 
is known to depend strongly on the preparation conditions 
(evaporation rate, substrate temperatures and so on). The 
possibility of providing a detailed quantitative description of 
order in such materials in fact constitutes one of the most 
attractive applications of this technique. Nevertheless, the 
results obtained with amorphous Ge and C may perhaps be 
taken as indicative of the results to be expected in these materials. 
The micrograph of evaporated amorphous Ge (Fig. |a)contained 
no image features attributable to well defined ordered regions 
within the specimen. The fringes seen in the image of evaporated 
amorphous C were, however, shown definitely not to arise from 
any fortuitous superposition of the images of distant individual 
atoms, and must therefore be taken as evidence for small 
(about 10 to 15 A) ordered regions within the material. These 
regions most probably consist of a few parallel graphite-like 
planes lying along the direction of the illgminating electron 
beam. 

The absence of any fringes in the Ge micrograph that could 
be safely attributed to non-random causes does not, however, 
mean that the specimen contained no ordered regions at all. It 
can be shown that in a Ge specimen 100 A thick the image of a 
fully diffracting 15-A crystallite would be obscured by the 
images of the atoms in the remaining 85 A. Only crystallites 
larger than about 18 Å would remain directly visible". A 
similar result also applies for amorphous silica: in a SiO, film 
100 A thick, only ordered regions larger than about 18 A will 
remain directly visible, and 15-A ones will be obscured in films 
thicker than about 50 A. In amorphous C this limitation is much 
less severe, owing mainly to the perfect alignment of the atoms 
into the graphite planes, which consequently stand out clearly 
from the amorphous background; 15-A graphite crystallites 
should remain visible even when embedded in films up to 150 A 
thick. 

The average thickness of the Ge specimen (as determined by 
monitoring its deposition by a quartz crystal oscillator) was 
about 100 A. It therefore follows that ordered regions smaller 
than 18 A will not be identifiable. Near the specimen edge (top 
half of Fig. 1a) the thickness is, however, likely to be smaller, so 
that the lack of non-random features there places an upper limit 
of about 15 A on the size of ordered regions possibly present. 
The amorphous C film was also about 100 A thick, which means 
that the actual direct observation of the 15-A ordered domains 
raises no contradiction. In regions much thicker than 100A 
the fringes attributable to these domains will be obscured. 

To summarise, high resolution electron microscopy has given 
rise to an approach to the study of the structure of amorphous 
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materials that is radically different from the conventional 
methods based on the analysis of diffraction patterns. The first 
task confronting a researcher using the new approach is the 
differentiation between structurally meaningful images and 
those in which too many overlapping atoms obscure the under- 
lying structure. This problem has been solved by the simple 
technique of optical simulation of random noise with power 
spectrum- identical to the original image. In the image of 
amorphous Ge examined here the technique.shows no evidence 
of crystallites, and thus places an upper limit of about 15. A 
on the size of ordered regions possibly present. In amorphous 
C, however, small (~ 15 A) ordered regions, haye been detected 
with the technique. It seems quite possible that similar ordering 
will be discovered in many other types of non-crystalline 
materials. 
This research was supported by the SRC. 
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Isotropic cosmic expansion 
and the Rubin-Ford effect — 


S. Michael Fall & Bernard J.T. Jones . 


nstitute of Astronomy, Madingley Road, Cambridge CB3 0HA, UK 


We show that the Rubin-Ford (RFR) data, often taken as 
evidence for large scale anisotropic cosmic expansion, 
probably only reflect the inhomogeneous distribution ‘of 
galaxies in the- region of the Rubin-Ford. sample. The 
data RFR have presented are consistent. with isotropic 
expansion, an unperturbed galaxy velocity field and hence 
a low density Universe. `  ' 


Rusin, Ford and Rubin! have reported on ‘a curious distribu- 
tion of radial velocities of Sc I galaxies’ which has sometimes 
been taken as evidence for large. scale anisotropic cosmic 
expansion. The Rubin—Ford sample consists of 74 galaxies with 
measured radial velocities (corrected for galactic rotation) and 
apparent magnitudes (as determined by Zwicky) in the ‘window’ 
14.0<mzy<15.0. These galaxies were chosen from a larger 
sample of 200 galaxies, selected from Palomar Sky Survey plates 
and classified as being of type Sc I according to the David 
Dunlap Observatory system?. 

RFR note in ref. 1 that the apparent velocity distribution of 
their sample is distinctly anisotropic. In one region of the sky 
(called region I), most of the sample galaxies have radial veloci- 
«ties vı ~ 4,950 km s~, while in the opposite region (called region 
II) most of the sample galaxies have radial velocities vn œ 6,400 
kms. The mean apparent magnitudes of sample galaxies in 
the two regions differ by only 0.1 mag and the mean apparent 
diameters differ by only 14%. ‘Since Sc I galaxies are thought 
to be good ‘standard candles’, RFR make the suggestion that 
their data may be evidence for anisotropic cosmic expansion. If 
true, this would have important cosmological implications, 
especially in view of the apparent isotropy of the microwave 
background radiation. Our purpose in this article is to point out 
that the Rubin-Ford data are consistent with isotropic expan- 
sion and indeed, the effect might have been expected on the 
hypothesis that the expansion is isotropic. 


Inhomogeneities , i 
The idea underlying our argument is illustrated in Fig. 1 where 
we have plotted the positions of Sc I galaxies in the Rubin-Ford 





sample'with declinations in the’ range 20° <5 < 42°. We have also 
plotted all galaxy clusters in this declination band with radial 
velocities < 10,000 kms and tabulated in Noonan’s list of 
clusters with published redshifts*. Those clusters classified by 
Abell! as being ‘rich’ are represented by a circle of radius 10 A~! 
Mpc (where h is the Hubble constant measured in units of 
100 km s~! Mpce~). From Peebles’ Abell cluster-galaxy corre- 
lation function®, this radius corresponds to a rich cluster density 
contour at some 3 times the background density. The other 
clusters were plotted with radii of 74-4 Mpc unless they seemed, 
from an inspection of Zwicky’s catalogue® to be particularly 
small or poor. In that case they were plotted with radii of 4h 
Mpc. The sizes are only meant to give a rough indication of the 
distribution of galaxies in the vicinity of clusters. To estimate 
the completeness of Noonan’s list in this,region, we have 
checked the Zwicky catalogue and find only one (or. possibly 
two) additional clusters which are comparable with those of 
known radial velocities. 

The correlation between the positions of Rubin-Ford Sc I 
galaxies and clusters in Fig. 1 is quite striking. Only one of the 
Sc I galaxies is significantly isolated from: any cluster. RFR 
point out that some 60% of their sample galaxies life ‘outside 
the cores of known clusters. Nonetheless, it is apparent “from 
Fig. 1 that they are associated with the Perseus—Pisces complex 
and Abell’s’? supercluster no. 6 (including. Coma and A1367). 
This would be expected on the ‘cloud picture’ of the galaxy 
distribution? ~. Figure 1 suggests to us that the apparent ani- 
sotropy in the radial velocities of Sc I galaxies may reflect only 
the inhomogeneities in the distribution of galaxies , in the 
region of the Rubin-Ford sample. 

. Of course, we have picked the declination band where the 
effect is most dramatic to illustrate the basic idea underlying our 
hypothesis. To show that the correlation of Sc I galaxies with 
clusters isa general phenomenon, we present in Table. 1 the 
number, of Rubin—Ford sample galaxies and Noonan clusters in 


the, high and low velocity bands of, regions I and II for the 


whole sky north of § = —3°. We note that the ratio, of the 
number of clusters to Sc I galaxies in the low velocity band of 
region I is nearly the same as this ratio for the high velocity band 
of region II, as expected on our hypothesis. We also note that 
there is an apparent deficit of high velocity Sc I galaxies in 
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Fig. 1 Clusters (O) and Rubin-Ford Sc I galaxies (-¢-) with 
20° < < 42°. Clusters: A, B, Anonymous; C, Perseus C,; 
D, Z501-5; E, Z501-5; F, 2522-9; G, A347; H, A426, Z540-1 

(Perseus); Í, Z119-1 (Cancer); J, A779, Z181-17; K, Z211-58; 
L, A1367, Z127-2; M, Abell Supercluster no. 6; N, A1656, 
Z160-1 (Coma); O, A2162, Z167-8; P, A2199, Z224~-12; 
Q, A2197, Z224-12; R, Z513-2; S, Z514-3; T, A2634, 2476-5; 
U, A2666, ZA476-5. Numbers preceded by A are entries in 
Abell’s catalogue‘ and numbers preceded by Z are entries in 
Zwicky’s catalogue®. All radial velocities arè from Noonan? 
except C which is from ag and M which is from Abell’. 

The circular scale gives RA (h), the radial scale gives ' 

velocity (km s~ y 


region I. As the'high velocity clusters in region I are among the 
poorest in the sample, however, this fact should not be given 
equal weight. 


The two-cloud model 


Figure 1, together with the Rubin-Ford comment that most 
of their sample galaxies in region I have velocities near 4,950 
km s™ and those in region II have velocities near 6,400 km s~, 
suggests that we idealise to a model in which galaxies lie in two 
‘clouds’ with those velocities. We shall refer to this model as the 
‘two-cloud model’ and denote the low velocity cloud I and the 
high velocity cloud II. Of course, the applicability of the model 
results from the particular magnitude window chosen by RFR 
and the distribution of clusters within it (compare Fig. 1). In 
what follows, we shall assume (1) that the-Sc I galaxies in both 
clouds are drawn from a universal urn, that is from the same 
luminosity function and size distribution, and (2) that there is no 
anisotropy in the cosmic expansion, that is, distances are given 
by Hubble’s law with a direction independent Hubble constant. 
We shall then endeavour to show that this model is consistent 
with the data presented in ref. 1 by RFR; we shall ‘predict’ (1) 
the 0.1 apparent magnitude difference between low and high 
velocity sample galaxies and (2) We 14% difference in mean 
angular diameters. 

First, we compute the mean apparent magnitudes of high and 
low velocity galaxies expected on the two-cloud model in a 
manner suggested by Sandage and Tammann’s discussion of the 
Rubin-Ford effect". We adopt the luminosity function for Sc I 
galaxies suggested by van den Bergh? and Sandage and Tam- 
mann"; a Gaussian with mean absolute (photographic) 
magnitude 


M = —20.0+5 logh (1) 


and dispersion 
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o(M) = 0.50 mag (2) 


With this luminosity function we compute mean apparent 
magnitudes 


: m = 14.17, my = 14.30 (model) (3) 


for the low and high velocity clouds respectively. The calcula- 
tion is illustrated in Fig. 2 and is of course independent of A and 
the numbers of galaxies in the clouds. We have adopted a 
photometric correction of —0.1 mag to Zwicky magnitudes as 
suggested by Sandage and Tammann?!. The predicted mean 
apparent magnitudes (3) are'to be compared with the mean 
apparent magnitudes of the Rubin-Ford sample, corrected for 
galactic obscuration 


mo = 14.20 +0.07, myo — 14.30-L0.06 
(Rubin-Ford data) (4) 





The agreement is remarkably good. We note that the predicted 
magnitudes are somewhat sensitive to the adopted magnitude 
window, ‘but that their near equality is not.. This near equality is 
mainly a consequence of the fact that the one-magnitude win- 
dow chosen by RFR is comparable with the dispersion in 
the absolute magnitudes of Sc I galaxies. 

Next we estimate the ratio of the mean angular diameters of 
the low and high velocity galaxies expected on the two-cloud 
model. We shall assume that galaxy diameters d and luminosities 
L are related by ` 


docLQ-e)/2 . (5) 


where £ is a parameter to be discussed presently. From (5) and 
the relationship between distances, luminosities and apparent 
and absolute magnitudes, it follows that the ratio of the mean 
angular diameters for galaxies in clouds I and II is 


6,/8n = (vn/vp ® [1+1 — E) mn — m) In0)+...1 (© 


to first order in (7—m))., For the two-cloud model appropriate 
to the Rubin-Ford data this becomes ô 


6,/611~ (1.29): (1.06—0.06e) (model) (7) 


with the mean apparent magnitude difference calculated above 
(equation (3)). The case e =0 corresponds to luminosities 
uncorrelated with mean surface brightness as Hubble}? found to 
be appropriate for elliptical galaxies, and the extreme case e = 1 
corresponds to luminosities uncorrelated with diameters. , 

Unfortunately, it is rather difficult to determine the luminosity 
-diameter relation for Sc I galaxies because one requires a 
large sample of galaxies, all at the same distance. It would be 
surprising if the value of £ appropriate to Sc I galaxies did not 
lie in the range (0,1) bracketed by the extreme cases mentioned 
above. We expect it to’ lie nearer the value € = 0.23 found by 
Heidman ef al. to fit the data on spiral galaxies in the Virgo 
cluster- best. This i$ similar to the value e = 0.17 found by 
Holmberg" to fit the data on galaxies of all morphological 
types. In any case, the dependence of equation (7) on e is rather 
weak in this neighbourhood. With € = 0.23, equation (7) gives 
the ratio 


6,/On~1.11 (model) ` (8) 


Table 1 Numbers of Rubin-Ford ScI galaxies and Noonan clusters 
north of § = — 





Low velocity 


High velocity 
(4,000-5,400 km s~) 


(6,100-7,500 km s~) 


Region Galaxies Clusters Galaxies Clusters 
I 20 5 2 5 
II 1 0 12 3 


| 
Nature Vol. 262 August 5 1976 
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Rubin-Ford | 
‘window’ ' 
13 . 14 15 
m 





Fig. 2 Graph illustrating the calculation of mean apparent 
magnitudes for low and high velocity galaxies on the two-cloud 
model. The dashed diagonal lines areo = 0.50 mag away from 

the mean velocity-magnitude line. All velocities are in km s~. 


which is to be compared with the ratio 


6/0, = 1.14+0.10 (Rubin-Ford data) (9) 


quoted by RFR for their sample. In view of the large scatter 
in the angular diameters of Rubin-Ford galaxies, the agree- 
ment between equations (8) and (9) is entirely satisfactory. 


The local velocity field 


RER have also pointed out that there 1s an apparent anisotropy 
in the radial velocities of the bright Sc I and Sc I-II galaxies 
studied by van den Bergh? and that the effect is similar in 
magnitude and in direction to that in the Rubin-Ford sample. 
That is, the van den Bergh galaxies in the Rubin—-Ford region I 
seem to yield a Hubble constant similar to that of Rubin—Ford 
galaxies in region I but significantly smaller than that of 
both van den Bergh and Rubin-Ford galaxies in region IJ. RFR 
argue from this that inhomogeneity scales of at least 70 h-~ 
Mpc are required by the hypothesis of isotropic expansion. How 
can this be reconciled with our assumption of isotropic expan- 
sion and inhomogeneities on the more reasonable scale of 
15 h Mpc? We have re-examined the data on van den Bergh’s 
sample of Sc I and Sc I-II galaxies and find that the anomaly 
arises mainly from those galaxies lying within ~ 20° of the centre 
of the Ursa Major complex. This is a small part of Rubin-Ford 
region I which we shall refer to as subregion U. Most of the 
van den Bergh galaxies in Rubin—Ford region II lie within 
~ 20° of the Virgo cluster, a:subregion which we shall denote 
by V. : 

Because of the unknown distribution of galaxies behind the 
Ursa Major and Virgo complexes, a detailed calculation is ‘out 
of the question. The following remarks, however, strongly 
suggest that the anomaly may indeed be caused by inhomo- 
geneities on the smaller scales: (1) the mean velocities of van 
den Bergh Sc I and Sc I-I galaxies lying in subregion U is very 
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close to the mean velocity of both de Vaucouleurs"® groups and 
Turner—Gott™ groups lying in that subregion; (2) the mean 
velocity of van den Bergh Sc I and Sc J-II galaxies lying in 
subregion V is ~ 2,000'km s~, almost 1,000 km s~ larger than 
the mean recessional velocity of the Virgo cluster. The apparent 
discrepancy could therefore be reconciled with isotropic expan- 
sion and moderate inhomogeneities on a theme similar to the 
two-cloud model if the Virgo complex in fact extends for 15 h~! 
Mpc or so in the radial direction. Another possibility is simply 
that the velocities of some of the Sc I and Sc I-U galaxies in 
subregion V are dominated by the core of the Virgo cluster and 
are therefore not indicators of their distance. Indeed, according 
to Tammann” the van den Bergh galaxies having NGC num- 
bers 4254, 4303, 4321 and 4535 lie in the core of the Virgo 
cluster. If these galaxies are put at the distance of the Virgo 
cluster, the anomaly between subregions U and V nearly dis- 
appears, ‘and the remaining difference might be accounted for 
along the lines mentioned above. 


Discussion 


The agreement between the ‘predictions’ of the two-cloud 
model and the data reported by RFR in ref. 1 is encouraging. We 
emphasise again that the applicability of the model results from 
the particular, narrow magnitude window chosen by RFR 
and the distribution of galaxies (as suggested by the distri- 
bution of clusters) within that window. Unfortunately, the radial 
galaxy distribution at these. distances is not yet accurately 
known over large parts of the sky and that is, of course, the 
reason for our choosing clusters of galaxies as a reflection of the 
distribution of galaxies. Recently, Chincarini and Rood have 
studied the radial velocity distribution of individual galaxies in 
the direction of the Coma cluster and its surroundings!’ and the 
Perseus—Pisces complex (G. Chincarini, personal communica- 
tion) and find distributions quite consistent the cloud picture 
depicted in Fig. 1. We note that the density enhancements 
required to produce the Rubin-Ford effect on the hypothesis of 
isotropic expansion are of ~1 on fadial scales ~15 4-1 Mpc 
(corresponding to the Rubin-Ford magnitude window). Studies 
of the distribution of galaxies within the Local Supercluster!® 
indicate that the required matter gradients are not atypical. On 
the hypotheses of uniform expansion and a uniform matter 
distribution on the very largest scales, the Rubin—Ford effect 
should of course vanish. Support for this comes from Evans and 
Hart who report no anisotropy in the angular diameter- 
redshift relationship for elliptical galaxies with radial velocities 
in the range 1,200 kms to 25,000 km s~. 

The Rubin-Ford effect should appear, on our hypothesis, in 
the distribution of any ‘standard candles’ in a one-magnitude 
window scaled to the RFR window (that is scaled by the 
difference in the mean absolute magnitudes of Sc I galaxies and 
that of the other standard candle). Le Denmat and Vigier?! have 
suggested that type I supernovae may be appropriate standard 
candles and have discovered an effect 'stmilar to the RFR 
effect in their distribution. Considering, however, the methods 
used in searching for supernovae, their apparent distribution is 
almost guaranteed to coincide with the distribution of galaxy 
clusters, and would have been expected to exhibit an aniso- 
tropic velocity distribution on our hypothesis. We have re- 
examined the data on type I and possible type I supernovae?®?3 
in the magnitude windows 15.3<m<16.3 and 15.7 < m< 16.7. 
These correspond respectively to supernovae mean absolute 
magnitudes 1.4 mag (ref. 24) and 1.8 mag (ref. 25) fainter than 
Sc I galaxies (see equation (1)). We do indeed find that most of 
these supernovae have occurred in galaxies which are members 
of the Coma, Cancer and Perseus—Pisces clusters (see Fig. 1). 
Jaakola et al.” have also noted an effect similar to the Rubin- 
Ford effect in the distribution of compact galaxies with absorp- 
tion spectra. It is not clear, however, that these objects represent 
standard candles in the sense required to evaluate our hypothesis. 

In summary, we have shown that the Rubin-Ford data are 
consistent with the hypothesis of isotropic cosmic expansion. In 
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view of the similarity of Sandage and Tammann’s" velocity— 
magnitude relationship (see their Fig. 4) in the supergalactic 
centre and anticentre directions, a peculiar anisotropy in the 
absolute magnitudes of Sc I galaxies which just compensates 
any anisotropy in the velocities is required if the cosmic expan- 
sion is not to be isotropic. We consider such a conspiracy to be 
less plausible than the hypothesis of isotropic expansion. The 
issue cannot be finally decided, however, until radial velocities 
and radial distribution of other kinds of matter at these distances 
are more accurately known. This will require velocity and mag- 
nitude data for several kinds of standard candles (‘standard 
candle’ meaning, in this context, a class of objects with an 
absolute magnitude dispersion < 0.50 mag, corresponding to 
the inhomogeneity scale 154-1 Mpc at these distances). 

Of course, we do not expect the cosmic expansion to be 
perfectly isotropic in the direction of clusters and clouds of 
galaxies because these matter inhomogeneities will have per- 
turbed the expansion to some extent. Since the perturbed galaxy 
velocities near an inhomogeneity are determined by the absolute 
amount of matter in the inhomogeneity, its mass and hence the 
mean matter density of the Universe can, in principle, be deter- 
mined once the galaxy distribution and velocity field near the 
inhomogeneity are mapped out!»??-22, As we have shown, the 
Rubin-Ford data are consistent with an unperturbed galaxy 
velocity field and hence a low density Universe. Paradoxically, 
the apparent anisotropy of the radial velocities reported by 
RFR in ref. 1 may impose a rather strong upper limit’ to the 
mean matter density of the Universe. To see this, refer back to 
Fig. 1. Suppose now that matter is decelerated towards the 
centre of the supercluster at RA 12 h. Then the matter on this 
side of the supercluster centre will be closer to us than the 
distance assigned on the two-cloud model from Hubble’s law. 
The galaxies in this cloud would then appear too bright to be 
consistent with the Rubin—Ford data. At this stage, we refrain 
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from carrying out a calculation of the mean matter density on 
this basis because of the uncertainties inherent in the limited 
data at hand. In view of the importance of this parameter and 
the hypothesis of isotropic expansion to cosmology, it would be 
very desirable to have more velocity and magnitude data for 
galaxies at these distances. 

We thank Barry Madore, Martin Rees and Simon White for 
interesting discussions and helpful comments. S.M.F. acknow- 
ledges support from the Cambridge Philosophical Society. 
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Remains of 13 early hominids have been found in the 
Laetolil Beds in northern Tanzania, 30 miles south of 
Olduvai Gorge. Potassium-argon dating of the fossiliferous 
deposits gives an upper limit averaging 3.59 Myr and a 
lower limit of 3.77 Myr. An extensive mammalian fauna 
is associated. The fossils occur in the upper 30 m of ash-fall 
and aeolian tuffs whose total measured thickness is 130 m. 





THE fossil-bearing deposits referred to variously as the Laetolil 
Beds, Garus: or Vogel River Series lie in the southern Serengeti 
Plains, in northern Tanzania, 20-30 miles from the camp site 
at Olduvai Gorge. 

Fossils have been collected from the area on several occasions, 
the largest collection being made by L. Kohl-Larsen in 1938-39, 
who also found a small fragment of hominid maxilla which 
was named Meganthropus africanus by Weinert!. L. S. B. 
Leakey and M.D.L. visited the area in 1935 and in 1959, while 
a day trip was made tn 1964 in company with R. L. H. The 
faunal material recovered on these occasions was all collected 
before the advent of isotopic dating and the age of the fossils 
remained uncertain until] potassium-—argon dating was carried 





out on samples of biotite obtained during the 1975 field season. 
In 1974, however, lava flows which unconformably overlie the 
Laetolil Beds had been dated by G. H. C. at 2.4 Myr. 

We now report evidence that fossiliferous deposits of several 
different ages exist in the Laetolil area and that specimens 
found on the surface are not necessarily derived from the same 
beds. There are, however, noticeable variations in the colour 
and physical condition of the surface fossils which provide 
indications of their origin. 

Discrepancies in the fauna were noted by Dietrich? and 
Maglio? who both postulated faunal assemblages of two 
different ages. In view of this, it was proposed for a time that 
the name Laetolil should be abandoned in favour of the more 
generalised term Vogel River Series, based on the colloquial 
German name for the Garusi river, which abounds in bird life. 
As the early fossiliferous deposits here referred to as the 
Laetolil Beds are not confined to the Garusi valley, this change 
of name seems unnecessary. Furthermore, the name Laetolil 
embraces a larger area, because it is the anglicised version of 
the Masai name (laetoli) for Haemanthus, a red lily that is 
abundant in the locality The Laetolil Beds, sensu stricto, 
form a discrete unit, distinguishable from later deposits, and 
M.D.L. considers that the original name proposed by Kent 
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Fig. 1 Map of the southern Serengeti and 
volcanic highlands. 


in 19414 should be retained for this part of the sequence. 

The relationship of the Laetolil to the Olduvai Beds had 
been under discussion for some years, but in 1969 R. L. H. 
noted that they underlay bed I at the Kelogi inselberg in the 
Side Gorge and established that they antedated the Olduvai 
sequence. This has been further confirmed when tuffs cor- 
relatable with bed I as well as an earlier, fosstl-bearing series 
of tuffs were found to lie unconformably on the Laetolil Beds. 

Interest in the area was renewed in 1974 after the discovery 
by George Dove of fossil equid and bovid teeth in the bed of the 
Gagjingero river, which drains into Lake Masek at the head 
of Olduvai Gorge. These fossils were found to be eroding from 
relatively recent deposits, probably the beds named Ngaloba by 
Kent‘. Exposures of the Laetolil Beds, not hitherto seen by 
M.D.L., were found to the east of the Gagjingero river, at the 
headwaters of the Garusi river and of the Olduvai Side Gorge 
(referred to as Marambu by Kohl-Larsen). Several fossils, 
including a hominid premolar, were found at these localities 
and subsequent visits yielded further hominid remains. 

The possibility of establishing the age of the hominid fossils 
from the Laetolil Beds by radiometric dating and of clarifying 
the discrepancies in the faunal material led to a 2-month field 
season during July and August 1975. Samples from the fossili- 
ferous horizons, collected by R. L. H., have now been dated. 
On the basis of these results the hominid remains and associated 
fauna can be bracketed in time between 3.59 and 3.77 Myr. 

No trace of stone tools or even of utilised bone or stone 
was observed in the material from the Laetolil Beds, although 
handaxes and other artefacts occur in conglomerates which are 
present in certain areas and which are unconformable to the 
Laetolil Beds. 


Stratigraphy of Laetolil area 


The bulk of the faunal remains and all of the hominid 
remains were found within an area of about 30 km? at the north- 
ern margin of the Eyasie plateau and in the divide between the 
Olduva: and Eyasie drainage systems (Fig. 1). 

Kent studied this area as a member of L. S B. Leakey’s 
1934-35 expedition, and his short paper ıs the only published 
description of the stratigraphy. He recognised three main 
subdivisions of the stratigraphic sequence, which overlies the 
metamorphic complex of Precambrian age. The lower unit 
he named the Laetoli! Beds and the upper the Ngaloba Beds 
The middle unit consists of olivine-rich lava flows and agglomer- 
ate, which are much closer in age to the Laetolil Beds than to 
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the Ngaloba Beds. Kent briefly noted the local occurrence of 
tuffs younger than the lavas and older than the Ngaloba Beds. 
He described the Laztolil Beds as subaertally deposited tuffs, 
and he gave 30 m as an aggregate thickness in the vicinity of 
Laetolil. The Ngaloba Beds he described as tuffaceous clays, 
and he gave a thickness of about 5m at the type locality. 
Pickering mapped this area as part of a 1:125,000 quarter 
degree sheet® and extended the known occurrence of the 
Laetolil Beds. He also recognised that at least some of the tuffs 
are of nephelinite composition. 

This picture was modified considerably by stratigraphic 
work in 1974 and 1975. The Laetoli] Beds proved to be far 
thicker and more extensive than previously recognised. The 
thickest section, 130 m, was measured in a valley in the northern 
part of the area (geological localities A to C, Fig. 2). The base 
is not exposed and the full thickness of the Laetolil Beds here 
is ‘unknown. Sections 100-120 m thick and representing only 
part of the Laetolil Beds were measured about 10 km south-east 
of Laetolil. The Laetolil Beds are 15-20 m thick at a distance 
of 25-30 km to the south-west and 10-15 m thick at Lakes 
Masek and Ndutu, 30 km to the north-west. The Laetolil Beds 
are tuffaceous sediments, dominantly of nephelinite composition. 

The lavas and agglomerates noted by Kent overlie an ir- 
regular surface deeply eroded into the Laetolil Beds. The lavas 
were erupted from numerous small vents to the south, south- 
west and west of Lemagrut volcano. Although designated as 
nephelinite by Kent, the flows proved to be vogesite, a highly 
mafic lava with interstitial alkali feldspar and phlogopitic 
biotite. The lavas have reversed polarity as determined by 
field measurements (personal communication from A. Cox). 
A sample of lava from geological locality D (Fig. 2) gave 
K-Ar dates of 2.38-+0.5 Myr and 2.43+0.7 Myr (Table 1). 

The 130-m section of the Laetolil Beds (Fig. 3) is divisible 
into an upper half consisting largely of wind-worked, or 
aeolian, tuff’ and a lower half consisting of interbedded ash-fall 
and aeolian tuff with minor conglomerate and breccia. Tephra 
in the lower half are nephelinite, whereas nephelinite and meli- 
litite are subequal in the upper half. Between these two divisions 
is a distinctive biotite-bearing coarse lithic-crystal tuff 60cm 
thick. Hominid remains and nearly all of the other vertebrate 
remains are confined to the uppermost 30 m of aeolian tuffs 
beneath a widespread pale yellow vitric tuff 8 m thick (tuff d 
of Fig. 3). Several other marker tuffs, between 1 m and 30cm 
thick, can be used for correlating within the fossiliferous 30-m 
thickness of sediments. The three prominent marker tuffs, 
designated a, b, and c (Fig. 3, column 2), can be recognised 
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throughout the area shown in Fig. 2. Widespread horizons 
of ijolite and lava (mostly nephelinite) xenoliths are at several 
levels in the fossiliferous part of the section and assist in cor- 
relating. Biotite is common in some of the ijolite. 

Additional fossiliferous deposits, of mineralogical affinity 
to the Laetolil Beds and 10-15 m thick, lie between tuff dandthe 
bed I (?) tuffs at several places. They are locally separated from 
tuff d and the underlying aeolian tuffs of the Laetolil Beds by 
an erosional surface with a relief of 8m. These sediments 
comprise water-worked tuffs, aeolian tuffs, clay-pellet aggregate 
of aeolian origin and limestone. The tephra are of phonolite 
and nephelinite composition. It is not yet clear whether or not 
these sediments should be regarded as part of the Laetolil Beds. 

Beds I and II are represented by sedimentary deposits that 
lie stratigraphically between the lava and the Ngaloba Beds. 
The bed II deposits locally contain fossils and artefacts. 
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Fig. 2 Map of the Laetoli] area showing 
the fossil beds. 


Sadiman volcano, about 15km east of the fossiliferous 
exposures, seems to have been the eruptive source of the 
Laetolil Beds. The one K-Ar date, of 3.73 Myr, obtained from 
Sadiman lava, fits with the K-Ar dates on the Laetolil Beds 
presented here. This date was published previously as K-Ar 
2238 (ref. 8), where it was incorrectly assigned to Ngorongoro 
because of a mistake in listing the sample numbers. 


Potassium—argon dating 


The vogesite lava is composed of approximately 85-90% 
olivine and augite. The remainder is principally anorthoclase 
in the groundmass together with a very small amount of 
phlogopitic biotite. These two minerals proved too fine-grained 
and sparse for effective separation, and whole-rock samples 
were used for dating. 





Table 1 K-Ar dates from the Laetolil area 








Dated Sample 
Sample KA no. material weight (g) %K 
Vogesite lava, 2835 Whole rock 10.06588 1.013 
Location D 2837R Whole rock 11.27408 1.013 
2929 Whole rock 1.98629 6.96 +.03 
Tuff c, 
location A 2977 Whole rock 2.544 6.98 +.04 
2979 Whole rock 1.94298 6.95 +.04 
Xenolithic horizon, 2930 Whole rock 3 07730 7.58 +.02 
location A 2930R Whole rock 1.83909 7.58 +.02 
Ash-fall tuff, 2932 Whole rock 1.05978 6.00+ 1 
location B 2938 Whole rock 1.42092 6.49 +.04 


mol g7! Ar 
radiation % LAr Age 
x107 atmosphere yr (Myr) Remarks 
0419 740 2.38+.05 Unconformably over- 
0.427 84.4 2.43+.08 lying Laetolil Beds 
4.118 715 3.41 +.08 Treated with dilute 
H 
4.462 78.5 3.68+.09 Treated with warm 
4.454 79.1 3.69+.10 dilute acetic acid _ 
4.771 50.8 3.62+ 09 ee with dilute 
4,733 39.7 3.594.05 HC 
3.996 75.0 3.82+.16 Crushed, hand picked, 
4.182 78.8 3.71.12 treated with dilute HCl 


K/K = 1.18 x 10-4; Ky = 5.480 10- yr; Kap = 4.905 x 4,905 x 1071 yr-t; Kis = 0.575 x 107° yr. 
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Fig. 3 Stratigraphic column of the Laetolil Beds showing the 
positions of the dated tuffs and hominid fossils. 


In addition to the vogesite lava unconformably overlying the 
Laetolil Beds, three of the tuffaceous layers within the Laetolil 
Beds have been dated by the conventional, total degassing 
K-Ar method (Table 1), and one of these tuffaceous layers 
has also been dated by the *#°Ar/*°Ar method, using incremental 
heating. 

Tuff c is the uppermost of the dated horizons, lying near the 
top of the fossiliferous deposits. It is a widespread crystal-lithic 
air-fall tuff cemented with calcite and generally 10-15 cm thick. 
Abundant biotite crystals 1-2 cm in diameter occur in the upper 
part of the tuff, which is composed of nepheline and milelitite. 
The dated crystals were hand-picked from two outcrops of the 
tuff at locality A (Figs 2 and 3). The cementing calcite adhering 
to and interleaving the biotite books was removed by treatment 
with dilute HCI for a few minutes on one sample and with warm 
dilute acetic acid on two other samples. This treatment was 
found to have negligible deleterious effects on biotite standard 
samples. The three dates obtained for tuff c (3.41.08 Myr, 
3.68 +.09 Myr, and 3.69+.10 Myr) have about equal precision 
so were averaged to give a date of 3.59 Myr. 

Two conventional K-Ar dates and one *°Ar/Ar were 
obtained from a single biotite crystal from a xenolithic horizon 
at locality A (Figs 2 and 3) approximately 1-2 m below the 
youngest tuff dated (tuff c). This horizon lies within the upper 
part of the fossiliferous beds and is distinguished by its ejecta 
of ijolite xenoliths together with nephelinite lava xenoliths. 
Although the biotite occurs in some of the ijolite clasts, a 
large single free crystal picked from the tuff was used for 
dating. The good agreement between the two conventional 
K-Ar dates for this sample (3.62 +0.09 Myr and 3.59 +0.05 Myr) 
and the *°Ar/*Ar date which yielded an isochron age of 
3.55 Myr (Fig. 4) indicates that initial excess ®Ar is not a 
problem with this sample, and that these dates give an average 
age for this horizon of 3.59 Myr. 

Two dates were obtained from a biotite-bearing crystal-lithic 
tuff 60cm thick lying approximately 50 m below tuff ¢ near 
the middle of the thickest section of the Laetolil Beds at location 
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B (Fig. 2). The tuff is of nephelinite composition, containing 
abundant augite and altered nepheline and 2-3% of biotite, 
some crystals of which are as much as 1 cm in diameter. Calcite 
cements the crystals and fragments together. Biotite was 
separated by crushing, screening and hand picking and was 
cleaned of calcite with dilute HCl. Two dates, 3.82+0.16 Myr 
and 3.71+40.12 Myr, average 3.77 and give a lower limit to 
the age of the hominid remains (which occur below but close 
to the dated xenolithic horizon higher in the section) in the 
30 m section at locality A (Fig. 2) whose base projects approxi- 
mately 20 m above this tuff at locality B (Fig. 3). 


Fauna 


The fossiliferous deposits in the Laetolil area have been sub- 
divided, for purposes of collecting, into 26 localities. These 
subdivisions are based on existing topographic features such as 
grassy ridges, Jines of trees, stream channels and so on. This has 
provided a means of dividing the fossiliferous area into units of 
restricted size, but does not relate to the former topography. 

Eighteen of these localities are in the Garusi valley, one in the 
valley at the head of the Olduvai Side Gorge, one in the Gad- 
jingero valley, five in a valley to the south of the Garusi river 
and one in an isolated position to the west (Fig 2). 

Identifiable fossils noted on the exposures were either col- 
lected and registered or listed on the sites. Specimens from the 
Laetolil Beds were distinctively cream coloured or white and 
sometimes chalky in texture, but the surface material also 
included brown, grey or black specimens, often rolled. These 
have been excluded from the material under review, together 
with fossils which have adhering matrix clearly dissimilar from 
the tuffs of the Laetolil Beds. Among these are all remains of 
Hippopotamus, Equus. Theropithecus, Phacochoerus and Trage- 
laphus, formerly included in the Laetolil fauna, with the 
exception of Hippopotamus. 

The fossil material from the Laetolil Beds is dispersed and 
fragmentary and it is not possible to assess the number of 
individuals represented. In this article, ‘numbers of fossils’ 
refer to individual bones and teeth, except in the case of clear 
association, confined almost entirely to remains of Seren- 
getilagus and Pedetes, some of which were associated and even 
articulated. 

Table 2 shows the mean percentage frequency of the more 
common vertebrate groups at several of the richer localities. 
A total of 6,288 fossil specimens was identified from the 
localities considered here. 

Reptiles are represented by snake vertebrae at three localities 
and by tortoises at all localities. The latter have an average 
frequency of 2.2% and include several giant specimens. Avian 
remains occur widely and at several localities birds’ eggs 
were completely preserved. There is one example of a shattered 
clutch of at least eight eggs, rather smaller in size than eggs of 
domestic fowl. Primates were found at 15 localities, and in 
one area they constitute 3.8% of thefauna. Bothcercopithecines 


and colobines are present (M. G. Leakey, personal 
communication). 
Fig. 4 *°Ar/*°Ar incremental heating of biotite from xenolithic 


horizon, locality C. Isochron age, 3.55 Myr; [4°Ar/**Ar]q = 294; 
WAr/Ar = 0.35318; J = 0.005204. 
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Rodents are fairly well represented, although not abundant. 
Of the specimens identified by J.J. Jaeger, the most common are 
Pedetes, Saccostomus and Hystrix. The carnivore fauna is 
characterised by a high percentage of viverrids, constituting 
32% of all the carnivore specimens. Large carnivores are 
represented by hyaenids, of which there are several genera, by 
felids and a machairodont. 

Proboscidea include Deinotherium and Loxodonta sp. 
(M. Beden, personal communication). There is no evidence that 
the equid material (other than that derived from later deposits) 
includes any genus except Hipparion. The suids consist only of 
two genera, Potamachoerus and Notochoerus (J. Harris, personal 
communication). The presence of Ancylotherium and Oryctero- 
pus, noted in previous collections, is confirmed and the exis- 
tence of two rhinocerotids has been established by the dis- 
covery of skulls of both Ceratotherium and Diceros, although 
only the former was listed previously. 

Among the giraffids, Stvatherium and a small form of giraffe 
are equally common. Giraffe jumae is also present but is much 





Table 2 Mean percentage frequency of bones of more common 


vertebrate groups 
Group Mean percentage Range Nos of localities 
Bovidae 43.0 29.5-57.9 18 
Lagomorpha 14.4 5 6-24.0 18 
Giraffidae 112 6.8-23 2 18 
Rhinocerotidae 9.7 5.7-17.3 18 
Equidae 4.4 1.7-7.1 18 
Suidae 3.6 1.0-7.1 ° 18 
Proboscidea 3.4 1.0-5.1 18 
Rodentia 3.3 0 9-7.2 17 
Carnivora 3.1 0.8-8.2 17 


less well represented. The bovid fauna is chiefly characterised 
by the very high percentage of Madoqua (dikdik). In 18 lo- 
calities dikdik range from 1.5 to 37.7% of all bovid specimens, 
with a mean percentage of 15.1%. 

The 1975 field season, although mainly confined to surface 
collection, has established that previous collecting had sampled 
faunas of several time periods. It is now possible to exclude 
some genera from the published lists of fauna from the Laetolil 
Beds’, such as Theropithecus, Tragelaphus, Equus and Phaco- 
choerus. 
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Fossil hominids 


Thirteen new fossil hominid specimens were recovered from the 
Laetolil site during 1974 and 1975. The remains include a 
maxilla, mandibles and teeth. This sample displays a complex 
of characters seemingly demonstrative of phylogenetic affinity 
to the genus Homo, but also features some primitive traits 
concordant with its great age. 

The hominid specimens are listed in Table 3. Provisional 
stratigraphic correlation and dating have placed the hominid 
remains as shown in Fig. 3. With the exception of Laetolil 
hominids (LH) 7 and 8, all specimens retain the matrix charac- 
teristic of the Laetolil Beds from which they have been 
weathered or excavated. There is no reason to doubt that all 
the specimens derive from the Laetolil Beds as reported. 

The Laetolil hominid sample consists of teeth and mandibles. 
Important features of these specimens are described here, 
followed by a brief preliminary discussion regarding the 
phylogenetic status of the fossils. 

Remains of deciduous and permanent dentitions have been 
recovered. The dentitions consist of two maxillary and four 
mandibular partial tooth rows. Compared with the rest of the 
East African Pliocene/early Pleistocene hominid sample, the 
Laetolil anterior teeth are large and the postcanine teeth of 
small to moderate size. 


Deciduous dentition 


Canines (LH 2, 3) Single upper and lower deciduous canines are 
known. The lower is a slightly projecting, sharp conical tooth 
in its damaged state. It is smaller but its overall morphology 
is similar to its permanent counterpart. 

First molars (LH 2, 3) The upper first deciduous molar displays 
spatial dominance of the protocone and a well-marked mesio- 
buccal accessory cusp defined by a strong anterior fovea. The 
lower first deciduous molar is molarised, with four or five main 
cusps depending on hypoconulid expression. There is a spatially 
dominant protoconid with a large flat buccal face, a lingually 
facing anterior fovea, and an inferiorly projecting mesiobuccal 
enamel line. Vertical dominance of the protoconid and meta- 
conid is marked in lateral view. 

Second molars (LH 2, 3, 6) Upper and lower deciduous second 
molars take the basic form of the analogous permanent first 
molars but are smaller in overall size. The dM, of LH 2 is the 
only lower molar in the Laetolil sample bearing any indication 
of a tuberculum sextum. ' 


eee 
Table 3 Hominid remains recovered in 1974-75 





Laetolil hominid Locality Specimen consists of Discovered 
(LH) by 
l l RP* fragment M. Muoka 
2 3t Immature mandibular corpus with M. Muluila 
deciduous and permanent teeth 
3 (a-t) 7 Isolated deciduous and permanent M. Muoka 
teeth, upper and lower 
4 7 Adult mandibular corpus with M. Muluila 
dentition 
8 Adult maxillary row: I? to M? M Muluila 
6 (a-e) Tt Isolated deciduous and permanent M. Muoka 
' teeth, upper 
7 5 RM! or ? fragment M. Muoka 
8 Il RM?, RM? E Kandındı 
10 10W Fragment left mandibular corpus with E. Kandindı 
broken roots 
11 10W LM? or 2 E. Kandindi 
12 5 LM? or 3 fragment E. Kandindi 
13 8 Fragment right mandibular corpus M. Jackes 
with broken roots 
14 19 Isolated permanent teeth, lower E. Kandind 


eee 


LH 9 was not valid 
*In situ. 
+LH 3 and 6 associated in mixcd state. 
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Fig. 5 Occlusal views of juvenile and adult mandibles (LH 2 


and 4). 


Permanent dentition 


Incisors (LH 2, 3, 5, 6, 14) The single upper central incisor is 
very large and bears pronounced lingual relief. The upper 
lateral incisors are smaller, with variable lingual relief. The 
lower incisors are narrow and very tall, with minimal relief. 
Canines (LH 2, 3, 4, 5, 6, 14) The incompletely-developed upper 
canine LH 3 is large, stout and pointed, bearing pronounced 
lingual relief. LH 6 is slightly smaller, with less lingual relief 
and a tall, pointed crown. LH 5 bears an elongate dentine 
exposure on its distal occlusal edge but does not project beyond 
the occlusal row in its worn state. The lower canines are similar 
to the uppers in their great size, height and lingual relief. 
Premolars (LH 1, 2, 3, 4, 5, 6, 14) The upper premolars tend to 
be buccolingually elongate and bicuspid, with the lingual cusp 
placed mesially and an indented mesial crown face. The two 
lower third premolars each have a dominant buccal cusp with 
mesial and distal occlusal ridges, and a weak lingual cusp 
placed mesial of the major crown axis. The long axis of the oval 
crown crosses the dental arcade contour from mesiobuccal to 
distolingual, donating a ‘skewed’ occlusal profile to the tooth. 
The lower fourth premolars are fairly square in shape with 
major buccal and lingual cusps and moderate talonids. 

Molars (LH 2, 3, 4, 5, 6, 7, 8, 11, 12, 14) The upper molars are of 
moderate size, their relative proportions unknown. They show a 
basic four-cusp pattern with spatial dominance of the protocone 
and typical expression of a pit-like Carabelli feature. The lower 
molars display progressive size increase from first to third in 
LH4. They have a fairly square occlusal outline with hypo- 
conulid apressed anteriorly between hypoconid and entoconid 
and no trace of a tuberculum sextum. The Y-5 pattern of 
primary fissuration is constant. 


Mandibles 

Juvenile mandible (LH 2) This specimen (Figs 5 and 6) is 
incompletely fused at the midline, and the developing crowns 
of the permanent canines and premolars are exposed in the 
broken corpus. The first molars have just reached the oc- 
clusal plane. Only the posterior aspect of the symphysis shows 
fairly intact contours, with a concave post-incisive planum and 
incipient superior transverse torus. The genioglossal fossa is 
obscured by midline breakage. Associated distortion has 
artificially increased the bimolar distances. 

Adult mandible (LH 4) The adult mandibular corpus is well 
preserved, with the rami missing (Figs 5 and 7). The dental 
arcade is essentially undistorted, and presents fairly straight 
sides which converge anteriorly. The anterior dentition has 
suffered post mortem damage and loss, except for the right 
lateral incisor which seems to have been lost in life. Largely 
resorptive alveolar pathology has obliterated its alveolus and has 
affected the adjacent teeth, There is development of wide inter- 
proximal facets for the canine teeth but no C/P, contact facet. 
This combines with observation of extensive wear on the 
buccal P, face to suggest that C/P, interlock has prevented 
mesial drift from eliminating the C/P, diastema, Judging from 
the preserved posterior incisor alveoli, these teeth were set in an 
evenly rounded arcade, projecting moderately anterior to the 
bicanine axis. The internal mandibular contour is a very narrow 


Fig. 6 Juvenile mandible from the Laetolil Beds (LH 2). a, 

Occlusal view; except for the first molars all the teeth are 

deciduous. b, Front view showing the central incisors, canine and 
P, in the bone. 
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parabola in contrast to the wider basal contour which displays 
great lateral eversion posteriorly. There are weak to moderate 
superior and inferior transverse tori, the latter bearing strong 
mental spines. 

The anterior root of the ramus is broken at its origin, lateral 
to Ma. Occlusal and basal margins diverge strongly anteriorly, 
resulting in a deep symphysis. The symphysis is angled sharpiy 
posteriorly and the anterior symphyseal contour is rounded and 
bulbous. The lateral aspects of the corpus have very flat 
posterior portions and distinctive hollowing in the areas above 
the mental foramina at the P, to P, position. The corpus is tall 
and fairly narrow, especially in its anterior portion. 


Implications of the specimens 


The Laetolil fossil hominid sample, including the original 
Garusi maxillary fragment’, seems to be representative of only 
one phylogenetic entity or lineage. The variations observed in 
the material seem to be primarily size-based and stem from 
individual and sexual factors. 





Fig. 7 Adult mandible from the Laetolil Beds (LH 2), occlusal 
view, 


The deciduous teeth, particularly the lower deciduous first 
molars, display remarkable similarity to hominid specimens 
from South Africa (Taung; STS 24)" as well as to individuals 
tentatively assigned to Homo in East Africa (KNM ER 820. 
1507)". They depart strongly from the pattern of molarisa- 
tion displayed in the South African “robust” specimens 
(TM 1601; SK 61, 64)! as well as from East African specimens 
Pico assigned to the same hominid lineage (KNM ER 

PP: 

The Laetolil permanent canines and incisors are relatively 
and absolutely large and bear a great deal of lingual relief. They 
ally themselves similarly to earlier hominid specimens such as 
STS 3, 50, 51, 52; MLD 11; OH 7, 16; KNM ER 803, 1590 
(refs 10, 15, 18-21), as well as to the younger African and 
Asian specimens usually assigned to Homo erectus. These 
features set the Laetolil specimens apart from the sample 
including SK 23, 48, 876 and so on: Penini; KNM CH 1; OH 5, 
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38; KNM ER 729, 1171 (refs 10, 15, 18-21). The Laetolil 
permanent premolars show none of the molarisation seen in the 
latter specimens and bear particularly strong resemblances to 
South and East African material (STS 51, 52, 55; OH 7, 16, 24; 
KNM ER 808, 992 (refs 10-12, 14). 

The Laetolil permanent molars are consistent in aligning with 
the South African “gracile” australopithecus and the East 
African Homo material in both size and morphology. The 
molars do not display the increased size, extra cusps or bulging, 
expanded, “puffy” development of the individual cusps seen in 
high frequency among South and East African “robust” forms 
(SK 6, 13, 48, 52; TM 1517; Peninj; KNM CH 1; KNM ER 
729, 801, 802) (refs 10, 17-20). The adult mandible has resem- 
blances to certain East African specimens such as KNM ER 
1802, with similar corpus section and basal eversion. 

The Laetolil fossil hominids have several features possibly 
consistent with their radiometric age. These traits include the 
large crown size and lingual morphology of the permanent 
canines; the morphology and wear of the C/P, complex; the 
buccolingually elongate upper premolars; the overall square 
occlusal aspect of the lower permanent molars; the low sym- 
physeal angle; the bulbous anterior symphysis; the relatively 
straight posterior tooth rows; the low placement of the mental 
foramina, and the distinctive lateral corpus contours including 
small, superiorly placed extramolar sulci. 

Preliminary assessment indicates strong resemblance be- 
tween the Laetolil hominids and later radiometrically-dated 
specimens assigned to the genus Homo in East Africa. Such 
assessment suggests placement of the Laetolil specimens among 
the earliest firmly dated members of this genus. It should come 
as no surprise that the earlier members of the genus Homo 
display an increasing frequency of features generally inter- 
preted as “primitive” or “pongid like”, which indicate deriva- 
tion from as yet largely hypothetical ancestors. 

Much of the recently discovered comparable fossil hominid 
material from the Hadar region of Ethiopia shows strong 
similarity to the Laetolil specimens**, and further collection 
combined with detailed comparative analysis of material from 
both localities is essential for the further understanding of 
human origins. The Laetolil collection adds to the developing 
phylogenetic perspective of the early Hominidae and emphasises 
the need for taxonomic schemes reflective @f and consistent 
with the evolutionary processes involved in the origin and 
radiation of this family. 
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The individuality of bacterial cells grown in homogeneous 
conditions was demonstrated by showing characteristic 
behavioural differences which persist over their lifespans. 
Poissonian fluctuation of small numbers of generator mole- 
cules can explain this individuality and may apply to such 
processes as differentiation and asynchrony of cultures. 


BIOLOGICAL systems are constantly confronted with chance 
occurrences in their environmental conditions and internal 
processes. An elaborate biological apparatus has evolved to 
utilise chance in genetics for the survival of the species. Some 
feedback mechanisms, on the other hand, are designed to 
insulate the individual against chance fluctuations of environ- 
mental conditions. How much influence has chance in internal 
cellular processes in determining the metabolic state and 
behaviour of the single cell? More specifically, 1f cells containing 
identical chromosomes could be grown in environmentally 
homogeneous conditions, how similar would they be in their 
biochemical characteristics? 

Uniform growth conditions can be obtained with agitated 
suspension cultures, since the spatial inhomogeneities which 
inevitably develop in stationary surface growth (for example, 
tissue culture plates or agar surfaces) are continuously random- 
ised in swirled liquid culture. The problem of apparently 
non-genetic variation of cells in such a homogeneous environ- 
ment has arisen in studies of several phenomena. For example, 
bacteriophage burst sizes}, cell division times?, bacterial flagellar 
phases** and f-galactosidase concentrations’~’ all show 
variation difficult to attribute to environmental inhomogeneities 
or genetic causes. The question of individuality 1s difficult to 
pursue in these cases because one needs measures of character- 
istics of individual cells which can be ascertained essentially 
instantaneously and which do not perturb the cell’s biochemical 
state. With such instantaneous measures an individual cell can 
be compared with itself at various stages of its life cycle and 
with other individual cells in an isogenic population. Such 


Fig. 1 Tumbly mutant recovery individuality. 
All bacteria were grown in homogeneous 
conditions as described previously}*. In 
a the length of each line represents the 
time interval over which an individual 
bacterium was tracked. For each of the 22 
lines the temporal gradient stimulus 0—>0.5 
mM -serine was delivered to ST171 at time 
0 (as previously described?*) and the bacter- 
tum nearest the centre was followed until 
it tumbled continuously for 30 s. Times at 
which the bacterium briefly tumbles are 
are represented as |, and the time at which 
it began to continuously tumble is repre- 
sented as x. From the, data in (a) the 
fraction of the bacteria not yet continouusly 
tumbling was plotted against time to yield 
the step function in (6). O, Tumble frequency 
assay'® results for ST171 subjected to the 
same stimulus; ----, a cumulative normal 
distribution with the same mean and vari- 02 710 
ance as the data obtained from tracking. SF 
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measures became available in our studies on chemotaxis and 
enabled us to approach the question of individuality in bacteria 
as an illustration. 

The chemotactic migration of bacteria can be studied 
quantitatively. In the absence of chemotactic stimuli a bacterium 
shows brief periods cf swimming in an approximately straight 
line (smooth swimming), interrupted by a rapid irregular 
motion, which reorients its swimming direction (tumbling). 
Tumbling is suppressed when the bacterium swims in a favour- 
able direction in a chemical gradient and this regulation of 
tumbling frequency results in.net migration up gradients of 
attractants and down gradients of repellents’ -!°. The modulation 
of tumbling frequency is caused by temporal changes in attract- 
ant or repellent concentration which are analysed by the sensing 
system and transmitted to the flagella®*. For example, if the 
concentration of an attractant in the bacterial environment is 
suddenly increased, this temporal gradient transiently suppresses 
tumbling in the bacteria. Although the details of the temporal 
gradient sensing mechanism are unknown, control of tumbling 
can be rationalised as caused by changes in the levels of a 
tumble regulator®:!*. The concentration of this tumble regulator 
is thus a key property of the cell since it provides an important 
survival mechanism for the bacterium. Its properties can be 
measured quantitatively in two ways: (1) in the sensitivity to 
stimuli as measured by recovery from temporal gradients!**1* 
and (2) in the tumbling frequency when there is no gradient®™!? 
as an indicator of the steady-state level of tumble regulator. 
These two properties were studied for individual bacteria as a 
test for non-genetic variability. 


Sensitivity to gradients of attractant 

Our first study of individual bacteria involved subjecting a 
bacterial clone of a tumbly mutant strain to a temporal gradient 
of serine, using the sudden mixing methods described earlier®:1* 
The transient smooth swimming in response to a temporal 
gradient stimulus is especially easy to quantify with tumbly 
mutants. The individual bacteria were kept in focus by rough 
tracking through a movable microscope stage which keeps the 
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bacterium in the centre of the field. A videotape recording 
could be played back in slow motion to describe in detail the 
behaviour over a long period. The results for 22 individuals of 
a constantly tumbling mutant subjected to a serine stimulus are 
shown in Fig. la. There is great variability in the time that 
individual bacteria take to return to their prestimulus tumbling 
pattern. Data of the same type (Fig. 2) were obtained for a 
wild-type strain which also swims smoothly immediately after 
stimulation and returns to intermittent tumbling (its normal 
non-gradient state). If data from tracking are plotted on the 
same graph as a recovery curve for a population subjected to 
the same stimulus in the tumble frequency assay!%, the curves 
are superimposable (Fig. 1b). 

The results of Fig. 1b mean that the form of the recovery of a 
population from a stimulus is caused by the variability of the 
individuals in the population. In fact, if we define F(s) as the 
fraction of a population which has recovered at time ż after 
delivery of a stimulus and S(r) as the probability of producing 
a smooth swimming track, equation (1) describes the behaviour 
of the bacteria. S., is zero for the constantly tumbling mutant 
and has a finite value, greater than zero, for wild-type bacteria. 


SQ—So 
AS (1) 
The bacteria used in these experiments were at most 30 
generations away from a single cell parent. An extremely high 
spontaneous mutation rate would have to be postulated to 
explain our data in terms of genetic variation, as the following 
calculation shows. Where m is the probability of occurrence of 
any mutation affecting chemotaxis per generation, after 30 
generations the probability of a bacterium not containing a 
mutation is (1—m)®. Therefore for at least 50% of the bacteria 
to have acquired one or more mutations affecting chemotaxis, 


(1—m)® <0.5 


or 
m>2.3x 107? 


There are only about 10 genes specifically involved in Salmonella 
chemotaxis“, but even the liberal estimate that a mutation in 
any one of 100 loci could alter chemotactic behaviour requires 
that the mutation rate per locus must be greater than 2 x 10-4, 
which is at least 10? times higher than usual spontaneous 
mutation rates. Therefore we conclude that (1) there is a large 
non-genetic individual variability in the response of both 
tumbling mutants and wild-type bacteria to stimuli and (2) the 
results of the tumble frequency assay are a direct measurement 
of this variability. 
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Fig. 2 Wild-type recovery individuality. 
Points are tumble frequency assay?? results 
transformed by equation (I) (see text) for 
ST1 subjected at time 0 to the temporal 
gradient stimuli 0->0.01 mM (O) I-aspartate 
and 01.0 mM I-aspartate(A). Step func- 
tions are cumulative times to the first tumble 
after stimulation for these two same stimuli 
derived from tracking as described in Fig. 1. 
The dotted lines are cumulative normal distri- 
butions with the same means and variances as 
the two sets of tracking data. 


Fraction of population not yet 
tumbling (step function) 


Individuality and phase of cell cycle 

The experiments described above establish that the cell types 
present do not show identical behaviour, but do not distinguish 
between the alternatives: (1) that the individuality is created by 
one or more random events in the history of the bacterium 
or (2) the cell has no intrinsic individuality but its properties 
vary according to its, position in the cell division cycle. In the 
latter case the asynchrony of the culture would give the appear- 
ance of individuality where it does not in fact exist. To 
distinguish between these alternatives, the response of the 
bacteria were compared as a function of cell length. Cell length 
is known to be correlated with position in the division cycle! 
and bacterial lengths are clearly visible in the measurements 
from the tumble frequency assay. The lengths of smooth 
swimming tumbly mutant bacteria following stimuli at a time 
at which 95% of the bacteria were smooth swimming were 
compared with the same values when less than 10% of the 
bacteria were still smooth swimming. The former gives values 
for the overall population and the latter for the longest 
responding 10% of the bacteria. The distributions of the 
bacterial lengths are shown in Table 1. Ther@ is no significant 
shift in the distribution of the lengths as recovery proceeds and 
therefore the first alternative must be correct. 


Repeated stimulation of a bacterium 

If the different responses of isogenic bacteria are not related to 
the phase of the cell cycle, it can then be asked whether they 
(1) respond differently because of chance events during or 





Table 1 Independence of recovery times and position in the cell 
division cycle 





Fraction of 
population of 
body length 


Fraction of 
population of 


Body length body length 


(um) indicated indicated 
with > 95% with < 10% 
smooth swimming smooth swimming 

< 1.33 0.00 0.00 
1.33-2.00 0.05 0.05 
2.00-2.67 0.24 0.21 
2.67-3.33 0.32 A 0.33 
3 334.00 0.26 0.28 
4.00-4.67 0.09 0.10 
4 67-5.33 0.04 ' 0.03 

> 5.33 0.00 0.00 





The lengths of ST171 bacterial bodies were measured on projected 
films from the tumble frequency assay!*. 186 individual bacterial 
lengths were measured from photographs at times for which less 
than 5% of the bacteria had recovered from the serine stimuli to 
define the distribution designated >95% smooth swimming. 212 
individual bacterial lengths were measured after more than 90% 
had recovered to establish the distribution in the last column. 
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Table 2 Response times (s) of individual bacteria on repetitive 
stimulation in growth conditions 


Bacterium A B C D E 
Stimulus time (min) 
15 237 224 190 165 136 
30 254 164 126 176 134 
60 > 300 265 191 136 145 
75 > 300 248 217 144 143 
90 > 300 253 172 152 148* 


Average clockwise 


(smooth) response(s) >278 231418 179+15 15547 14143 


‘ Bacteria of strain SL3625, a leaky fla AHI mutant which produces 
small numbers of flagella, were tethered with flagella antibody to a 
coverslip by a modification of the procedure of Silverman and Simon’. 
Bacteria were grown as described!’ except 200 uM p-hydroxybenzoic 
acid (PHBA) was added to the growth medium to improve motility 
(unpublished results of J. Bar-tana, B. Howlett and D.E.K.). The 
coverslip with attached bacteria was used to cover an open temporal 
gradient observation cell of the type described by Macnab and 
Koshland’. The observation cell was previously filled with the wash 
medium to allow a liquid seal to form immediately the coverslip 
was put in place (time 0 min). The behaviour of bacteria in one 
microscopic field at x 500 magnification was recorded on videotape 
as follows. Cells were washed extensively (5 min at 12.7 chamber 
volumes per min) with the growth medium (without pHBA); at the 
times indicated the output line to the observation cell was switched 
to a line containing this same medium +10 mM a-methylaspartate 
anda 15-s pulse of 12.7 chamber volumes of attractant was delivered. 
The resulting immediate long clockwise rotation interval of an individ- 
ual bacterium was measured as its “clockwise response”. After 5 min, 
the line was switched back to medium not containing the attractant, 
and a l-min pulse of 12.7 chamber volumes per minute delivered. 
Each bacterium in the field which was rotating for all stimuli was 
analysed by repetitive playback of the videotape. The doubling 
time of SL3625 in this medium is 112 min. Mean responses are 
reported + 1 s.e.m. 

*Bacterium E divided 20 s after the delivery of the stimulus at 90 min. 


immediately preceding the time of the measurements, that is 
they are long responders at one time but short responders later, 
or (2) whether an individual bacterium is committed for an 
extended period to a certain type of response, that is some 
bacteria are short responders throughout their lifespan. To 
test the response of an individual bacterium over its cell division 
cycle, individual bacteria were tethered to ‘the surface of 
microscope coverslips by antibodies to individual flagella, as 
described before!®. Using this tethering technique, Berg and 
Tedesco’ have shown that individual bacteria can be examined 
over extended periods and that tethered cells differ in their 
chemotactic behaviour. The tethering method permits attractant 
to be delivered and washed out at various intervals which are 
minutes or even hours apart and the response of the same 
individual bacterium recorded over the entire time span using 
videotape. Larsen et al.1® established that counterclockwise 
rotation and clockwise rotation of a tethered cell (observed 
along the axis from the flagellum to the body) are equivalent to 
the tumbling and smooth swimming, respectively, of a free 
swimming cell. 

Table 2 shows the results of repetitive stimulation of five 
tethered bacteria in the same microscopic field with the 
attractant a-methylaspartate. The attractant was delivered five 
times and removed completely between stimuli. The. delivery 
of large stimuli of attractant suppressed counterclockwise 
(tumbling mode) rotation in each bacterium and caused a 
uniform clockwise (smooth swimming mode) rotation for 
several minutes with eventual recovery to intermittent clockwise 
and anticlockwise rotation. All bacteria were observed to 
increase to nearly double their mass during the measurements, 
yet the data show that their individual sensitivities to the 
stimulus were maintained. The same experiment was performed 
with six bacteria in a non-growth medium and these bacteria 
also maintained their tendencies to be either long or short 
responders to a-methylaspartate!*. Thus, whether growing or 
not, individuals retain characteristically different sensitivity to 
stimuli for extended periods and the cells are not continuously 
randomising with respect to their chemotactic behaviour. 
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Relationship of unstimulated to 


stimulus-induced behaviour 

If the bacteria differ in their characteristic recovery times, are 
they also different in some other feature of their sensory 
system? The unstimulated behaviour of tethered cells consists 
of alternating clockwise and anticlockwise rotation intervals 
with each of the two rotation modes terminated by Poissonian 
(random) processes!”. The patterns of individual cells showed 
that the mean clockwise and counterclockwise intervals were 
not. identical for all bacteria. In view of the randomness in 
lengths of clockwise and counterclockwise intervals for any 
individual bacterium, the theoretical standard error of the 
mean was calculated to compare with the empirical s.e.m. 
obtained from actual measurement of the clockwise and 
counterclockwise intervals (Table 3). The good agreement 
between theoretical and empirical values is assurance that the 
amount of data collected to determine the intervals is sufficient. 

On comparison of these spontaneous rotation intervals with 
the response to stimuli (Table 3) an excellent correlation was 
observed. The size of the clockwise response to an a-methyl- 
aspartate stimulus for an individual bacterium depends nearly 
linéarly on its mean clockwise (smooth swimming mode) 
interval in non-stimulus conditions as shown in Fig. 3. The 
size of the anticlockwise interval (tumbly mode) does not seem 
to influence the stimulus behaviour. 

To check this in another way, 82 free swimming cells were 
examined both for the time to the first tumble after temporal 
gradient stimulation with aspartate and for the mean time 
between tumbles for 1 min after the first tumble. Although this 
measurement is less precise than measurements with tethered 
cells (because a particular individual can be observed for only 
one stimulation and for only a short time after the stimulus), 
we found a correlation coefficient of 0.5 between the average 
length of a run and the recovery time. 

These data provide a correlation between the steady-state 
tumbling pattern of individual bacteria and their sensitivity 
and recovery from stimuli. The steady-state pattern of tumbling, 





Table 3 Unstimulated behaviour and smooth responses of individual 


bacteria 

Bacterium F G H I J 

No. of intervals 154 84 186 134 82 

Mean clockwise 

(smooth rotation 

mode) length (s) 2.45 1.93 1.40 1.54 2.97 
Measured s.e.m. 0.28 0.26 0.16 0.19 0.54 
Calculated s.e.m. 0.28 0.30 0.15 0.19 0 46 

Mean anticlockwise 

(tumbly rotation 

mode) length (s) 0.88 1 69 0.80 1.63 0.70 
Measured s.e.m. 0.12 0.25 0.08 0.22 0.16 
Calculated s.e.m. 0.10 0.26 0.08 0 20 Oll 

Mean clockwise 

(smooth) response (s): 211410 152+6 12048 12346 24747 


The experiment was performed by a procedure identical to that 
of Table 2 except: (1) mstead of growth medium cells were washed 
with Vogel Bonner salts + 10-5M EDTA; (2) attractant (10 mM 
a-methyl aspartate) was prepared in Vogel Bonner salts -+ 10-°M 
EDTA;; (3) after the initial wash of 5 min of 12.7 chamber volumes 
per min, a continuous flow rate of | 6 chamber volumes per min was 
maintained throughout the experiment; (4) at 5 min intervals the input 
line was switched between attractant and buffer solutions to give a 
total of six repetitive stimuli. About 2 min of video recordings of the 
bacteria ın periods immediately preceding delivery of attractant were 
examined in slow motion (sevenfold) replays. Keyboard inputs to a 
Data Span 500 paper tape punch with timing circuitry?® were punched 
when the, bacterium being analysed reversed rotation direction for 
at least 1/4 of a full turn. The paper tape containing the reversal 
information and the automatically entered times of keyboard entries 
was processed by computer. The calculated s.e.m. was determined 
with the assumptions that (1) the measured mean is the true mean 
and (2) both clockwise and anticlockwise intervals are distributed 
exponentially!”. Clockwise responses are reported as the mean -+ 
1 s.e.m. 


470 


Ad 
> 


2.0 


Mean clockwise (smooth mode) interval 
length (s) in absence of stimulus 
m 


0 100 200 300 
Mean clockwise (smooth mode) response (s) 


Fig. 3 Unstimulated clockwise (smooth mode)’ rotation related 

to stimulus induced clockwise (smooth mode) rotation. The 

prestimulus clockwise (CW) mean interval length and- the mean 

response were taken from Table 3. Error bars represent 

+ one standard error of the mean. The line 1s a least squares 
fit to the data. 


therefore, is also a feature of the bacterial individuality and is 
retained throughout the generation time of the bacterium. 


Implications of individuality 

Study of individual bacteria in various ways has established 
that a bacterial culture which is genetically homogeneous and 
grown in homogeneous nutrient conditions nevertheless pro- 
duces characteristically different individuals. These individuals 
retain their properties throughout their life cycle, showing that 
the individuality is not a momentary effect of random chance 
bombardments by a fluctuating environment. Moreover, the 
individuality is not a function of position in the cell division 
cycle. 

How could such individuality be produced? A bacterium is 
a small cell. In the process of division and replication of the 
cellular components there may well be certain molecules which 
are present in such low amounts that they are subject to 
Poissonian variation. In general, the standard deviation of a 
Poisson distribution is the square root of n, where n 1s the mean 
number of events. If there are 104 molecules of a particular 
type, the s.d. would be 100 molecules, giving a 1% deviation. 
If, on the other hand, only 100 molecules are produced, a 10% 
s.d. would arise. In many cellular processes less than 100 
molecules participate (for example, there are only 10-20 mole- 
cules of lac repressor per cell? and enzyme cofactor concen- 
trations are extremely low”). In other processes there may be 
more total molecules but their ultimate number may have been 
determined by a small number of generating molecules (for 
example, there are only 6-14 trp mRNA molecules per bacterial 
cell, and each mRNA molecule is translated an average of 
20 times??). Probabilistic fluctuations in small numbers of 
molecules have been discussed as possible causes of bacterio- 
phage burst size variation by Delbriick! and bacterial B-galacto- 
sidase concentration variation by several investigators®—’. 

In the case of chemotaxis, it has been postulated that the 
tumble regulator is produced and destroyed according to 
scheme 2, implying that some enzymes or structural molecules 
control the velocities of the steps represented by vy and vy. Ifa 
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small number of mRNA molecules code for the enzyme which, 
for example, controls the step va, Poissonian fluctuation in the 
mRNA concentration would generate quite different total 
numbers of molecules of this enzyme in different individuals. 
If this affects not only the steady-state tumbling pattern, but 
also the rate of recovery from a stimulus!2, both properties 
would be different from individual to individual over the 
lifespan of the cells. Conversely, if ə particular cellular com- 
ponent were produced in a much larger number of copies 


Va 


> Y (2) 


v 
Wie E 





where X = tumble regulator over a much longer interval, 
Poissonian variation would be relatively small and one would 
not expect much variation in this property from cell to cell. 
The number of copies of an individual cellular component, at 
some crucial period in the life of the cell, would therefore 
determine whether or not that component would contribute to 
the non-genetic variability of the population. 

The existence of such variability leads one to ask whether it 
has some advantage to the organism or whether it is a dis- 
advantage which must be surmounted in the development of 
the species. Although there may be no significant selective 
pressure against non-genetic variability, one can certainly make 
an argument that non-genetic variability aids in the survival 
of a population subjected to widely varying conditions during 
its lifetime. If the bacterium has a single or monolithic reaction 
to a particular chemical gradient, it might migrate as a colony 
into a toxic situation or fail as a colony to be sufficiently 
sensitive to an essential new nutrient. If there were individual 
bacterial variation in a genetically homogeneous population, a 
few fractions of the bacteria might either be supersensitive or 
insensitive. ` These bacteria would normally not survive as 
effectively as the bulk of the more average optimised population. 
They would then have lower survival probabilities in most 
circumstances, an unimportant loss if the main body of the 
colony survived. If, on the other hand, the toxic and lethal 
situations described above arose, a small fraction, on the wings 
of the probability distribution, might constitute the only 
bacteria to survive and would then reproduce the species for 
future generations. Genetic variation would not accomplish the 
same purpose, since selection in a rare toxic situation would 
produce a mutant poorly adapted to the more common condi- 
tions of the environment. The population, however, was 
selected over evolutionary time for survival in all of the widely 
varying conditions of the environment. Thus non-genetic 
variability would be a preferred mechanism for accommodation 
to random fluctuations in the environment and genetic vari- 
ability the preferred mechanism for accommodation to long 
lasting environmental changes. Induction and repression of 
enzyme synthesis reflect intermediate accommodations to 
fluctuations of a lengthy but impermanent type. 

It would be intriguing if certain properties were found to be 
insulated against chance by the large number of copies in the 
cell at all crucial stages and other properties deliberately to 
originate in a small number of starting molecules, to create 
non-genetic diversity. An interesting example may arise in the 
differentiation of individual Dictyostelium amoebae into multi- 
cellular fruiting bodies. This development depends on the 
existence of a small number of early cyclic AMP-emitting 
founder cells which are believed to be genetically identical to 
the other cells in the population which are not early emitters?°. 
The difference between a founder cell and other cells in the 
culture seems to be the result of molecular accidents in the 
cells individual history and this could be explained by a 
Poissonian distribution of properties deriving from small 
numbers of a cellular component as discussed here. Possibly 
over evolutionary time, larger cells and larger individuals were 
selected for decreased non-genetic variability; for example, 
identical human twins are morphologically much more similar 
than twin bacteria, and in higher species the genetic variability 
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carries the main load of ensuring the survival of the species. 
Poissonian variation at early stages in differentiation may be an 
advantage for the species even though ultimately chance is 
eliminated because of large numbers of cells developed in the 
individual. 

Poissonian variation may be the reason for the rapid asyn- 
chronisation of synchronised prokaryotic*4 and eukaryotic” cell 
cultures. If one or more steps leading to growth and cell division 
are controlled by a small number of molecules, then a Poissonian 
distribution should exist and cell cycles would quickly get out 
of phase. In fact there is evidence for individuality in bacterial 
division times? of the type we observe in chemotactic behaviour. 
Also in eukaryotic cells synchrony 1s not maintained even in 
populations selected for genetic homogeneity*®. To explain this, 
Smith and Martin% have proposed that growth of cultured 
cells is dependent on a random event occurring with a probabil- 
ity which is constant for all individual cells in postulated 
“indeterminate” phase ın G, (the “A-state”). As evidence for 
this hypothesis they present generation time distributions 
which are exponential over most of their range. A chance 
external event could explain the probabilistic transition out of 
the A-state, if the Smith and Martin model is correct. Alterna- 
tively, as suggested here, the number of generating molecules for 
an enzyme required for passage through G, could be so small 
that Poissonian fluctuations result in a broad distribution of 
concentrations of this enzyme among the cells. Such a'non- 
genetic individuality would be consistent with rapid asynchro- 
nisation, correlation of sibling generation times?-*’:28 (if the 
enzyme half life is longer than one generation time), and the 
exponential character of the distributions of Smith and Martin. 
If Poissonian variation determines rates of passage through 
G,, or any stage in the cell cycle, cell synchrony over extended 
periods will be difficult to attain. If our explanation is correct, 
a possible approach to obtaining a synchronous cell line would 
be genetic manipulation, for example by episomes, to increase 
significantly the concentrations of the rate limiting enzymes. 


: 
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Biological systems therefore can produce individual non- 
genetic diversity through a few generating molecules which 
determine a property at some key stages of development 
or can ensure against such chance diversity by increasing the 
number of generating molecules to a size which eliminates 
significant internal variation. 
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Observations of X-ray and y bursts 


WE report on some bursts of hard X rays seen in March 1976 
by the Ariel-V scintillation telescope (ST). The timescale of a 
few seconds, the correlation with low energy events seen by a 
proportional counter on the same satellite (ref. 1 and S. J. 
Bell-Burnell, private communication) and a photon energy > 50 
keV, are factors which suggest a connection in origin between 
the gamma bursts of Klebesadel et al.? and the X-ray events 
noticed by Grindlay et al.3. A delayed arrival at high energies 
seems to be an important feature of our observations. 

The Ariel-V scintillation telescope (area 8 cm?, 11° effective 
FWHM field of view) observed in a direction centred on RA 
17h 27 min, dec. —33.5° (1950) during March 8-11 witha broad 
energy channel extending from 50 to 190 keV. Counts from 
0.5-s intervals were stored sequentially in sets (bins) of 16 
locations which were scanned four times before proceeding to 
the next set. Each bin thus contained the superposition of 4 
time profiles, 8 s long. An identical data mode was used for 
the 2-7-keV collimated proportional counter (CPC) of ref. 1. 
Burst sources MXB 1730-335, MXB1728— 34, MXB1743—293 
and MXB1742— 297 were in the field of view of the ST but only 
the first two could be seen by the CPC. MXBI730— 335 is the 
repetitive burster with small events as close as 7 s apart, while 
the others give at the most ~5 bursts d~! (ref. 4). ` 


Four very important proportional counter bursts were 
selected corresponding to those times when the ST data was 
expected to be free of all spurious events (events A, C, E, F 
Table 1), two of which (E, F) are plotted in Fig. 1, together 
with data from the ST. Absolute time is known to+30s and 
this is shown at the beginning of each 32-s bin. In two cases 
the CPC data showed a pulse at least 8 s long; the double 
peaks probably arise from two successive scans. In at least 3 
cases, the ST increase appeared delayed with respect to the CPC 
data. Because of the superposition of scans the delay cannot 
be determined uniquely. Table 1 lists the limits within which 
the delays lie, the significance in s. d. (o) of the ST events, the 
pulse durations and the total energy in erg cm~? assuming all 
high energy photons were at 50 keV. 

In the case of events A and F, the larger of the two figures for 
minimum delay is more likely; the smaller figure results from 
taking smaller, secondary peaks in the CPC data as the associ- 
ated events. Note the tendency for the high energy channel to 
carry at least as much energy as the low energy channel. 
Suggestions have been made for 1.39- and 1.36-h periodicities in 
the intervals between some bursts from this region (ref. 1 and 
Carpenter et al., to be published). Only event A fits such a 
scheme (with a 1.36-h period). 

To relate our work to searches for y bursts, a scan of all the 
suitable March 8-11 data was made to pick out statistically 
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a ees 
Table 1 Data from scintillation telescope and collimated proportional counter on Ariel V 








2-7-keV channel 50-190-keV channel Delay (s) 
Time at start 
of bin (day in Width Width Significance 
Event 1976 March) (s) erg cm7? (s) erg cm~? (o) Min Max 
A 8.7765 8-32 2x107 2.5 24x107 3.7 11.5 or 1.5 59.5 
B 8.9544 4 2.3x10-§& 3.5 41x107 5.4 25 26.5 
C 9.1656 8-32 1.8x107 30 22x107 3.3 0 28.0 
D 9.4869 3 2.5xX10-§ 65 43x107 6 3.5 27.5 
E 10.9419 4.5 5.2x10-§ 2.5 2.7x107 5 3-4 34.3 
F 11.0819 3.2 1.4x107 1.6 29x107 6.5 72 or 3.8 37.2 





significant increases in 32-s intervals. Five such events were 
identified, corresponding to a rate of one every two hours with 
a significance such that the total chance probability of getting 
such increases in the data set was 10-*. Two were events 
previously selected (A, F) and a further two, B and D, are 
added to Table 1 (B is also shown in Fig. 1) with correlated 
CPC data where any increase can only be in the 3-40 region. 
To compare with previous y-burst measurements we assume 
the typical burst spectrum of ref. 5, integrate all the energy > 25 
keV and correct the rate for the telescope solid angle by assuming 
(a) the sources are isotropic and (b) the sources are distributed 
according to the density of mean galactic matter. These two 
rates are shown in Fig. 2, along with Vela, Imp-7 and the 
balloon data of Bewick et a/.*. The balloon search only included 
the galactic disk between longitudes 70°-230° within its field 
of view. It is clear that at some times at least, ‘X-ray’ bursts, 
which could equally well be classified as small ‘y bursts’ in 
the 10-*-10-6 erg cm~? energy range, are far more likely to be 
seen from the certain regions in the galactic disk than from 
elsewhere, a conclusion already suggested by Bewick et al. We 


Fig.1 Time profiles of three events showing scintillation 

telescope (ST) (top) data (50-190 keV) and collimated pro- 

portional counter (CPC) (bottom) data (2-7 keV) plotted on 
same timescale. 


Event B 


PO Pii 








5022.894 32.903 32.912 22921 22'930 22.939 
40] Day no. 68 
= 30] 
2 20. Event E 
E 101) pu he 
a sy 
2 6 
5 4, 
gea hee deals 
Hilma 
22 EE. 22602 22.608 22613 22.619 22.625 22 630 
80 | Day no 70 
70: 
60- 
50- 
404 
a | Event F 
a 
6! 
3 rana ii 
onnl PPh 
- A EEA A RA, 
1.957 1962 1.968 19733 1979 1985 1991 
Day no 71 
Tıme (UT) 


have insufficient data at present, however, to compare the 
results with the prediction of a globular cluster origin (compare 
with ref. 3). Although we cannot measure the energy spectrum 
with Ariel V, one notes that Grindlay et al.3 found an exponential 
fit to their data with kT hardening from 5-20 keV. Thus it is 
possible to regard y bursts as being particularly ‘hot’ X-ray 
bursts. Since, however, Lewin et al. saw no apparent hardening 
with time of bursts from MXB1730-335, it is clear that there is 
more than one source mechanism, or variant of the mechanism, 
at work. Also our events may not arise from this repetitive 
burster. 

The importance of the spectral hardening with time has 
already been discussed by Grindlay et al.3 who saw kT increase 
to 20 keV, but we have shown that at Jate times and for some 
events, the energy can reside almost entirely in > 7-keV photons. 
Their suggested mechanism, involving Inverse Compton 
acceleration of an initial low energy pulse, requires an optical 
depth > 1 and is unlikely to fit the acceleration (by a factor > 
10) req\sred by our observations, which consequently greatly 
increases the optical depth necessary. Let us instead think in 
terms of variants of a mechanism in which gravitational energy 
is transformed by a shock to an optically thick plasma emitting 
by a thermal process. Suppose at first that the shock is travelling 
between a companion star and a compact object, mass M, by near 
free fall in the gravitational field in a comparatively rarified 
medium, from an initial position Ry» (units of 10®cm). 
Individual particles behind the strong shock can reach a 
thermal energy E < (1/4)?4m,U? if the relative downstream 
velocity is randomised, for shock velocity U in the rest 
frame, position Rs, away from the compact objéct 





8.7x 10 
Then E= ey Mo me eV) (1) 
and X 
TEE Rat- Ai | © (2) 


is the time travel between Rọ. and Ry. If the object is a neutron 
star with magnetopause ~ 0.2 R, it is possible by free fall to 
get temperatures ~ 50 keV outside the magnetosphere. Equation 
(2) yields, however, a minimum delay between attaining 7 keV 
and 50 keV of 1.7(M/Mo) s, while the delay between 2 keV and 
7 keV is 9.9(M/Mo)s. Thus tt is difficult to explain observations 
where the low and high energy pulses are of comparable width 
unless a dramatic slowing of the shock by accreting material can 
be invoked. Increased energy in the higher channel does follow 
naturally from this mechanism, however. 

Another possibility is to suppose that penetration of the 
magnetosphere by a large mass of transferring material occurs 
by some convection process (see ref. 4). Then this is followed by 
gravitational fall on to the neutron star atmosphere where the 
shock occurs to thermalise the energy. One must further suppose 
that deeper penetration at later times connects the material to 
different atmospheric conditions where the energy gets shared 
among fewer particles and hence a higher temperature results. 
Any short term periodicity (tens of seconds) can perhaps be 
related to the magnetosphere spin while long term periodicities 
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Fig. 2 Burst occurrence rates derived from our experimental 
results, for two source distributions; a, isotropic and b, galactic. 
Also illustrated for reference are the Vela (——) and Imp-7 
(----) size spectra. c, From Imperial College balloon data. The two 
straight lines are extrapolations of the Vela/Imp-7 data assuming 
either d, 17? law or e, [~! law. All rates have been normalised to 
Vela observation period July 3, 1969-December 23, 1973. 


(~ hours) could depend on the orbital period of the companion 
~ 4x 10 cm away. 

We thank Dr S. J. Bell-Burnell for supplying advance 
information from the CPC experiment and the CPC data in 
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Positions and evidence for a 
steady component for X-ray burst sources 


DURING observations of the galactic centre region with the 
Ariel V RMC experiment we have observed X-ray flux from 
two sources within the error boxes for the burst sources MXB 
1730— 335 and MXB 1728 — 34. The observations were made in 
RMC mode and represent integrations over periods of about 






473 


one satellite orbit (100 min). This is distinct from the time mode 
used for the observations described in a companian paper (to 
be published) in which the time resolution is 32s but with 
which no spatial resolution 1s possible. 

The two sources were each observed at various times during 
the period 1976, 28 February to 8 March. The positions of 


_ these sources are 


(1) Qi1950 = 17 h 30 min 14s Siss9 = — 33° 21 

(2) O1950 = 17 h 28 min 29 s 81950 = — 33° 48’ 

each with an error circle radius of 2’. Position (1) lies wholly 
within the original error box! for the burst source MXB 
1730—335 and overlaps the improved error circle given by 
Hearn? (Fig. 1). MXB 1730—335 is known to produce a rapid 
succession of bursts with an integrated intensity? of 1.7x 107° 
erg cm~? s™ (1.5-20 keV). Lewin et al. place an upper limit of 
twice this level on any non-burst activity from the source®. The 
intensity of the source which we observe corresponds to an 
energy of ~3x10-°ergcm~*s~ over the range 1.5-20 keV, 
although this represents an extrapolation from the 2.9-7.6 keV 
range in which our abservations were made. Thus the observed 
intensity is consistent with the reported burst activity, probably 
together with a steady non-burst component of about one half 
of the level of the upper limit found by Lewin er al. Thus the 
position quoted above almost certainly represents an improved 
determination of the position of MXB1730—-335. We note that 
the star cluster observed by Liller lies close to the centre of our 
error circle. 


MXB1730-335 






Ariel V (1) 
Se 
a 
2-33 St-obyect 
2 
a. 
-340 
263.0 262 5 262 0 261.5 
RA (1950 0) 


Fig. 1 90 per cent confidence error circles for the two sources 

reported here shown relative to the SAS-3 burst sources. The error 

circles should be shewn as ellipses extended by 15% in the E-W 
direction. 


The position of source (2) lies within the 18’ radius error circle 
of MXB1I728—34 (unpublished). Only four bursts have been 
reported from this source, with a probable time between bursts 
of ~5 h. Each burst lasted only for a few seconds and the mean 
integrated flux associated with the bursts ıs at least two orders 
of magnitude lower than in MXB1730—335. The intensity of 
source (2) integrated over one orbit was typically similar to that 
of source (1) although it was rather more variable. Thus there 
is no question of the observed flux being the integral of bursts 
of the type which have been reported for this source. If the 
source (2) represents flux from MXBI728— 34 then it must be 
due to a non-burst background emission. 

We note that the position of source (2) lies close to the error 
box of the Uhuru source 3U1727— 33. There is evidence for a 
source at position (2) in data collected ın February-March, 
1975, but we have found no evidence for flux from within the 
error box of 3U1727— 33. Thus ıt is likely that 3U1727— 33 lies 
outside its error box at position (2). 


474 


If 3U1727—33 and MXB1728—34 and our source (2) prove 
to be the same object then it will provide a useful clue to the 
nature of burst sources as 3U1727—33 has been shown to 
exhibit a periodicity indicating a ‘slow rotator’ type of source. 
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Observations of X-ray bursts | 
from the vicinity of 3U1727—33 


ARIEL V experiment C observed the region of sky near 
3U1727—33 between March 8 and 10, 1976 and again between 
March 24 and 25. The experiment? consists of a multiwire 
collimated proportional counter with a field of view of 3.5° 
FWHM. The experiment is, however, offset from the spin 
axis of the satellite by 1.75°, so the effective field of view per 
spin cycle (4-5s) is a Gaussian-like curve of 5.0° FWHM 
centred on the spin axis. The field of view during the present 
observations included the positions of 3U1727—33 (ref. 2), 
MX1716—30 (ref. 3) and two recently discovered burst 
sources, MXB1730—335 and MXB1728— 34 (ref. 4). 
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Table 1 Data accumulated by experiment C on the Ariel V satellite 





Time of burst Intensity 
(March 1976) (x10-%erg „Tıme resolution 
(d) cm?) (s) Notes 
(1) 8.7764 20.0 32 
(2) 8.8910 5.2 32 Probably two 
pulses but 
8.8914 14.0 32 maybe one. 
(3) 9.1655 18.0 32 
(4) 10.3487 13.6 20 One long pulse 
or two close 
together. 
(5) 10.6251 4.0 0.5 
(6) 10.9420 5.2 20 
(7) 11.0820 14.4 20 
(8) 24.7959 8.0 20 
(9) 24.8462 6.4 20 
(10) 24.8513 4.4 20 
(11) 24.8539 18.0 20 
(12) 24.9885 12.4 20 
(13) 25.2432 6.4 0.5 
(14) 25.2494 11.2 0.5 
(15) 25.3097 16.4 0.5 
(16) 25.3170 18.8 0.5 
(17) 25.3774 8.8 0.5 


Bursts listed above with 0.5-s time resolution are included because 
they are sufficiently strong to have exceeded the threshold set for 
detection with a 32 or 20 s accumulation interval. Numbers 15 and 16 
can be seen in the lowest panel of Fig 1. 


Observations were made with a time resolution of 32s, 
20 s and 0.5 s in the 2-7 keV energy band. The mean counting 
rate from all the sources in the field of view, plus background, 
was ~ 12 counts s~? (the detector records ~ 100 counts s~4 
from the Crab Nebula ın the same energy band). 

The X-ray bursts seen by the ANS (ref. 5) and SAS-3 
(refs. 4, 6) satellites generally last for of the order of a few 


Fig. 1 Four orbits of experiment C data accumulated ın 1-s intervals. The time of the beginning of each data record is given in days from 

the beginning of March 1976. The abscissae are giaduated in 1-mın intervals. The flux 1s plotted as experiment C 2-7 keV counts s~ with 

no aspect correction. On the same scale the Crab Nebula would register 100 counts s~} when aligned with the satellite spin axis. The field 
of view is occulted by the Earth towards the end of the records marked MAR 10.62 and MAR 10.69. 
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Fig. 2 Power spectra of the data shown in Fig. 1. Peaks near 20 s, 


plus their harmonics, are marked with vertical bars. The peak caused by 


the spin modulation 1s marked by a vertical bar with the symbol ‘S’ above 
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Fig. 3 The phase of bursts with respect to the folding period, P, ts plotted against their arrival times (see text) Well defined burst trains 
are marked with straight lines. 


seconds only, shorter than the 20 and 32s accumulation 
intervals. The Arie] V data taken at these time resolutions can 
therefore only distinguish relatively intense or long lasting 
bursts. A threshold of 8 counts s~ above the mean count rate 
was set as a criterion for identifying accumulation intervals 
containing such bursts. During a total of 17 h actual observing 
time, 17 of these events were recorded The strength of each 
burst and the start time of the accumulation interval in which 
it was seen are listed in Table 1. Carpenter et al.” have found a 
series of bursts originating from within the 17 ° FWHM field 
of view of experiment A which recur every 1.39 h. Using their 
epoch and period (G. K. Skinner, personal communication) 
we have computed the expected arrival times of bursts in the 
sequence for the experiment C observing intervals. None of the 
e 


events listed in Table 1 coincides with the times predicted by 
the sequence, whereas we should have observed 11 of these. 
The nearest, event 12 in Table 1, occurred 5 min later than the 
time predicted by the experiment A data, well outside the 
jitter observed by Carpenter et al.”. We note, however, that the 
first five events recorded by experiment C, which span an 
interval of 1.9 d, can be fitted by a period of 1.35h with a 
jitter of +5°%. One other event in the sequence should have 
been seen during the above interval and was not. Experiment A 
cannot collect data when experiment C is in a high time 
resolution mode, because of limits on spacecraft data storage, 
so two interpretations of the observations are possible: either 
the periodic bursting source seen by Carpenter ef al.” changed 
its mode of behaviour during the experiment C observing 


476 


periods or, more likely, the source lies outside the field of view 
of experiment C. , 

Examples of the data taken by experiment C at a time 
resolution of 0.5s are shown in Fig. 1, accumulated in 1-s 
bins. The data show many significant bursts (> 3 s.d.) super- 
imposed on the d.c. level of ~ 12 counts s~ Most of the 
bursts last only a few seconds, but some persist for up to 
~ 20s. The longer lasting bursts show clear evidence for spin 
modulation (period 4-5 s) indicating that they originate from 
a source which is offset from the spin axis of the satellite 
(RA 17h 28 min, dec. —33.5°). The depth (~ 25% peak to 
mean) and phase of the modulation are consistent with the 
position of MXB1730— 335 (refs 3,7). On the other hand, the 
d.c. count rate shows no evidence of spin modulation and 
must originate primarily from a source close to the spin axis, 
probably 3U1727—33. The level of burst activity clearly 
diminishes following the longest bursts (for example the data 
beginning on March 25.31). This behaviour is reminiscent of 
the correlation between the size of bursts and their separation 
reported by Lewin‘. It also suggests that both large and small 
bursts originate from the same source. 

The spacing between many of the bursts in Fig. 1 is similar. 
This is confirmed by the power spectrum of each ‘of the four 
data sets. These are shown in Fig. 2. In each case there is a 
well defined peak at a frequency corresponding to a period 
~ 15-20 s, with further peaks at the harmonics of this frequency. 
Note, however, that the primary peaks come at a different 
frequency in each of the four data sets. A peak is also seen at the 
spin period of the satellite and is marked by the symbol ‘S’. 
This corresponds to the spin modulation noted earlier. 

To further investigate this behaviour we have folded the 
arrival times of the bursts on a period close to that given by the 
power spectra in Fig. 2. We then plot the phase of the burst 
against its arrival time as shown in Fig. 3. On these diagrams, 
bursts which recur at the folding period lie on a horizontal 
line. Bursts which recur at a period slightly different from the 
folding period will lie on diagonal lines. It is evident that the 
bursts observed come in groups within which the separation of 
pulses remains approximately constant, the typical r.m.s. 
jitter being ~ 5%. Transitions from one group to another, at a 
different phase and/or period, occur on a time scale short 
compared with the length of pulse trains. 

In summary, therefore, we have observed, probably from 
MXB1730—335, sequences of periodic bursts which maintain 
their phase and period for several cycles and then may change 
abruptly in either phase or period. Longer lasting bursts: (of, 
the order of the separation of small bursts) are followed by 
relatively quiescent intervals. The abrupt changes in phase 
and period suggest that the burst trains are not produced by a 
rigid dynamical system such as a rotating star or orbiting 
stars; rather that they represent a characteristic oscillation 
period in the X-ray production mechanism or orbital motion 
in some non-rigid system such as an accretion disk. With 
regard to the latter possibility, and in view of the suggested 
identification of MXB1730—335 with a globular cluster®? 
we note that a time scale of ~ 20 s is the inner orbital period of 
a ~ 10°'Me black hole (t ~ 0.1M s y/10?Mo(s)). 
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The radio tail galaxies in Abell 1314 


THE study of radio tail objects is important to our understanding 
of extragalactic radio sources because the tail morphology 
allows inference of the temporal evolution of ejected radio 
components. Furthermore, with increased understanding of 
these objects, it may be possible to use radio tails as probes of 
extragalactic space ın clusters of galaxies. All published models 
of radio tails require some form of streamlining resulting from 
the relative motion of the parent galaxy and the medium pro- 
ducing the tail shape. Therefore, to constrain the relevant 
dynamical quantities, we have obtained radial velocity measure- 
ments for 18 galaxies in the vicinity of A1314, including the two 
radio tail objects, IC708 and IC711. 

The data were obtained with the Cassegrain spectrograph and 
RCA 33063 image tube camera mounted on the Steward 
Observatory 90” telescope. The dispersion used was ~240 
A mm™, which allowed redshift measurements using the H and 
K lines ‘of calcium, as well as, in some cases, the 3,727 A and 
5,007 A lines in emission. The results of these measurements, 
using the one-dimensional Grant Measuring Engine at the Kitt 
Peak National Observatory, are listed in Table 1. 

Assuming all galaxies observed are cluster members except 
number 3 and number 19, we derive a mean cluster velocity of 
10,160 km s~ and, assuming Hy = 50 km s~! Mpc-, a distance 
of 200 Mpc. 

The radial velocity dispersion of the cluster, o, is 708 km s~+ 
and the total dispersion, or, is 1,226 kms. 

Both radio tail galaxies, IC708 and IC711, have radial veloci- 
ties fairly near the cluster mean 


(<v> — v icv = 1/3 © 
(<v>—vy)iem 1/2 0 


and, considering their proximity to the cluster centre, we there- 
fore conclude that both galaxies are cluster members. 
Confirmation of the cluster membership of 1C711 strongly 
implies that in situ acceleration must be important in its radio 
components, as suggested by Vallee and Wilsont. A model 
predicting such acceleration was suggested by Pacholezyk and 
Scott”. Using the radial velocity data we may place strict con- 
straints on the amount of acceleration necessary in IC711 and 
I1C708, and, therefore, test the available radio tail models. 


Table 1 Spectrographic measurements (see text) 


Heliocentric 
a (1950) 8 (1950) ae 
Galaxy (h min s) ( ) (km s~) 
1 11 29 26 +49 17 10 9,363 
2 11 29 51 +49 23 08 10,097 
3 11 30 46 +49 30 54 318 
4 1C708 11 31 16 +49 20 17 9,613 
5 IC709 11 31 3] +49 19 09 9,549 
6 IC711 11 32 03 +49 13 57 9,724 
7 IC712 11 32 06 +49 21 14 10,054 
8 11 33 Ol +50 00 52 9,727 
9 11 33 22 +49 43 38 9,467 
10 11 33 49 +49 24 29 11,223 
11 11 33 54 +49 20 23 9,641 
12 11 32 59 +49 04 49 11,179 
13 11 33 04 +49 25 39 9,870 
14 11 32 47 +49 23 00 11,307 
15 11 33 01 +49 26 34 10,454 
16 11 29 26 +49 16 13 9,863 
17 11 30 06 +49 22 34 11,251 
18 11 30 34 +49 33 38 3,180 
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Assuming that the space velocity of IC711 relative to the 
cluster medium is or, the angle between the velocity vector of 
this galaxy and our line of sight is 70°. In this case the radio tail 
is ~ 900 kpc long. Using these values for the galaxy velocity and 
tail length with Vallee and Wilson’s estimate of the magnetic 
field (H = 4x 10-* gauss) we may estimate the importance of 
in situ acceleration for this radio tail. 

From the equations for energy loss due to inverse Compton 
and synchrotron emission? we calculate the e-folding decay 
time, ż, for the energy of particles in the tail. Dividing the tail’s 
length by the estimated velocity of the galaxies with respect to 
the centre of the cluster gives 7, the length of time that particles 
emit detectable energy*. Then the ratio N = 7/t is a measure of 
the effect of in situ particle acceleration in the radio tail. For 
IC711 we find N~ 20, a typical value from the Pacholezyk and 
Scott? theory. For IC708 a similar calculation yields N~4. 

. From our spectroscopic study of galaxies in Abell 1314 we 
conclude that both reported radio tail galaxies are cluster 
members, and that in situ acceleration (with a magnitude con- 
sistent with Pacholezyk and Scott’s? model) is an important 
effect in their radio components. 
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White dwarfs, the Galaxy 
and Dirac’s cosmology 


AN apparent absence, or deficiency, of white dwarfs fainter 
than ~10~Lo has been noticed for a long time. Often 
attributed to incomplete statistics for the coolest, faintest 
objects®3, this deficiency has nevertheless not been removed 
even after the most persistent spectroscopic surveys by 
Greenstein*® (see also Liebert*). Moreover, Jones’s’ analysis 
of reduced proper motions for the very faint proper-motion 
‘stars observed by Eggen and by Luyten tends only to confirm 
the deficiency. If real, the lack of very faint white dwarfs may 
have its origin in a rapid drop of the internal heat content of 
the white dwarf as a result of ion crystallisation and of envelope 
convection when the star becomes sufficiently cool (see 
Greenstein’ and. Van Horn and references therein). But perhaps 
it will eventually prove to be difficult, as Lamb and Van Horn? 
have already found, to increase the cooling rate by a sufficiently 
large amount to account for all the deficiency. Another 
explanation is, proposed here on the basis of Dirac’s!°—2 
cosmological hypothesis that the gravitational constant, G, 
varies with the elapsed time since the beginning of the expansion 
of the Universe as ¢~ and the number of particles in the 
Universe increases as £? (if the measurements are made in 
atomic units). For a white dwarf, the Chandrasekhar mass 
limit is a collection of fundamental constants proportional to 
G~—/2, and therefore increases with time as f°/%. In the ‘additive’ 
version of Dirac’s theory, the actual mass, M, of a relatively 
small object like a star remains essentially unchanged by the 
creation of new matter in the Universe, and so a white dwarf 
becomes ‘more stable’ as time goes on. But, in the ‘multiplica- 
tive’ version of his theory, M increases as f? and may eventually 
exceed the Chandrasekhar limit. If so, gravitational collapse of 
Ld 
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the white dwarf into an invisible black hole or neutron star 
will quickly ensue. Since some possible empirical support has 
already been adduced for the multiplicative theory, although 
not for the additive theory*—"’, it is interesting to determine 
whether the multiplicative theory may also have something to 
do with the apparent deficiency of faint white dwarfs and 
whether there are any possible consequences for galactic 
evolution. 

First it is necessary to evaluate what would be the luminosity 
of a white dwarf (assumed to be in hydrostatic equilibrium) if 
the formal change of internal energy and gravitational potential 
energy of the star arising from the creation of new matter is 
available as free energy partly to raise the heat content of the 
star and partly to be radiated away at the surface, and is the 
sole source of visible luminosity. The changes of G and M are 
assumed to be given by 


G(t) = Golt/t]> (1) 
and 
MÀ) = Miltltol? i (2) 


where the subscript 0 refers to the present epoch. Although 
these expressions give an undesirable zero mass and infinite 
G at t=O, they are only needed at comparatively large 
fractions of fọ at which times they may serve as suitable 
approximations for the .present purpose (Van Flandern’s'® 
observed value for the residual secular acceleration of the 
Moon, interpreted as being carried by a decrease of G, is 
consistent with equation (1) for tp = 12x 10° yr). The mass- 
radius relationship'® relevant to most of the appropriate range 
of white-dwarf masses is approximately 


2 1 
G |R M 
— | — | — 3 
The luminosity follows from evaluating the rate of change of 
total (internal plus potential) energy 


dl Gm? 
L= aE R | . (4) 


where B extends from 3/7 to 0, for masses ranging from very 
low values to values close to the Chandrasekhar limit, respec- 
tively; B may, however, be held constant here. The result is, at 
the present epoch 





L = 3BGM?/Rty : (5) 


For a typical white dwarf -with M = 0.8 Mo, R = 107-?Ro, 
and B = 0.4, and for an approximate age for the Universe of 
to = 12x10° yr (refs 16, 19), the expected luminosity is 
L = 0.2 Lo. (An analogous derivation for main-sequence stars 
shows that the ‘extra’ luminosity is insignificant, except for 
the faintest main-sequence stars; in general, it will be negligible 
for any star whose Helmholtz—Kelvin time, GM?/RL, is short 
compared with fo.) , 

Since so high a white-dwarf luminosity is in serious conflict 
with observations?, it may be concluded either that Dirac’s 
theory is untenable, or that the radiation (and ‘heating’) 1s of 
an unknown type, or that the process of creation of new matter 
requires a corresponding supply of energy. For lack of a better 
alternative, I shall simply assume that the ‘extra’ energy some- 
how goes into work done creating the new matter and that the 
ordinary rates of stellar energy generation should be used to 
determine stellar temperatures and luminosities. Therefore, at 
least in its macrosçopıc effect, the process of creation is assumed 
to be a collective phenomenon involving the whole mass of the 
star; but this. may be an unavoidable requirement of the 
multiplicative theory anyway, since Dirac!” has already pointed 
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out that, in the case of the Earth, new atoms may have to form 
at the surfaces, rather than in the interiors, of rock crystals. 
In the case of gaseous stars, I shall follow Dirac in assuming 
that new atoms emerge with the same basic properties, that is, 
species, state, and general location, as the existing atoms. 

To proceed further, simple physical assumptions about the 
structure and luminosity source of white dwarfs will be adopted 
here: (1) Chandrasekhar’s'® classic mass limit of 1.44Mo for 
a white dwarf at the present epoch; (2) Mestel’s®° simplified 
cooling theory of white dwarfs, as presented by Schwarzschild?!; 
and (3) an average mass of 0.8Mo for young (recently formed) 
white dwarfs. How this average mass has varied in the past is 
not easy to determine, but a good assumption is that ıt' has 
been proportional to G—*/2, since most critical stellar masses in 
astrophysics, such as the approximate upper and lower mass 
limits of ordinary stars??:?°, have this proportionality. 

Schwarzschild’s®! standard relationship between the lumin- 
osity, L, of a white dwarf and its isothermal core temperature, 
T, is í 

L = KGMT’*’ (6) 


where K is a constant depending on the chemical composition 
of the radiative envelope. The luminosity of the white dwarf is 
supposed to be supplied solely by thermal cooling of’ the 
non-degenerate ions; the basic equation of thermal equilibrium 


is given by 

yn 3" | D 
whose correct integrated form is 

L= -ql jaru i (8) 


Solution of equations (1), (2), (6) and (8) for the core tempera- 
ture can be simplified by assuming that the initial temperature 
is ‘infinitely’ hotter than the present temperature Then the 
time, £ft, at which the white dwarf actually formed is found to 
be given by 


tejto = exp(—Fe/to) (9) 


where 
ty = [347 es L) (10) 


and all quantities in parentheses are evaluated at the present 
epoch. Note that fa is simply the classical cooling time that 
would apply if G and M remained constant in time. For the 
brighter luminosities characteristic of most of the observed 
white dwarfs, the revised cooling times are not much different 
from the classical cooling times and therefore do not destroy 
the approximate agreement with observations already achieved?. 

The most recent period at which a white dwarf with mass 
typical of its epoch could have formed to reach the 
Chandrasekhar mass limit at the present epoch follows from 
0.8(tr/to)®/? = 1.44(t/to)? and ‘is tr = 0.31%). Substitution of 
this result into equation (9) yields te = 1.2t5, which may be 
directly entered into Schwarzschild’s? Table- 27.1 for the 
classical cooling times of white dwarfs as a function of their 
luminosities, if his cooling times are multiplied ‘by a factor 
1.3 to correspond to a mass of 1.44 Mo and by another factor 
0.3 to convert from a predominantly helium ‘core composition 
to a more probable carbon core composition. With fọ = 12x 
10° yr, a value of L = 2x10-*Lo is found for the present 
luminosity of an ‘average’ white dwarf that has cooled for 
to—tt = 8x 10° yr. Older white dwarfs would long ago have 
faded into invisibility through gravitational collapse. (Some 
older white dwarfs of smaller-than-average initial mass would 
still be visible, of course ) Most younger white dwarfs would 
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not yet have collapsed. It is interesting to note that most of the 
old white dwarfs with high space velocities!:*** have large 
photometrically implied masses. Could some of these objects 
be on the verge of gravitational collapse? Accurate measure- 
ments of the surface gravities of the oldest white dwarfs will be 
necessary to determine whether these stars are, on the average, 
heavier than the brighter objects. Noticeable differences are 
expected to occur only for L< 10™Lo. 

Allowance for a probable initial spectrum of white-dwarf 
masses, for the uncertainty of the adopted chemical compo- 
sition, for known corrections to the classical white-dwarf mass 
limit, for various inadequacies of the white-dwarf cooling 
theory used here, and for the uncertainty of the adopted age 
of the Universe leads only to a general order of magnitude 
of 10— to 10-4Le as the predicted cutoff luminosity for most 
white dwarfs. This prediction seems to be in as good agreement 
with the available observations as could be expected. 

The earliest generation of stars in the Galaxy probably 
formed within one galactic’ rotation period after the onset of 
collapse of the protogalaxy®®. At the present time, this period 
in the outer galactic regions near the Sun ıs 2x 108 yr, but, in 
Dirac’s theory, it must be scaled down as f¢, since the rotational 
velocity stays at the same fraction of the speed of light while the 
radius of the Galaxy changes as fr. The first white dwarfs could 
have originated about one main-sequence lifetime (which also 
scales as t—see below) after that era. Since the collapse of the 
protogalaxy could have begun as late as 0.25f, (ref. 19) the 
foregoing stellar formation time scales are seen to be relatively 
short in comparison, and the first-generation white dwarfs can 
therefore be expected to be, at the present time, invisible black 
holes or neutron stars with typical masses of >1.6 Mo. 
Consequently, simple counts of observed stars in the solar 
neighbourhood will, if uncorrected for cosmological effects, 
lead to errors ın the extrapolated numbers and masses of dead 
stars formed since the collapse of the protogalaxy. (The present 
discussion will ignore the probably small contribution to the 
mass of the Galaxy from black holes and neutron stars that 
have formed as direct end-products of normal stellar evolution.) 

At first sight, it may seem that a gross underestimate must 
have been made in the standard extrapolation for dead stars”. 
That this is not so can be seen upon the following reflection. 
Consider the average properties of typical bright main-sequence 
stars that give rise to white dwarfs. Their average main-sequence 
lifetime, tus, at any epoch f may be regarded as short compared 
to f (since it is known to be short at the present epoch and it 
will be shown that fms/t remains approximately constant in 
time). Then their birthrate follows simply as dNms/dt = 
Nms/tms, Where Nuys ts the number of such stars present in the 
Galaxy at time ¢. The next task is to evaluate fms = gEM/L by 
noting that g, the mass fraction of hydrogen ‘eventually con- 
sumed in the star?*, and E, the energy released per gram of 
material, are independent of t, while the average mass, M, of 
these bright main-sequence stars at the time of their formation 
(like all critical stellar masses) probably varies as G~*/?0c 3/2 
and their luminosity, L, scales as GM? (electron-scattering 
opacity) or as G7M® (Kramers opacity). In either case Loc t!?. 
Certainly the evolutionary change in L/M can be neglected, 
both because fys<t and because this change will in any case 
be small (Gœtt, Moct?, and hence L/M~ constant). It then 
follows that tyusor. Next, the crude assumption is made that 
the ratio of the total mass in the form of bright main-sequence 
stars to that of interstellar gas in the Galaxy remains approxi- 
mately constant after the collapse of the protogalaxy (anticipa- 
ting the final result that the permanent loss of gas now tied up 
in dead stars ıs small). It then follows that Nus“f/2, since the 
mass of the average bright star when it forms varies with the 
epoch as r*/? whereas the total mass of interstellar gas in the 
Galaxy increases as r?°. The birthrate of bright stars becomes 
dNus/dtoct—/2, 

The deathrate of these stars may be assumed to be equal to 
their birthrate, so that the rate of addition of mass in the form 
of new white dwarfs to the Galaxy is 0.8Mo(t/t,)*/? times 
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(dNuts/d£) (t/t) ">. The rate of growth of the masses of dead 
stars that have already formed follows from equation (2) as 
2Mgeaa (t)/t. The sum of these two terms yields the total rate 
dMscre(t) _ 2Macadl) . 9 gay, kd t ab 
dt t sto 





dt 


By setting Maeas (t) = 0 at t = t; (corresponding to the end of 
the collapse of the protogalaxy) and by noting that the quantity 
M dcaa” = 0.8Mo(dNms/dt) of (12) 


is the result of the standard extrapolation for dead stars, the 
solution of equation (11) is 


Macaalt) = Mecaa*[t/to]*In(¢/ti) (13) 


At the present time, Mueaa = Maeaa* In(to/fi). Dead stars that 
formed at any time earlier than te = 0.311) will now, however, 
be invisible objects rather than white dwarfs. If the total mass 
of dead stars at time fr is multiplied by (¢/t;)?, it follows that 
the present total mass of collapsed objects alone is Mcoitapsed = 
Macaa In(t:/ti). Further, the present total mass of white dwarfs 
alone is found to be Mwp = Maeaa* In(to/t:), which is not 
significantly different from Maeaa*! 

With reasonable choices for the collapse epoch, say ti/ty = 
0.25—0.01, the sought-for result is finally obtained: Meeaa/ 
Macaa* = 2-5 and Meottapsee/Mwo = 0.2-3. These are 
modest values. Therefore, in the framework of Dirac’s multi- 
plicative theory, there is no special mechanism to produce the 
vast numbers of black holes or other dead stars that are 
sometimes suggested to compose the ‘missing matter’ in the 
solar neighbourhood and in the galactic halo. 

The predicted paucity of stars during the past history of the 
Galaxy arises from the smaller galactic mass then, and implies 
that the Milky Way must have been considerably dimmer than 
it is at present. Most of the luminosity may be assumed to 
have come then (as now) from the few brightest stars. Assuming 
that these stars form with masses in proportion to G—*/? leads, 
as above, to Lot’? and Norentert/?, so that the total 
luminosity of the Galaxy, Norigntes: L, is found to rise as t 
(but its colour probably changes relatively little with time). 
Thus, at the end of the original collapse phase of the Galaxy, 
after the initial metals abundance had been produced and 
supermassive stars were no longer being formed, the Milky 
Way would have been only 0.01-0.25 times as bright as it is 
today ceteris paribus. It could have been even fainter if the 
upper end of the allowable range of stellar masses were under- 
populated when the galactic mass was small (an effect observed 
today in external galaxies of small mass). But, if the mass of 
the Galaxy had not been varying along with G, the Milky Way 
would have been brighter in proportion to £7! in the past than 
it is today. Observations of distant spiral galaxies may eventually 
be able to discriminate between these various evolutionary 
models. 

I thank V. Canuto and C.-w. Chin for discussions. 
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Extraction of metals 
from basalt by humic acids 


IN many studies, the activity of humic acid in weathering and 
other geological processes has been considered negligible. Only 
simple, low molecular weight organic acids are usually con- 
sidered effective in mineral degradation’. Those acids, however, 
frequently constitute only a minor fraction of the soil organic 
matter, particularly in semi-arid and arid areas. In Israel, fulvic 
acid/humic acid ratios in the organic matter of major soil types 
range, with one exception, from 1.5 to 6 (ref. 2). Humic acids 
are also well represented in the organic matter of many sedi- 
ments**. The effect of these high molecular weight compounds 
on mineral decomposition and metal dissolution 1s therefore of 
great interest in the earth sciences. The results presented here 
suggest that humic acids also may have a significant role in 
rock solubilisation and weathering, because of their capacity 
to extract considerable amounts of metals, particularly copper 
and zinc, from basalt rock. 

Though the part played by fulvic acids and other low 
molecular weight organic acids in weathering has been widely 
documented, the action of humic acids in these processes has 
been examined ın only a few cases. Schalscha et al.5 extracted 
considerable amounts of Fe from minerals treated with humic 
acids. The solubilisation of major elements from alumosilicates 
has been shown to be considerably speeded up by treatments 
with humic acids or organic acid components of humic acid®~8, 

Baker’ has reported on the strong solvent activity of humic 
acid from a podzolic soil in Tasmania, towards a number of 
minerals and metals. In his studies, separate mineral species 
were exposed to the action of humic acids. Here the effect of 
humic acids on basalt rock has been examined with the purpose 
of evaluating their role in the supply of soluble metals to soils. 

Figure 1 shows that after a rapid initial rise, the dissolution 
rate of nearly all elements decreases rapidly. The dissolution 
capacity of the three humic acids is fairly similar. Ca, Mg, Co 
and Ni came to near equilibrium after 6-12 h, Al and Zn after 
36h. Fe, Mn, Cr and, to a lesser extent, Cu continue to be 
dissolved, though az a slow rate, after 108 h. Fe was the most 
extracted metal, followed by Al, Ca and Mg (Table 1). The 
transition metals were extracted in trace amounts. Relative to 
their contents in the basalt, Cu was the most extracted metal, 
followed by Zn. Next came Co, Cr and Mn, then Ni. Less 
than 0.5% of Fe, Al, Mg and Ca were extracted by the humic 
acids. Arranged according to the relative amounts extracted, 
the following sequence is obtained: Cu > Zn>Mn>Cr>Co> 
Ni>Al>Fe>Mg>Ca. The large amounts of metals extracted 
by the humic acids indicate the significant role these organic 
compounds may have in weathering and soil formation. An 
even more important aspect of that capacity is the role humic 
acids may play making micronutrients available (particularly 
copper and zinc) to plants growing on basalt-derived souls. 

The capacity of humic acids to dissolve metals has been 
given as up to 682 mg g~ (ref. 4). Thus, the total amounts 
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Table 1 Extraction of alkaline earths and metals from 1 g basalt after 108 h treatment with three humic acids 


Basalt (mg) Humic acid 1 


ug A 
Al 63.7 387 0.61 
Fe 110.1 550 0.50 
Ca 71.4 297 > 042 
Mg 34.7 175 \ 0.50 
Co 41 x 10- 1.1 27 
Cr 221. x 1073 79 \ 3.6 
Cu 59x 10-2 77 \ 131 
Mn  141x10-? 48 3.4 
Ni 2111073 2.3 L1 
Zn ‘118 10-3 5.5 47 


Humic acid 2 Humic acid 3 


ug % ug % 
402 0.63 366 0.57 
491 0 44 499 045 
265 0.37 281 0.39 
169 0.49 153 0.44 
1.3 3.2 1.9 4.6 
7.6 3.4 { 7.2 3.3 
6.5 11.0 6.4 10.9 
53 3.8 47 3.3 
2.2 1.0 3.4 1.6 
6.8 5.8 6.7 5.7 





dissolved ın this experiment—l10-15 mg g™ humic acid—are 
far below the dissolving capacity of the acid. Incongruent 
dissolution of components from various alumosilicates by 
organic acids has been shown by Huang and Keller’. From 
most of the minerals, alkalis were removed preferentially so 


Fig. 1 Extraction of alkaline earths and metals from basalt 
shaken for up to 108 h with humic acid. The humic acids were 
extracted from three Mediterranean soils: protogrumosol 
derived from basalt, under Eucalyptus :ostrata; Mediterranean 
Brown Forest Soil derived from hard chalk, under annual 
grasses; and Rendzina, derived from soft chalk, under Pinus 
halepensis. Extraction, isolation and purification of the humic 
acids were similar to the methods described by Khan”. Alkaline 
olivine basalt, chemical composition given in Table 1, was 
pulverised ın a Fritsch agate ball mill and then sieved through a 
200 mesh Spex nylon steve. The humic acid was redissolved ın 
a NaCl solution to give a 0.1% w/v humic acid ın 0.01 M NaCl 
final solution, and adjusted to pH 6 5 One gram of rock powder 
was shaken for 3, 6, 12, 36 and 108h with the humic acid 
solutions at 25 °C, and the soluble elements were determined by 
atomic absorption. Controls of rock shaken with 0.01 M NaCl 
alone were run separately. Also determined was the metal 
content of the humic acids alone. 
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that the mineral surfaces remained enriched ın Si-Al relative to 
the inner core. Further dissolution proceeds probably by 
diffusion through the residual envelope and is consequently 
slowed down considerably, or stopped altogether, as is the 
case with Ca and Mg in the experiment reported here. Fe and 
Mn, and to a lesser extent some of the other transition metals, 
particularly Cr, remain in basalt partly in the free oxide 
minerals magnetite and ilmenite, from which they continue to 
be dissolved, though at a slow rate. 

Incongruent dissolution 1s probably also related to the 
relative affinity of the cations for the ligands of the humic acid. 
Though the relative stabilities of metal-fulvic acid complexes 
have been studied extensively, only fragmentary data are 
available on metals-humic acids complexes. Courpron™ has 
given stability constants of log K = 7.00 and log K = 2.87 
for complexes of soil-derived humic acid with Cu and Zn, 
respectively. The following order of complex stability at pH 7 
for soil humic acids and metals has been established by Verloo 
and Cottenie!2- Zn>Cu>Pb>Fe>Mn. If the coagulation 
capacity of metals for humic acid is an indicator of their 
affinity for humic acid, the following series obtains*: Al> Fe> 
Cu>Co> Ni. The effectiveness of added metals in coagulating 
humic acids derived from soils follows the order!®: Al> Fe> 
Cu>Zn>Ni>Co; and a similar sequence obtains in the 
order of magnitude of the pH drop of humic acids on addition 
of metallic cations. The relatively strong extraction of Cu and, 
to a lesser degree, of Zn from the basalt may therefore be 
explained by the strong affinity of those metals for humic acid. 

Fe and Al were less extracted than may have been anticipated 
from their relative affinities for humic acid; ıt ıs very likely that 
the nature of the solid phase also influences the rate of disso- 
lution. Complexes which may be theoretically possible on the 
basis of strictly chemical considerations may in fact not form 
because of geometric hindrance or bond strength®. Thus, in 
strongly complexing organic acids, the dissolution of Al 
progresses differently in labradorite and augite: in labradorite 
Al is retained, whereas in augite it is removed, though less 
readily than other cations’. 

Differences in the degrees of decomposition of minerals by 
organic acids have been explained by Ginzburg et al.’ as 
consequent upon different relative stabilities. The relatively low 
extraction of iron is probably related to the relatively high 
Gibbs energies of formation of magnetite and ilmenite (two 
important host minerals of Fe in basalt) compared with the 
much lower formation energies of the alumosilicates, olivine, 
pyroxene, in which most of the transition metals are contained. 


A SINGER 
J. NAVROT 
Department of Soil and Water Science, 
Faculty of Agriculture, 
Hebrew University of Jerusalem, 
Rehovot, Israel 


Received March 31, accepted June 26, 1976. 


1 Krauskopf, K B , /nfroduction to Geochenustry (McGraw-Hill, New York, 1967) 
2 Schallinger, K., thesis, Hebrew Univ , Jerusalem (1971) 

3 Rashid, MA., Soil Scr , 111, 298-306 (1971) 

4 Rashid, M A, and Leonard, J D., Chem Geol , 11, 89-97 (1973) 


Nature Vol. 262 August 5 1976 


5Schalscha, E B , Appelt, H , and Schatz, A, Geochim cosmochim. Acta, 31, 
587-596 (1967) 
6 Ginzburg, I 1, Yashina, R S, Matveeva, L. A, Belyatsku, V. V, and 
Nuzhdelovskaya, T S , in Chemistry of the Earth's Crust (edit by Vinogradov, 
A. P.), 304-320 (Israel Program for Scientific Translation, Jerusalem, 1966) 
7 Huang, W. H , and Keller, W D , Am. Miner , 55, 2076-2094 (1970). 
8 Ponomareva, V. V., and Ragim-Zade, A I, Pochvovedeniye, 3, 26-36 (1969); 
English translation in Sov Soi Sct , 00, 157-166 (1969). 
9 Baker, W. E., Geochim cosmochun. Acta, 37, 269-281 (1973) 
10 Khan, S. V., Proc Am Soil Sci Soc , 33, 851-854 (1969). 
11 Courpron, C., Annis agron., 18, 623-638 (1967) 
12 Verloo, M., and Cottenie, A , Pedologie, 22, 174-184 (1972). 





Climatic information from 180/160 
ratios of cellulose in tree rings 


THE high precision of dendrochronology makes possible the 
construction of short (~ 9,000 yr), detailed records of past 
climates. This paper explores the possibility of using the oxygen 
isotopic composition of cellulose from tree rings as a ‘thermo- 
meter’ to measure past temperatures. Using meteorological 
data from Edmonton we have shown that temperatures can be 
measured with a precision of ~ +0.15 °C when averaged over 
a 5-yr period. i : 

To investigate the variation of the 18O-content of cellulose 
with temperature, we have studied a white spruce (Picea 
glauca) which grew in Edmonton, Alberta from 1882 to 1969. 
Detailed climate records for this location have been kept since 
1880. Samples were taken from a 5-cm-thick transverse section 
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Fig. 1 The variation of 5'°O (SMOW) with September to August 
mean annual temperature for 5-yr periods. The equation of the 
Ime was obtained by a least-squares fit to the data points. 


of the trunk cut ~ 1.5 m above ground. A I-cm wide slice was 
cut from the section, divided into 5-yr groups of rings and the 
a-cellulose from each group extracted by standard chemical 
procedures!. After washing and drying in a vacuum oven 
(50 °C for 5 d), the cellulose was burnt in an evacuated nickel 
reaction vessel at 1,100 °C for 60 min. The water-gas reaction 
occurs producing a mixture of CO, CO, and H, The hydrogen 
produced diffuses through the walls of the reaction vessel 
forcing the reaction to completion. (This technique was de- 
veloped at the California Institute of Technology by P.T and 
S. Epstein). The CO was converted to CO, and C ın a high 
voltage discharge produced between platinum electrodes. 
Yields of CO, were normally 98-100% of the theoretical pre- 
dictions. All samples were run as consecutive replicates and no 
significant memory effects were observed. 

The isotopic composition of the CO, was measured using 
a 12” radius, double collecting isotope ratio mass spectrometer. 
Results are expressed as a 5 value °/) with respect to standard 
mean ocean water (SMOW)? (5440, =[(18O/!°O),,/C8O/#"O)smow 
— 1]X 1,000 °/,). The:precision of the replicate analyses was 
generally better than +0.20 99. 

The results show a good correlation between the 180/180 
ratio and mean annual temperature calculated on the assumption 
that growth in any given year stops in September (Figs 1 and 2). 
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Fig. 2 A comparison between the mean annual temperature 

(MAT) curve obtained from the meteorological data and that 

obtained from!*O/**O ratios of cellulose. (The broken part of the 

isotope curve is calculated for some out-of-sequence rings that 
were not analysed.) 


The 8'8O values range from 22.1 °/g9 (1.23 °C) to 25.2 Joo 
(3.64 °C). The temperature coefficient is 1.3 + 01 7/99 per °C 
in reasonable agreement with the value of 2.2 + 1.0 °/9, per °C 
obtained for algae*. The precision of the 180/160 measurements 
corresponds to an uncertainty of +0.15°C in mean annual 
temperature. 

The choice of growing period over which the temperatures 
are averaged is somewhat arbitrary but the September to 
August and January to December 5-yr means differ on average 
by only 0.1 °C. Table 1 shows the correlation between 5!8O and 
mean temperatures calculated for different growth periods. It is 
apparent that the best correlation occurs with mean annual 
temperatures for September to August. The correlation with 
mean summer temperatures is poor. 

There are two possible explanations for this. First, in addition 
to the temperature effect on the fractionation factor, there is 
also variation in the isotopic composition of the source water 
being used to produce cellulose. This is also climate dependent. 
Ruben® has shown that oxygen transpired during photo- 
synthesis is derived only from water. It thus seems fair to 
assume that the cellulose oxygen ıs derived from CO). It is 
possible, however, that isotope exchange can occur between 
CO, and H:O before photosynthesis occurs so that the iso- 
topic composition of the CO, will reflect that of the source 
water (coz n20 = 1.0407 at 25 °C (ref. 6) ). Thus it is possible 
that winter precipitation stored as soil water after melting may 
have a significant role in the production of cellulose during the 
growing season. The results shown here suggest that the 
contribution from variation in source water is relatively small, 
however, since the temperature dependence of the fractionation 
factor ıs approximately four times as large as the observed 
variation in the Edmonton area (0.3°/ 9, per °C, calculated from 
data in the International Atomic Energy—World Meteorological 





Table 1 Correlation between 81O and mean temperatures calculated 
- for different growth periods 





Correlation 
coefficient 
Temperature (5-yr mean) 5180 against 
temperature 
Mean summer 
(May, June, July, August) : 0.24 
Mean winter (1) 
(January, February, March) 0.82 
Mean winter (2) 
(December, January, February, March) 0.86 
Mean annual (1) 
(January—December) 0.94 
Mean annual (2) 
(September of previous year to August of final year) 0.97 
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Organization survey 1969, 1970, 1971 (ref. 7) ). Second, it has 
been shown that net photosynthesis and growth in coniferous 
trees depends markedly on the production of stored foods 
(sugars from photosynthesis) during the winter®, so that winter 
temperatures may have a direct bearing on the isotopic 
composition of the cellulose produced the following year. 

It is apparent that much work remains to be done to under- 
stand fully the isotopic processes involved in the production 
of cellulose. The empirical results presented here, however, 
show that the temperature dependence of the isotopic fractiona- 
tion can be measured and that the climate record in the cellulose 
is not destroyed by subsequent exchange over a period of up to 
90 yr. Measurements of D/H ratios of cellulose are under way 
in this laboratory to provide an independent cross check with 
the oxygen data. 

We thank the meteorological office of Edmonton for pro- 
viding temperature records and Dr K. D. Hage for help with 
the acquisition of tree samples. We would also like to acknow- 
ledge the assistance of Professor S. Epstein in the early stages 
of the project. We thank the NRC of Canada for support. 
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Geometry of river meanders 


THERE are many factors affecting the geometry of rivers. 
Width, depth, slope, flow velocity and plan shape are all 
influenced by discharge, sediment load, sediment types, and 
valley slope through the operation of the continuity, flow 
resistance, bed load, bank competence:and meander equations. 
If each of these equations could be determined accurately then 
their simultaneous solution would define the three-dimensional 
geometry of alluvial channels!»?. Although the equations cannot 
be specified accurately the basic mechanical principles under- 
lying most of the relevant processes are understood. The one 
exception is the process responsible for plan geometry. Indeed, 
many theories have been presented to explain the development 
and maintenance of these patterns, with varying degrees of 
success, I show here that meander arc length may be a unique 
function of channel width. 

Yalin? has proposed that the occurrence of meanders could 
be attributed to the law governing the spatial correlation among 
perturbations in turbulent flow. He demonstrated that the 
behaviour of the largest macroturbulent eddies would be 
systematically affected by a permanent discontinuity, and that 
this would result in the same and reverse kind of disturbance 
occurring alternately at equal length intervals along the direc- 
tion of flow. On the basis of his theoretical analysis the wave- 
length of meanders, A, in fully developed turbulent flow was 
related to the width of the channel, w, through ` 


À = 2nw 


If turbulence were not fully developed, he has argued, the 
wavelength would be dependent on the Reynolds number and 
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the relative roughness of the section. For width/median bed 
material grain size values greater or equal to a thousand, he 
has argued that 


à = 20w 


Leopold and Wolman’st field data plot within these limits, 
which seems to substantiate Yalin’s hypothesis. But as turbulent 
flow is normally fully developed at bankfull stage—the channel- 
forming discharge—the coefficient in Leopold and Wolman’s 
best-fit relationship of 


à = 10.9w?° feet 


seems rather high. 

This discrepancy between theory and practice could be 
explained by the fact that the repeating distance between 
discontinuities should be measured along the channel and not 
as a straight line distance. To check this hypothesis I have 
compared data from the rivers Wye and Tweed with Leopold 
and Wolman’s data. 

First, their equations linking wavelength with channel width 
and radius of curvature, r, were solved to obtain the relationship 
between radius of curvature and width 


r = 2,.37w! feet 


As the exponent of this equation was not significantly different 
from unity, a linear relationship was assumed and the slope 
adjusted accordingly 


r = 2.40w feet or m 


Most of the data for the Wye and Tweed plot above this 
line (Fig. 1) immediately indicating that Leopold and Wolman’s 
curve is not a general one. This scatter was rationalised when 
information on meander arc angle, 0, measured between in- 
flexion points was included. Leopold and Wolman’s curve 
seems to relate to well developed meanders (150°) because 
points further above the line have progressively smaller arc 
angles: On the assumption that the arc angle for their curve is 
150°, the relationship between arc length, z, measured between 
inflexion points, and channel width can be obtained 


z = 6.28wm 
= 2nw 


If this is a general relationship for all channels it would explain 
the plotting positions of the Wye and Tweed data on the graph 
of radius, of curvature against channel width. Substituting z 
for w allows a family. of curves to be constructed for different 
arc angles (Fig. 1). Field data corroborate this substitution, 


Table 1 Relationships between wavelength, radius of curvature and 
bankfull channel width for various arc angles* 





Arc angle Value of k in Value of m in Value of n in 
(8°) A r= kw = mr à= nw 
270 1.33 2.83 3.77 
225 1.60 3.70 5.91 
180 2.00 4.00 8.00 
150 2 40 3 86 9.27 
135 2.67 3.70 9.85 
120 3.00 3.46 10.39 
90 400 2.83 11.31 
60 6.00 2.00 12.00 
45 8.00 1 53 12.25 
30 12.00 1.04 12.42 
15 24.00 0.52 12.53 
10 36.00 0:35 12.55 
5 72 00 0.17 12.56 
1 360.00 0.04 12.57 


*k = 360/0; m = 4 sin(0/2); n = (1,440/6) sin(@/2). 
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Fig. 1 Relationship between radius of 

curvature, bankfull channel width and 

meander arc angle. Logarithmic scales used 

to facilitate plotting of data points. A, River 
Tweed; @, River Wye. 


10G 1,000 


Bankfull channel width w (m) 


so the relationship between meander arc length and channel 
width seems to be general. Other research workers have noted 
that the spacing of riffles ın straight and meandering channels 
is between five and seven channel! widths’ and that skew shoals 
in flumes have been found to be 6.5 channel-widths apart®. 

This analysis indicates that the repeating distance measured 
down channel is 4nw which contrasts with Yalin’s value for 
wavelength of 2rw. Given that it would be more appropriate to 
use channel distance rather than plan distance ın the calculation 
of repeating length, Yalin’s model underestimates the repeating 
length by a factor of two. 

How can this be explained? Closer inspection of Yalin’s 
model indicates that he calculated repeating lengths by assuming 
that the largest macroturbulent eddy was equivalent to the 
width of the channel. Physically, this eddy must be interpreted as 
a helicoidal flow cell, and, as it systematically changes polarity, 
it influences the local pattern of accelerations and retardations. 
Approaching a pool (meander apex) the strength of the secondary 
circulation increases to a maximum with surface flows directed 
towards the eroding bank. Immediately downstream the 
polarity of the cell is reversed and the process repeated (Fig. 2a). 

This pattern of secondary flows is probably incorrect, 
however. At high flow stages two cells, exhibiting surface flow 


convergences, have been identified at the pool (meander apex); 
whereas at the riffle (inflexion point) two cells, with surface 
flow divergence, havz been observed’ (Fig. 2b). On the assump- 
tion that the average size of this macroturbulent eddy is half 
the channel width, recalculation gives a repeating length of 4nw. 

As theory and practice indicate a general relationship between 
meander arc length and channel width ıt is possible to define 
the relationships between wavelength, radius of curvature and 
channel width for different arc angles (Table 1). This explains 
why empirical equations are specific to a given set of data unless 
meander arc angle is invariant. 

Although this model helps to explain the regularity of 
channel patterns it does not successfully explain the initiation 
of meanders. A local increase in bank roughness is required to 
produce the asymmetry of flow but it does not explain how this 
can be achieved in homogeneous material. This approach 
merits further research however, particularly on the generation 
and effect of secondary flows on natural channels. 

Even though it 1s not possible at present to explain meander 
mechanism, it is necessary to define the plan geometry of river 
channels for design purposes. Sinuosity, defined as the ratio 
of channel length to valley length or valley slope to channel 
slope, 1s probably the best measure because it is related to 
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Fig. 2 Size of macroturbulent eddies in 
natural channels. a, Single secondary cell 
(after Yalm*); b, twin secondary cells 
(after Hey and Thorne’); —, surface velocity 
profile at section;--- surface velocity profile 
at neighbouring upstream section; stipp- 
ling, accelerated surface flow; vertical lines, 
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meander processes. Any change in channel slope, through 
erosion or deposition, to a value defined by the bed load 
transport equation will result in a new plan form because 
valley slope can be considered invariant for channel design 
purposes. Unfortunately, for a given value of sinuosity an 
almost infinite number of patterns are possible (Fig. 3). If the 


Fig. 3 Multivalued plan geometry for a given sinuosity (1.5 in 
case illustrated). 


meander geometry is to be specified accurately then it will be 
necessary to determine the size of each meander arc. As arc 
length is a unique function of channel width, which in turn is 
defined by the bank competence equations, a determinate 
solution is possible. 

R. D. Hey 
School of Environmental Sciences, 
University of East Anglia, 
Norwich NR4 7TJ, UK 
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New hominid from 
Lake Ndutu, Tanzania 


Tus report describes the stratigraphical and archaeological 
position of an hominid skull discovered in Pleistocene 
deposits around Lake Ndutu, on the Serengeti Plains 
(3°00’S; 35°00’E). The skull itself is descsibed elsewhere’. 
Lake Ndutu, together with the adjacent Lake Masek, is 
geomorphologically a continuation of the Olduvai Pleisto- 
cene deposits. The names of both lakes have been used to 
designate the upper parts of the Olduvai Sequence—the 
Ndutu and Masek Beds (formerly bed V and bed IVB, res- 
pectively); both are soda lakes. 

Lake Ndutu is the smaller of the two (Lake Masek had 
enough water during the dry season of 1974—September-— 
November—to support a resident population of hippo- 
potami), and shows very marked fluctuations in water level 
between the wet and dry seasons. During the wet season 
the whole lake ‘shore is under water, whereas during the 
dry season the water recedes mostly southwards and east- 
wards to expose the larger part of the western and northern 
shores of the lake The exposed western flats are littered 
with lithic and faunal materials 

The site was first visited during September 1972, when 
a one-week preliminary survey was undertaken. This work 
included random surface collections in seven areas, each 
2m in radius, and the excavation of 2mX2m trial trench 
with the objective of elucidating the stratigraphy of the 
site. During September and October 1973, the Tanzanian 
Department of Antiquities undertook the initial excavation 
of the site. These excavations, apart from exposing occupa- 
tional floors with in situ lithic and faunal materials, also 
exposed a hominid skull’. 

The Ndutu deposits comprise a claystone member which 
can be subdivided into a greenish sandy clay unit, 15-45 cm 
thick, underlain by about 60cm of sand-free, green clay 
with chert nodules in the lowest levels (R. Hay, California 
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Univ., Berkeley, private communication). The sandy clay 
unit can be further subdivided into sandy clay and silty 
clay subunits. To the north, along the shore, a hard, re- 
worked tuff, 10-12 cm thick, overlies the claystone. The 
occupational floor containing the skull rested on the silty 
clay subunit, and below it, resting on sand-free, green clay, 
were in situ lithic and faunal materials of what has been 
tentatively designated the second occupational floor. 

The surface of the western margin flats are littered with 
lithic and faunal material but one problem concerns its 
provenance Although the water level fluctuates at present 
it is not at all clear whether a similar situation obtained 
during the period when early man used either the lake or 
its vicinity as camping and hunting grounds. Did early man 
camp at the site seasonally during lacustrine recessions, or 
did he camp in the area when the lake was either non- 
existent or had dried up during such climatic oscillations 
as are known to have occurred elsewhere in the Pleistocene 
epoch? Or has the lithic and faunal material been brought 
into the area from elsewhere? 

During the excavations it was found that there is a notice- 
able discomformity between the sand-free, green clay unit, 
and the overlying greenish, sandy-clay unit. Several small 
channels were cut into the green clay, in some cases to a 
depth of approximately 30cm. Lithic and faunal materials 
were found at the bottom of the channels. It is, therefore, 
possible that early man camped or hunted at the lake shore 
when there was a minor climatic change which either 
resulted in the lake temporarily drying up or the level of 
the lake receding. This hypothesis is supported by the fact 
that it is only the sandy clay unit which is’ fossiliferous and 
contains implements Although some of the artefacts are 
rolled it is nonetheless possible that both the lithic and 
faunal materials are archaeologically in situ; the rolling 
could be a consequence of the constant seasonal move- 
ments of lake currents. 

During September and October 1973, an area of 
approximately 140m? was excavated. The excavated 
deposits were situated in an area containing considerable 
amounts of surface lithic and faunal material. An area of 
approximately 80 m° included a high density of in situ lithic 
and faunal materials. It was in this area that the first and 
second occupational floors were exposed. 

The in situ lithic materials are characterised by a very 
low percentage of finished tools. In the first floor, among 
the 270 plotted lithic and faunal materials only 20 are 
definitive tools (about 7.7%) Among the tools, spheroids 
and hammerstones predominate. There are six flakes in all, 
three of which are regular—two triangular and one rec- 
tangular. The remaining three are irregular. The cores are 
amorphous. Quartz and quartzite are the predominant raw 
material. The loose finds from within the sandy clay sub- 
unit overlying the first floor confirms this analysis They 
include five cores, four regular flakes (one with retouched 
edges), three irregular flakes, one core scraper, two quartz 
pebbles probably used as hammerstones, and twenty-two 
waste flakes. 

The tools represented in this collection are rather non- 
descript and of an indeterminate industry. Although hand 
axes and cleavers occur in the surface material, they are 
few, and even among the surface collections spheroids seem 
to be the predominant tool type, with cores also well repre- 
sented The absence of hand axes and cleavers among the 
in situ artefacts raises the question of the type of industry 
represented. The type of hominid represented by the skull 
is generally thought to be associated with the Acheulean 
industrial complex.: The tentative date of the site as well 
as the mineralogical contents of the deposits also place the 
site within the chronological boundaries of the Acheulean 
industrial complex in the Olduvai Gorge and other sites in 
Tanzania and eastern Africa Two possible hypotheses can 
be used to explain the absence of the tool types widely found 
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in the Acheulean industrial complex. Either the assemblage 
belongs to a different cultural and technological continuum 
and belongs to an industry post-dating, or contemporaneous 
with, later phases of the Acheulean industrial complex, or 
it belongs to the Acheulean, and the area excavated is only 
an indication of activity patterning. The latter hypothesis 
seems to be the most likely, and is supported by the fact 
that hand axes and cleavers, though few, are represented 
in the surface materials; moreover, excavation of a small 
trench on the site revealed an in situ hand axe (M. D. 
Leakey and R. Hay, private communication). The presence 
of a very high percentage of faunal materials in the col- 
lection—about 94 out of the 270 plotted in situ materials 
of the first floor ere splinters and sizeable bone pieces in- 
cluding horns and antlers—seems to suggest that the area 
was probably a butchering site, though the presence of a 
hominid skull among the collection in such a context would 
be rather enigmatic. 

The tuff overlying the claystone probably represents the 
Norkilili Member of the Masek Beds of Olduvai, though 
the possibility that it represents the lower unit of the 
Ndutu Beds cannot be ruled out (R. Hay, private com- 
munication). One preliminary chronometric date has been 
obtained from bone found in the first occupational floor, 
and preliminary racemisation measurements suggest a 
general age of ~500,000-600,000 yr (J. L. Bada, private 
communication). A sample of bone from the Masek Beds 
of Olduvai has given similar results. 

I thank Mr F. T. Masao, the Curator of the National 
Museum, who participated in the 1972 preliminary survey, 
and the staff of the Department of Antiquities, who assisted 
in the excavations. I also thank M. D. Leakey for help, 
advice and encouragement. 
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Director of Antiquities, 
Antiquities Division, 
PO Box 2280, 
Dar es Salaam, 
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New cranium of Homo erectus from 
Lake Ndutu, Tanzania 


I DESCRIBE here the humanoid cranium recovered by Mturi? 
during excavations at Lake Ndutu in northern Tanzania. A 
fuller description will be published elsewhere. 

The cranium is remarkable in that it seems to form an 
evolutionary link between Homo erectus pekinensis and Homo 
sapiens, having features in common with both. It cannot, 
however, be classified as Homo sapiens, and in spite of its strong 
resemblance to H.e. pekinensis its more advanced characteristics 
and its occurrence in Africa rather than Asia may eventually 
warrant the creation of a new subspecies of H erectus to 
accommodate it. This will be determined following full com- 
parative studies. 

The specimen is similar to H.e. pekinensis in the following 
features: 

e The form and contour of the occipital, which has a markedly 
thickened nuchal torus. 

@ The form of the mastoid region. 

@ The almost vertical forehead. 

@ The inferred supraorbital torus. 

@ The great thickness of the vault. 

è The outline, as seen in norma verticalis. 

The cranium differs from H.e. pekinensis and is similar to 
H. sapiens in the following features: X i 
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Fig. 1 Mid-sagittal craniograms of the occipital region: a, Ndutu 

cranium; b, H.e. pekinensis (Skull III from locus L); c, Ngandong 

(Solo), Skull V; d, Australian aborigine; O, opisthion. Adapted 
from Weidenrerch?, 


e The presence in the adult of pronounced parietal bosses. ; 

eThe more vertical sides of the vault as viewed in norma 
occipitalis. 

©The presence of an ossified styloid process. 

The apparent absence of a sagittal torus. 

eThe supramastoid crest does not extend over the external 

acoustic meatus. F 

The Ndutu cranium is housed at the National Museum of 
Tanzania in Dar es Salaam. The specimen includes the virtually 
complete occipital and left temporal; the right temporal lacks 
the glenoid fossa, parts of both parietals and part of the right 
side of the frontal, parts of the sphenoid, and the fragmentary 
central region of the face which is attached to a fragment of the 
left maxilla. In addition, there are isolated right tympanic 
plates and both isolated petrous temporals. 

Before reconstruction the parts of the cranium were very 
much broken and separated, but were retained in their approxi- 
mate anatomical position by a matrix of sand and clay which 
was impregnated with a hardener (Bedacryl) before the cranium 
was removed from the site. Much of the parietals had suffered 
badly from cracking and fragmentation, and also from a 
displacement of inner and outer tables. In parts the inner table 
only was present and ın others only the outer table in the form 
of a thin shell with the diploé missing. In other places the inner 
and outer tables had been pushed apart from the diploé, and the 
spaces between were filled by the sandy matrix, thus giving an 
artificial, exaggerated thickness to the vault. 
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The occipital is nearly complete, lacking only the left occipital 
condyle and some small areas near the foramen magnum. The 
foramen magnum measures 37.5 mm in anteroposterior length 
and 28.7 mm in breadth. The apex of the occipital is represented 
by a sutural bone. There is also a sutural bone to the right of 
this along the lambdoid suture. On each side there are two small 
sutural bones at asterion, but one of those on the right had 
fallen out and was not recovered during the excavation. 

There is a well developed nuchal torus as in He. pekinensis, 
giving the bone a markedly angulated lateral contour (Fig. 1). 
The bone is fairly thick, particularly at asterion. 

The left of the temporals is the more complete. Its mastoid 
process is small and of a triangular horizontal cross section. The 
posterior part of the mastoid ıs flattened and lies in the nuchal 
plane. The mastoid is thus similar to that of Hie. pekinensis, 
and is particularly similar to that of Olduvai hominids 9 and 12. 
There is a well defined mastoid notch which is divided along 
its length by a central ridge. 

An ossified styloid process is present and can be seen par- 
ticularly well under cover of the isolated right tympanic plate. 

The lower margin of the external acoustic meatus preserved 
on the left is thick and elongated in a downward direction. 

A supramastoid crest can be seen, but it does not extend over 
the external acoustic meatus as in H.e. pekinensis. 

The left glenoid fossa is deep, relatively small and short 
anteroposteriorly. The articular tubercle lacks its lateral margin. 

The bone at asterion is very thick as ıs the case in H. erectus 
pekinensis. 

The right parietal is missing large areas around its centre and 
anteromedially, but it has contact laterally at the coronal suture 
with a frontal fragment. The conformation of the bone around 
the centre of the parietal indicates that it had a pronounced 
parietal boss. The parietal thickness at a point anterior to the 
boss is 11.5 mm. This is well within the upper range of parietal 
thickness given by Weidenreich? for H.e. pekinensis, and much 
thicker than the range he quotes for H. sapiens. 

The left parietal is represented mainly by the posteromedial 
portion externally and the posterolateral portion internally. The 
anterior part is missing but an anterolateral fragment adjoins 
the squamous part of the temporal. The left parietal is in 
articulation with the occipital and left temporal at asterion. 

The temporal line is seen only very faintéy on the right 
parietal and, from the contour of the surface of the parietals 
near the sagittal suture, there was apparently no sagittal torus, 
such as occurs in H.e. pekinensis. 

The preserved right frontal fragment is 8.6 mm thick and thus 
well within the range of 7.0-13 mm given by Weidenreich? for 
Hie. pekinensis, and is, at the same time greater than the maxi- 
mum of 6.3 mm he quotes for H. sapiens. 

The anterolateral corner of this frontal fragment curves 
forward and outward, indicating that there must have been a 
supra orbital torus in order for that fragment to meet with the 
glabellar fragment attached to the face. The glabella together 
with the face, could not be placed further back because it is 
restricted by other anatomical features such as the cribriform 
plate of the ethmoid bone, and by the necessity for room for the 
anterior fibres of the temporalis muscle. In reconstruction, 
allowance was made for only the smallest supraorbital torus 
permitted by the preserved anatomy, but it is possible that a 
larger torus could have been present. 

The frontal bone rises in a high curve of the forehead as in 
H.e. pekinensis but unlike the frontals of H. erectus erectus, the 
Ngandong crania or the Broken Hill cranium. 

The middle portion of the face is preserved, including much 
of the nasal aperture, the upper part of the left nasal bone, the 
lower medial parts of the orbital rims together with the lacrimal 
grooves, and much of the superior part of the right orbital plate. 
The crista galli is present and ıs attached to the cribriform plate 
behind the nasal bones. 

On the right, the medial part of the face is preserved as far 
down as the infraorbital foramen, and on the left there is 
continuous bone contact from the nasal bone to the palate. The 
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Fig. 2 a, Right norma lateralis of the Ndutu cranium; b, left 
norma lateralis of the Ndutu cranium. 


conformation of the bone around the nasal aperture, and the 
angle betweengthe nasal bones indicate that the nose was very 
prominent. 

The left portion of the palate contains fragments of the roots 
of the canine, P*, P' and M! and the mesiobuccal socket of 
M®. This palatal fragment reaches almost to the midline of the 
cranium. 

Areas of the cranium were reconstructed with plaster of paris 
both to strengthen the parietal region, where either inner or 
outer tables only were preserved, and to attach the face to the 
rest of the cranium. This reconstruction was minimal and pre- 
liminary. The reconstruction suggests that slight adjustments 
can be made to the position of the face, but this will not affect 
the conclusion that a supraorbital torus must have been present 
originally. The size and shape of the maxilla remain unknown as 
it is extremely fragmentary. The top of the cranium has been 
left open in order that the internal anatomy can be seen. 

The cranium (Fig. 2) has some similarities to Olduvai hominid 
12 in the thickness of the vault and the shape of the mastoid, 
but it is much larger. It differs from the Ngandong and Omo II 
crania in its outline as seen in norma verticalis. The former have 
a more rectangular outline whereas the Ndutu cranium and 
H.e. pekinensis have a pear-shaped outline. It differs from 
Ngandong and Omo II also in possessing a more vertical 
forehead, though it is similar to Ngandong in the morphology 
of the temporal. The mastoid of the Ndutu cranium differs from 
that of Omo II. It differs from the Broken Hill cranium in its 
temporal and frontal and in being much smaller. It differs from 
Swanscombe and Steinheim in its occipital curvature and in 
that the mastoid of Steinheim is sapient in form. It differs also 
from Skhul V in its occipital and mastoid. It bears little com- 
parison with H.e. erectus except in vault thickness and in its 
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outline seen in norma verticalis. The mastoid region is similar 
to that of Olduvai hominid 9, but otherwise, apart from thick- 
ness of the vault, there is little resemblance. 

It would have been of interest to compare the Ndutu cranium 
with that of the Eyassi I cranium” but unfortunately the original 
disappeared in Berlin in 1945 according to Weinert*, and 
available casts are too poor to allow comparison. Published 
descriptions and photographs are also not of any great help 
because the cranium was reconstructed from fragments, and it 
is difficult to ascertain what is reliable. In spite of all of these 
deficiencies, the Eyassi cranium does seem to have been rather 
similar to the Ndutu cranium. It was found not far away from 
Lake Ndutu in a similar deposit on the shore of the saline Lake 
Eyassi. It had also undergone separation of inner and outer 
tables of the vault bones, probably as a result of alternating 
crystallisation and solution of the salt within the diploé. A few 
broken handaxes and an early water-rolled fauna also occurred 
at the site, but Leakey’ considered the cranium to be con- 
temporary with an unrolled modern type of fauna, and with 
levalloisian artefacts that were also to be found on the surface. 
The possibility should not, however, be dismissed that the 
Eyassi cranium could have been contemporary with the hand 
axes and the rolled fauna. This is supported by the fact that, 
although Leakey* has described the skull as unrolled, Weinert* 
has claimed that the edges broken in antiquity were rounded 
and rarely fitted together. 

The Eyassi I occipital fragment, which is preserved in the 
National Museum in Dar es Salaam has some similarity to that 
of the Ndutu cranium. 

Finally, it is of interest to note that Dr Peter Andrews sub- 
jected the Ndutu cranium to a form of multivariate analysis 
described by Andrews and Williams*. He found that the cranium 
grouped with H.e. pekinensis, thus confirming by measure- 
ment the conclusion reached through observation. 

I thank the Government of Tanzania and their Director of 
Antiquities, Amini Mturi, for giving me the privilege of 
cleaning, reconstructing and studying the Ndutu skull. I also 
thank Richard and Mary Leakey for providing facilities for the 
work, the L.S.B. Leakey Foundation for financing my study 
visit to Nairobi, and Professor P. V. Tobias for making the 
visit possible. 
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Antennal receptor response to sex 
pheromone mimics in the American cockroach 


Tue essential oils p-bornyl acetate, a- and #-santalol and 
several plant sesquiterpene hydrocarbons have been shown 
to induce sexual excitement in male American cockroaches’, 
and thus seem to mimic the cockroach sex pheromone. 
Tahara er al.’ have identified one of the active sesquiterpene 
hydrocarbon species obtained from Compositae plants as 
germacrene D. The contrast in structures of these various 
active compounds poses a serious problem as to the 
specificity of the sex pheromone receptor. To resolve this we 
have undertaken an _ electrophysiological study of the 
antennal receptors of both male and female cockroaches. 
The electroantennogram (EAG) responses of both sexes 
were examined during exposure to the compounds in 
question. Theoretically the sex specific receptors of the male 
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antennae should respond singularly to natural sex- 
pheromone (and stereochemical mimics) whereas the 


female antennae should be unresponsive other than to 
general irritants and/or to food odours. In fact, the EAG 
response to the female sex attractant has been obtained in 
males but not in females***. 

EAGs were recorded from excised antennae of the adult 
American cockroach, Periplaneta americana. A tungsten 
electrode, whose tip has been electrolytically sharpened to 
about | wm with resistance of less than 1 MQ, was inserted 
into the distal end of the antennae. The electrode was 
connected to the input probe of a unity gain d.c. pre- 
amplifier. A wider stainless steel electrode was placed in 
the scape of the antenna in a ground position. Germacrene 
D was isolated from the leaves of Solidago juncea Ait. by 
a combination of column chromatography over Florisil 
and silver nitrate coated Florisil. The spectral data are as 
follows: ultraviolet (hexane): 222(c€6590) and 257nm 
(€5020); infrared (film): 3,080, 1,670, 1,635, 1,610, 1,390, 
1,375, 1,190, 987, 980 and 890cm™’; nuclear magnetic 
resonance (CCI,): 0.84(3H, d., J=6 Hz), 0.90(3H, d., J= 
6 Hz), 1.53(3H, s.), 4.70 and 4.73(2H), 5.19(1H, q., J=6 
and 10Hz), and 5.72 p.p.m.(1H, d., J=15 Hz). A test 
chemical dissolved in acetone was completely absorbed on 
filter paper with the solvent evaporating at room tempera- 
ture. The filter paper was placed on a vinyl tubing holder, 
which had been set in a 2-ml syringe. After 2 ml of air had 
deen drawn into the syringe, the syringe plunger was quickly 
depressed to mix the odour into an airstream. The air taken 
from the ambient air supply, filtered through glass wool 
and distilled water, and passed continually at 60 ml min“ 
through 5-mm diameter glass tubing. As a control the same 
procedure was carried out without a test compound. 







Adult male antennae showed strong EAG responses to 
germacrene D (Fig. la). In the female antennae, however, 
it caused very small negative potentials, even at much 


higher concentrations (Fig. 15), The effect of increasing 
concentration of germacrene D was examined in male an- 
tennae. The amplitude of the responses increased in approxi- 
mate proportion to the logarithm of the intensity of 
stimulus tested (Fig. 2). The threshold concentration was 
found to lie between | and 5 ng. The response approached a 
plateau at a concentration of 100 zg or slightly higher. In 
comparison with EAGs obtained to pi-bornyl acetate‘ the 
threshold concentration of germacrene D required to elicit 
the EAG response was much lower, being of the order of 
mne-hundredth. The result of a single experiment to com- 
pare the threshold concentration of germacrene D and 
b-bornyl acetate showed that Sug of the former gave a 
detectable potential change, whereas 50 ug of the latter did 
not bring about any EAG response. Although strong EAG 
responses of male and female antennae to pt-bornyl acetate 
were obtained in agreement with earlier findings‘, we 
examined the effect of pure D- and t-bornyl acetate in the 
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EAG amplitude (mV) 


10° 10! 10? 
Amount of germacrene D on filter paper (sg) 
Fig. 2 Amplitude of the EAG responses of two male antennae 


(©, @) as a function of the amount of germacrene D (ug) on a 
logarithmic scale. 


»resent work. The male antennal responses to D- and L- 
bornyl acetate (Fig. le and e) were found to be stronger 
than those of the female (Fig. Id and f). Furthermore, both 
male and female antennae gave stronger EAG responses to 
D-bornyl acetate than to L-bornyl acetate. Another essential 
oil, santalol, was found to give very small EAG responses 
in both sexes. 

It has already been shown that strong EAG responses to 
the female sex pheromone were obtained from the antennae 
of male adults but not from females’*. On the other hand, 
bornyl acetate, which induced significant sexual excitement 
in the male’, was found to give strong EAG responses with 
both male and female antennae. Although adult females 
show no change in overt behaviour when exposed to bornyl 


10.4 mV 
Fig. 1 EAGs.recorded from a Periplaneta 
[1.0 mV americana adult male (a, c, e and g) and 
10s female (b, d, f and A) in response to germa- 
as crene D (0.1 mgin a and 3 mgin b), p-borny! 
acetate (3 mg in c and d)and®L-bornyl acetate 
(3 mgin e and f). Controls (air without odour) 
are shown in g and A. In each record upper 
and lower traces show a.c. and d.c. recording, 
respectively. Note different calibrations in 

records of male and female antennae. 


acetate, they show distinct sensitivity to bornyl acetate in 
EAG analysis. The response of female antennae to bornyl 
acetate may be due to the presence of generalised antennal 
receptors since it is unlikely that bornyl acetate has any 
natural role in female sexuality. Furthermore, in the present 
work it was confirmed that only the male antennae re- 
sponded strongly to germacrene D, while the antennae of 
both sexes are stimulated by D- and L-bornyl acetate. We 
were unable to obtain other than minimal EAG responses 
from either sex with santalol. 

Ritter ef al.” have proposed two sesquiterpenoids for the 
American cockroach sex pheromone, and have suggested the 
germacrane skelton for one of these on the basis of spectral 
data. We also suggest that germacrene D is closely related 
to the natural sex pheromone of the cockroach since it 
induces strong sexual excitement’, and shows a sex specific 
EAG response. 

Cadinol, a sesquiterpenoid biogenetically related to ger- 
macrene D, has been isolated from a plant and shown to 
be a stimulant for both male and female cockroaches*. This 
compound together with germacrene D indicates the 
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importance of sesquiterpenoids in the chemical communica- 
tion of cockroaches. Lundgren and Bergstrém’ also reported 
the identification of a cadinol (tentatively identified as ô- 
cadinol) as a constituent of a Lepidoptera wing scent com- 
plex, important to courtship behaviour. Thus, cadinol may 
be significant for other insects. 

We thank Fritzsche Dodge and Olcott Inc. for analyti- 
cally pure samples of D- and L-bornyl acetate, and Givaudan 
Inc. for a- and f-santalol. We also acknowledge technical 
assistance from Miss K. Tsuzuki and Miss N. Sekijima. 
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Ecdysone and oocyte 
morphogenesis in Bombyx mori 


Ecpysong, one of the principal hormones of insects, controls 
the periodic shedding and rebuilding of the cuticle during 
‘larval development. (We use “ecdysone” to designate all 
ecdysoids (in the sense of P. Karlson in ref. 5), or, for the 
radioimmunoassay, all radioimmunoassay-active ecdysteroid 
compounds.) It also promotes changes in gene activity ob- 
served at the initiation of metamorphosis’ and influences 
morphogenetic development of the imaginal disks in pupae 
Some reports also indicate that ecdysone is found in adult 
insects’"‘. Recent work on. Drosophila (M.L.D.-R., M.'H. 
Hirn.and M. A. Delaage, unpublished), Tenebrio (P. P. Del- 
becque, M. H. Hirn and M.L.D.-R , unpublished), Locusta" 
and termites? has shown that a significant level of ecdysone 
is generally found in adult insects of both sexes and that 
high titres of,ecdysone can be found in ovarian tissues. In 
Locusta, the ecdysone titre of the ovary increases during 
each cycle of oocyte maturation’, suggesting stimulation by 
ecdysone, in agreement with observations on Aedes aegypti’. 
This reveals an unexpected aspect of the action of ecdysone. 
Using a radioimmunoassay to study ecdysone action in 
Bombyx mori, we have found that not only is ecdysone 
present in the B. mori ovary during egg production, but that 
the oocyte itself contains a high concentration of ecdysone. 
Moreover, this concentration changes during successive 
phases of oocyte morphogenesis. 

In Bombyx, oogenesis in a well defined sequence’ 
during pupal development, and is terminated when the insect 
ecloses. Pupae were used 6, 9 and 15d after larval-pupal 
ecdysis (at 22 °C). They were quickly dissected in Ringer 
solution For each l'experiment we removed one ovariole 
from the right ovary; it was cleaned of adipose tissue frag- 
ments and then transferred to a small vial containing a few 
millilitres of Ringer solution. Oocytes were extracted from 
the ovarian tube by microdissection. They were collected 
one after the other, from the bottom to the top of the tube, 
rank 1 indicating the lowest and therefore the first extracted. 
Generally, five adjacent oocytes, that is, less than 4 mg wet 
weight, were sampled for-each ecdysone assay. The length 
and width of the central oocyte of each assay were deter- 
mined using a micrometer These measures enabled a good 


estimate of oocyte volume”. The samples were then frozen 
° i 
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in liquid nitrogen and lyophilised. Dissection and sample 
collection did not take longer than 20 min. In these condi- 
tions, there was. no noticeable loss of ecdysone during 
collection of oocytes as verified by replicate dissections at 
various intervals of time. Ecdysone titre was determined in 
oocytes sampled from the bottom, middle and top of the 
ovariole. More detailed sampling was carried out on an 
ovariole from a 13-d-old pupa, to measure precisely the 
ecdysone gradient along the ovarian tube. 

Ecdysone was determined quantitatively by radioimmuno- 
assay, as before’. Lyophilised samples were homogenised 
in 200 al 1 N HCIO, by brief sonication. The precipitated 
protein and the insoluble fraction were removed by centri- 
fugation at 15,000g for 5min. A sample of 150 #1 super- 
natant was neutralised with 1541 6M K:COs; and the 
resulting salts were removed by further centrifugation. A 
sample of 100] of the second supernatant was used for 
radioimmunoassay, after suitable dilution in 0.1 M citrate 
buffer, pH 6.2. Results are expressed as pg B-ecdysone 
equivalent. 





Table 1 Ecdysone content (radioimmunoassay activity) of oocytes 
in B. mori pupae* 


Position of oocytes in the Total ovariole 


Pupal B-ecdysonet ovarian tube content 
(d) Bottom Middle Top (pg B-ecdysone) 
6 1 1,300 40 ND 21,000 
2 1,870 400 ND 
3 1.21 x 0.98 0.60 x 0.52 
9 1 3,490 2,920 30 123,000 
2 2,810 3,780 460 
3 1.46 1.21 1.24 x 1.04 0.53 x 0.43 
15 1 660 1,170 450 134,000 
2 420 690 1,340 
3 1.61 x 1.27 1.62 x 1.33 0.97 x0.75 


*Radioimmunoassay activity is expressed as pg f-ecdysone 
equivalent. 

+1, B-ecdysone equivalent content (pg per oocyte); 2, B-ecdysone 
equivalent concentration (pg 17); 3, oocyte dimensions: length x 
width (mm). 

ND, Not done because of small size of oocytes. 

Oocytes were collected from the bottom, middle and top of the 
Ovarian tube, in pupae aged 6, 9 and 15d. Maturation of oocytes 
begins at the bottom of the ovariole and progresses to the top. To 
calculate concentration, oocyte volume was estimated by a geometric 
model”. 


Table 1 shows that maturing oocytes contain ecdysone at 
high concentrations (the highest value observed was 3,780 
pg wl’, or 8x107" M). On day 6, the concentration of the 
hormone was 1,879 pg #l™ in the lowest oocytes, which had 
just started to mature; whereas there was little or no ecdy- 
sone in higher oacytes Later (day 9) the morphogenetic 
activity in the ovariole had progressed upwards. The ecdy- 
sone titre was now at a maximum in the middle part; it had 
also increased in the top part of the tube, to 460 pg ul”. 
On day 9, the bottom oocytes had stopped growing; they 
contained more ecdysone than previously but less than did 
middle oocytes of the same ovariole. Finally, on day 15, 
maturing oocytes were the highest oocytes in the ovariole. 
They had the highest titre of ecdysone (1,340 pg al~’), where- 
as in those at the bottom of the ovariole, where ovulation 
had finished, the concentration had declined to 420 pg al~. 
Table 1 also suggests that oocyte maturation leads to an 
increase in the ecdysone content of the entire ovariole. 

Detailed ecdysone assays, on day 13, in oocytes of rank 1 
to rank 70 confirm these results (Table 2) The concentra- 
tion was relatively low in oocytes at the bottom and 
gradually increased towards the top of the ovariole; it 
peaked in oocyte 66, in good agreement with the data in 
Table Í. f 

Our work demonstrates that maturing oocytes of B. mori 
contain ecdysone, and that ecdysone concentration changes 
considerably during oocyte morphogenesis. The hormone 
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Table 2 Ecdysone (radioimmunoassay activity) gradient in one 
ovariole of a B mori pupa of 13 d 


Oocyte rank* 1 16 26 46 56 66 71 
Ecdysone contentt 830 1,200 1,470 1,770 1,880 2,720 2,250 








*Oocytes are numbered from the bottom to the top of the ovariole. 
tpg B-ecdysone equivalent per oocyte. 


appears at the beginning of maturation and increases during 
the growth phase, reaching a very high value (close to 
10°°M). It then decreases at the end of the process. This 
lowering of ecdysone concentration is noteworthy; it cannot 
be attributed to a dilution effect due to oocyte growth, since 
Table 1 shows that the ecdysone pool in the ovariole con- 
tinues to increase up to 15d This implies a gradient of 
hormone concentration along the ovariole, showing a maxi- 
mum which moves from the bottom to the top of the 
ovariole as oocyte maturation progresses upward. The 
ecdysone titre peaks at the end of the ellipsoidal phase of 
oocyte morphogenesis, when the oocyte is about 1 mm wide 
and starts flattening to take on its final shape””. 

A few reports have discussed possible, roles of ecdysone 
in ovarian development. In mosquitoes ecdysone controls 
vitellogenesis”*; more precisely, it directly activates synthesis 
of vitellogenin®. In the ovary of Tenebrio molitor, ecdysone 
stimulates in vitro cell divisions and oocyte growth, and 
influences follicle organisation’. Our report of ecdysone in 
the oocyte itself raises new questions. We propose that 
ecdysone behaves as a metabolic symbol, that 1s, a specific 
intracellular effector molecule which accumulates when the 
cell is exposed to a certain environment". Perhaps it has a 
double role—as suggested by Laverdure’s“ work in vitro— 
stimulating oocyte growth and influencing oocyte morpho- 
genesis. The ecdysone variation we observed in the ovarian 
tube could reflect the organisational action mentioned by 
Laverdure™. It could also be one element of the longitudinal 
energy gradient proposed by Legay” By our hypothesis, 
ecdysone action on oocytes is connected to its known effects 
on the morphogenesis of imaginal disks in vitro, in 
Galleria’ and in Drosophila". 

We were intrigued’ by the lowering of ecdysone level 
during the last phase of oocyte development. Further 
observations indicate that the concentration of the hormone 
increases again in newly laid eggs of B. mori (M.H.H., M. 
Coulon and M.L.D.-R., unpublished). This shows that 
ecdysone does not simply accumulate in the cell as a passive 
component, and that specific pathways exist for ecdysone 
elimination from oocytes. 

We thank Michel Delaage and Richard Grantham for 
help with the manuscript 
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Covering response in sea urchins 


THE tendency of many species of sea urchins to pick up particles 
and debris with their spines and tube feet, and to move and 
then hold the particles on their aboral surface is well known. 
Functional bases (decreasing the susceptibility to water or 
wave action, desiccation, light, or predation; supplying nutrients 
through skin digestion and absorption) have been ascribed to 
this “covering reaction”? 18, 

In contrast to these ‘functional’ explanations for the covering 
response of sea urchins, Dambach and Hentschel" concluded 
that the phenomenon is simply reflexive: mechanical, chemical 
or photic stimuli produce increased tube feet and spine 
activity involved in locomotion, or in a generally higher 
activity level, resulting in the covering of the individual. The 
suggestion that reflexes are involved has been made before! ?, 
but Dambach and Hentschel are the first to provide experi- 
mental data to support it. The functional explanations of weight 
and protection from light involve stimuli (mechanical and 
photic) which lead to increased activity of the tube feet and 
spines®®, Support for Dambach and Hentschel’s proposal 
also comes from the previously unreported observation that 
there is a reversal of the covering response by Lyfechinus 
variegatus when it is inverted; thus, material held on the 
aboral surface is quickly moved orally by inverted animals. 


a 











OPes 


Fig. 1 a, Diagrammatic representation of the reversal of the 
covering response in Lytechinus variegatus. A shell, originally 
on the aboral surface of the animal, has been moved to the 
ambitus and is subsequently moved to the oral surface. (Drawn 
from a photographic series). b, Diagrammatic representation 
of the mghting response in Lytechinus variegatus. The urchin 
has righted itself to the vertical position where the ambitus is in 
contact with the substratum. Subsequent positions of the 
animal in righting correspond to the positions involved in the 
reversal of the covering response indicated directly above. 





Twenty individuals, which were well covered by shell and 
pebbles on the aboral surface, were collected. The animals 
were hand held in the inverted position below the surface of 
seawater in a large container. In each case, the material held 
by the sea urchin on the aboral surface was moved orally 
(Fig. 1a). This reversal of the covering response seems to be a 
reflex, particularly when compared with the well known 
righting ‘response of sea urchins—the tendency of inverted 
animals to right themselves if physically possible. The activity 
of the tube feet and spines in the movement of particles in the 
reversal phenomenon cannot be distinguished from their 
activity in the righting response; the movement of a particle 
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over the surface of the animal in reversal is identical to that 
of the animal’s surface over the substratum in righting (Fig. 15). 
A reflexive basis for the reversal of the covering reaction sup- 
ports the suggestion of a reflexive basis for the covering re- 
action itself. The functional consequences of covering as 
proposed by other workers could still be valid, but would not 
be the casual explanations of the phenomenon. 

This work was done at the Galeta Marine Laboratory of the 
Tropical Research Station of the Smithsonian Institution. 
I thank Dr G. Hendler for his assistance. 
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Testing the neutral mutation 
hypothesis by distribution 
of single locus heterozygosity 


One of the most controversial issues in population genetics at 
present is whether the widespread protein variation in natural 
populations is maintained by some form of balancing selec- 
tion’ or merely represents the drifting polymorphism of 
neutral or nearly neutral mutations’. By the neutral mutation 
hypothesis the, level of genetic variability in an equilibrium 
population is ‘determined by mutation rate, v, and see 
population size, N.e. If we use the infinite allele model, i 
which new mutations are assumed to be always different om 
the pre-existing alleles in the population, the average hetero- 
zygosity per locus is given by Í 


H = M1 +M) (ht) 


where M = 4N.v (ref. 7). 

Whether the observed heterozygosity agrees with the above 
theoretical value or not ıs, in practice, however, very difficult to 
examine, since the exact values of N. and v in a population are 
hardly obtainable. Recently, it was shown*® that the variance 
of single Jocus heterozygosities is given by 


2M 
(4 M24 M)G+ M) 





Vh) = (2) 


From this the neutral mutation hypothesis can be tested 
without knowing the values of N. and v separately. By esti- 
mating M from the observed value of average heterozygosity, 
we can compute the theoretical variance by using equation (2) 
and then compare it with the observed variance! Preliminary 
results of the application of thts method to a number of organ- 
isms have suggested that the agreement between the theoretical 
and observed variances is rather good!!:?2, but the amount of 
data used was too small to make any general conclusion. We 
have accumulated all published data which are amenable to 
such a test. In this report we show that the observed variances of 
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Variance of heterozygosity 





00 01 0.2 
Average heterozygosity 


Fig. 1 Relationship between the mean and variance of hetero- 
zygosity for vertebrate species: @, mammals (33 species); x, 
birds (2 species, 1 subspecies); O, fish (18 spécies, 1 subspecies); 
A, lizards (21 species); I, amphibians (3 species, 1 subspecies). 
The solid and dashed lines are the theoretical relationships 
obtained from the infinite allele and stepwise mutation models, 
respectively. The dotted line 1s the theoretical relationship for the 
infinite allele model with varying mutation rate 


heterozygosity in most organisms so far studied can be reason- 
ably explained by the neutral mutation hypothesis. The pattern 
of: the distribution of heterozygosity also agrees with that 
expected from this hypothesis. 

Surveying 52 publications, we collected gene frequency data 
obtained by electrophoresis for 123 species and 8 subspecies, 
in which 15 or more loci were examined for at least 30 genomes. 
It is known that for estimating average heterozygosity a large 
number of loci should be used, whereas the sample size per 
locus can be rather small?°. For each of the species and sub- 


species used, the mean, A, and variance, V(h), of single locus 
heterozygosity was computed with a correction for sampling 
variance”, When a species or subspecies comprised a number of 


subpopulations, the average values of Ht and V(h) for these 


were used. The relationship between Hand VA) was compared 
with the theoretical one (solid lines in Figs | and 2) obtained 
from equations (1) and (2) It can be argued that the stepwise 
mutation model!8 is more appropriate for electrophoretic data 
than the infinite allele model. Therefore, we have also computed 
the theoretical curve for this model (broken line) using Ohta 
and Kimura’s formula!® for H and Moran’s formula!" for V(A). 
Actually, as Figs 1 and 2 show, there is not much difference 
between the two models unless H 1s very large. Since there 
seems to be a significant difference in average heterozygosity 
between vertebrates and invertebrates, the two groups have 
been considered separately (Figs | and 2). 

It is clear that the observed variances for vertebrates are 
generally in good agreement. with the theoretical values, in 
spite of the fact that the number of loci used is relatively small 
and data on diverse organisms are included. A close examination 


of Fig. 1, however, indicates that when FH is smaller than 0.05 
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Fig. 2 Relationship between the mean and variance of 
heterozygosity for invertebrate species: @, Drosophila (24 species, 
5 subspecies); A, other insects (12 species); O, other inverte- 
brates (10 species). The solid and dashed lines are the theoretical 
relationships obtained from the infinite allele and stepwise 
mutation models, respectively. The dotted line is the theoretical 
relationship for the infinite allele model with varying mutation 
rate. 


the observed variance tends to be smaller than the theoretical 


curve, whereas for Ê > 0.1 it tends to be larger. The agreement 
between the theoretical and observed variances in invertebrates 
is also generally good, though the tendency for the observed 
variance to deviate upward is pronounced because oi higher 
heterozygosities in this group of organisms. 

The tendency for the observed variance to deviate upward 


for large Å does not contradict the neutral mutation hypothesis 
and is expected to occur for the following reason. The formula 
for V(h) is based on the assumption of identical mutation rates 
for all loci in both theoretical models used here. In practice, 
this assumption is surely incorrect, and when mutation rate 
varies among loci, the variance of heterozygosity is expected to 
inflate. To get an idea about the amount of inflation, we com- 
puted the expected variance of heterozygosity from the assump- 
tion that mutation rate varies among loci according to the 
gamma distribution with the coefficient of variation equal to 
one. The gamma distribution with this value of coefficient of 
variation was suggested by the examination of the rates of 
amino acid substitution for 19 polypeptides in evolution (Nei, 
Chakraborty and Fuerst, unpublished). From the assumption 
of neutral mutations the rate of amino acid substitution per 
polypeptide is equal to the mutation rate per locus, neglecting 
synonymous mutations’. At any rate, the results obtained are 
given by the dotted lines in Figs 1 and 2. It is clear that the 
agreement between the theoretical and observed variances is 
now very good. 

The tendency for the observed variance to deviate downward 
for a small value of Ñ is apparently caused by the relatively 
small number of loci studied (about 20) in this group of or- 
ganisms. When the theoretical value of H is relatively small, the 


Nature Vol. 262 August 5 1976 


distribution of single locus heterozygosity, h, is extremely 
skewed towards the class of h = 0 (Fig. 3). Thus, whenever the 
sample estimate of H is small, the observed value of V(A) tends 
to be smaller than its expected value. Our computer simulation 
has shown that the difference between the observed and 


theoretical variances for H < 0.05 is of the order of magnitude 
that is expected to occur when the number of loci is about 20. 
The details of this study will be published elsewhere. Thus, the 
data presented in Figs 1 and 2 are consistent with the neutral 
mutation hypothesis. 

In Fig. 3 the frequency distributions of single locus hetero- 
zygosity for three species groups in which a large number of 
loci have been studied are presented together with one theoretical 
distribution obtained by computer simulation’. This theoretical 
distribution is based on 2,000 replicate evaluations of 4 with the 
expected heterozygosity of 0.09, which is close to the observed 
average heterozygosities for the three species groups. All 
empirical distributions are L-shaped and very similar to the 
theoretical one. In both empirical and theoretical distributions 
there is a little peak around 4 = 0.5. Existence of this peak has 
been theoretically predicted®!’. In addition to those in Fig. 3, 
we examined the distribution of heterozygosity for all other 
species. The pattern of the distribution was essentially the same 
as that expected from the neutral mutation hypothesis for most 
species. 
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Fig. 3 Distributions of single locus heterozygosities for b, 
man (Caucasian)"; c, the house mouse?*:*1 (Mus musculus) and 
d, the Drosophila mulleri species group??. The theoretical 
distribution (a) was obtained by computer simulation with the 


infinite allele model. Ê stands for the average heterozygosity. 
The distribution for the stepwise mutation model is almost 


identical with that for the infinite allele model when H = 0.09. 


We are aware that our observations about the variation and 
distribution of heterozygosity can be explained by some 
elaborate combination of different types of selection. Such an 
explanation is, however, strained, since we then have to assume 
that selection is adjusted so as to have a good agreement 
between the observed and theoretical variances in diverse 
organisms. It seems to us that the simplest and most natural 
explanation is the neutral mutation hypothesis. Note that this 
hypothesis does not exclude the existence of a small proportion 
of overdominant or selectively advantageous mutations. 
Furthermore, our analysis will not exclude the possible im- 
portance of slightly deleterious mutations!*®, of which the 
contribution to heterozygosity is relatively small. 

We thank Yoshio Tateno for some numerical computations 
involved in this study. We are also grateful to Professor P. A. 
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P. Moran for his unpublished formula. This work was supported 
by grants from the NIH. 
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Y chromosome visibility in 
quinacrine-stained human spermatozoa 


THE fluorescent dye, quinacrine, binds strongly to the Y 
chromosome and only to a lesser extent to the other chromo- 
somes in human metaphase cell preparations!?. A bright 
fluorescent spot (F body), which is presumed to be the Y 
chromosome, is clearly visible in stained interphase cells from 
various tissues from the human male?" and in mature sperma- 
tozoa®’, Spermatozoa bearing one F body (about 45% of the 
total) are takeneto be Y spermatozoa, and the staining method 
is now being used widely to detect physical differences, for 
example, in DNA content and head size”*® and motility? 
between X and Y spermatozoa, and for testing the efficiency of 
procedures designed to separate them?°"!5, Spermatozoa bearing 
two F bodies (about 1.3% of the total) have been interpreted 
as YY spermatozoa’’*, and the relatively high number of such 
spermatozoa has led to speculation concerning the seemingly 
high non-disjunction rates during spermatogenesis®:!4-15, We 
here examine the factors which affect Y chromosome visibility 
in sperm heads, and conclude that the F body count depends 
critically on observer performance, that the presence of YY 
spermatozoa cannot be demonstrated decisively using the 
quinacrine stain, and that measured physical differences 
between spermatozoa with and without an F body may. partly 
reflect a dependence of the Y chromosome detection efficiency 
on the size of the sperm head. 

When a brightly fluorescent chromosome inside a nucleus is 
examined under the ultraviolet microscope it appears as a 
bright spot against a less bright background which is produced 
by fluorescence from the other nuclear contents and-from any 
unbound dye which may be present. The chromosome is 
detected by the observer, provided that the spot intensity is 
more than 1 or 2% above that of the background"*, the condi- 
tion for detection then being ; 


(Ip exp(—kx)—Ip)/Ip 20.01-0.02 (1) 


where x is the mean depth (weighted and averaged over all. 


directions which lie within the acceptance cone of the objective 
lens) at which the chromosome is buried in the head, J, is.the 
e 
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intensity of the spot which would be produced if the chromo- 
some were located at x = 0, Is is the background intensity 
and k is an optical attenuation coefficient. 

Almost 50% of spermatozoa are expected to carry a Y 
chromosome, and since only about 45% exhibit an F body it 
seems that about a tenth of all Y chromosomes are not detected 
by the staining procedure. There are two possible explanations. 
The first is that stain uptake among Y chromosomes from cells 
of any one individual may be very variable, the -missing 
chromosomes being those which absorb so little stain as to be 
indiscernible above the background fluorescence. The second is 
that the optical attenuation coefficient is sufficiently great that 
chromosomes lying deep in the head are not detected’. This 
coefficient has two components. The refractive index of the 
DNA within the head is high (probably about 1.5 (ref. 17)) 
compared with that of the aqueous mounting medium (1.33) 
which surrounds and permeates the sperm head. If the fluores- 
cent Y chromosome is located at the bottom of a uniform 
sphere of refractive index 1.5 immersed in a medium of 
refractive index 1.33, the average refractive deviation of light 
leaving the chromosome and passing through the sphere is 
found using Snell’s Jaw to be about 15°, sufficient to reduce 
the intensity of a chromosome of diameter 500 nm to about 
25% of its undiminished value. If the other chromosomes each 
refract the light from the Y chromosome in this way the total 
deviation will be considerably greater than 15° across the 
optically inhomogeneous sperm head. In addition, the dimen- 
sions of the chromosomes are comparable with the wavelength 
of the fluorescent fight, and diffractive’ scattering will occur 
within the sperm head, increasing background fluorescence at 
the expense of spot intensity. Optical attenuation may therefore 
be the dominant mechanism, and some support for this hypo- 
thesis is afforded by the observation that about 70 % of F bodies 
appear at or very near’ the region where the background 
fluorescence becomes less dense’. We have estimated the 


intensities of F bodies by comparing microscope images of 


quinacrine-stained spermatozoa with matching images projected 
on to a screen in the same conditions (green light; dark-adapted 
vision) and measuring the screen intensities with a photometer. 
F body intensities varied from about 10% (the brightest) to 
about 1% (that is, the detection threshold) above background. 


“Assuming that the brightest spots correspond to Y chromo- 


somes at x =0 and that the Y chromosome is randomly 
distributed within the head, then k~ 50 mm™ would give the 
observed proportion of spermatozoa carrying an F body. 

Other chromosomes, although fluorescing less brightly than 
the Y chromosome, may nevertheless be detected if they are 
located néar the surface of the sperm head. If P, is the proba- 
bility-of detecting a Y chromosome in a Y spermatozoon, and 
P. is the probability of detecting any other chromosome (or 
other artefact such as adhering bacteria or vacuoles within the 
head") then, assuming that X and Y spermatozoa occur in 
equal numbers (and, initially, that no YY spermatozoa’ are 
present) the percentages of spermatozoa exhibiting one and 
two F bodies, P, and P,, are given by 


P, = 50P\(1—P.)+100(1—-4P,)P. 
and A 
P} = 50P,P.+100(P.)? . 


Solving for P, = 45% and P, = 1.3% yields P,~0.89 and 
P.~ 0.0275, this being the only solution for which both P, and 
P. lie within the range 0-1. These figures may be compared 
with ‘those from buccal mucosa cells and lymphocytes where 
cells of known karyotype are examined?:*. A fluorescent spot 
indistinguishable from a normal Y body? occurs in about 
5.5% of cells from 46,XX females who carry no Y chromo- 
some, and cells from 46,XY males, carrying one Y chromo- 


‘some, have one F body in about 67 % of cases?*?. Thus P, ~ 0.65 


and P.~ 0.055, and the Y chromosome is clearly more difficult 
to detect in these cells than in spermatozoa. 
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Several conclusions may be drawn from this analysis. First, 
if the artefact rate (P.) in spermatozoa, is comparable with that 
in somatic cells it is clearly unnecessary to invoke the presence 
of any YY spermatozoa to account for those which exhibit 
two F bodies. It therefore seems that no estimate of the non- 
disjunction rate for the Y chromosome.can be obtained from 
staining data, and similar considerations probably apply to 
estimates obtained using differential stains which are specific 
for other chromosomes®. If YY spermatozoa are not present in 
appreciable numbers then about 90% of Y spermatozoa are 
detected by the technique, and of those with one F body about 
97% are Y spermatozoa, the rest being X spermatozoa with 
another fluorescing chromosome or other artefact. These figures 
for the efficiency may be optimistic, however, since it is assumed 
that the criterion for detecting an F body is the same whether 
one or two are present in the cell, and it seems likely that 
spermatozoa are only classified as bearing two F bodies when 
both are reasonably bright". 

Second, equation (1) shows that the counting rate depends 
critically on observer performance. An observer who decreases 
his threshold from, say, 2% (distinct spots) to 1% (where any 
slight local brightening of the background is taken to be an 
F body) will, on the basis of the present model, increase his 
F body count from 40 to 50% (with only 40% of the increase 
coming from newly detected Y chromosomes); and the increase 
will be even greater if other chromosomes become visible at the 
new threshold level. ; 

Finally, the present theory suggests that Y chromosome 
visibility depends on sperm head size, and on the basis of a 
constant optical attenuation coefficient of 50 mm we estimate 
that P, will increase from 0.8 to 1.0 with decreasing head size 
over the range of naturally occurring head volumes’*, together 
with a corresponding variation in Pe. This may account for 
the higher detection efficiency in spermatozoa compared with 
that in the larger somatic cell nuclei. Larger Y spermatozoa 
will therefore tend to be categorised as X spermatozoa, although 
the effect could be reduced (or even reversed) if for some reason 
the background fluorescence of the head itself decreased with 
increasing head size. Unexpectedly large differences in head 
area between spermatozoa with and without an F body® may 
therefore reflect variations in chromosome visibility with head 
size, and need not necessarily imply the occurrence of haploid 
gene expression in spermatozoa. 

We thank the MRC for support. 
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Absence of axonemal arms in nasal 
mucosa cilia in Kartagener’s syndrome 


A TOTAL lack of axonemal arms in the spermatozoa of 
infertile men has been described’~* and those results in- 
cluded those from four men, three of whom had situs 
inversus of the thoracic organs while the fourth was a 
brother to one of the others. The total absence of axonemal 
arms (dynein arms) was deemed to be responsible for the 
complete immobility of their sperm tails. Kartagener’s 
syndrome’ exhibits the following symptoms: chronic 
sinusitis, bronchiectasis and situs inversus Sperm flagella 
and cilia have similar ultrastructure in principle, so it was 
thought possible that the respiratory tract symptoms in 
patients with Kartagener’s syndrome might be caused. by 
a lack of dynein arms in the cilia. We have thus investigated 
the cilia of Kartagener patients at the substructural level. 

The patient examined was a 25-yr-old woman, who had 
had daily airway symptoms from birth consisting of a 
cough and mucopurulent secretion from the lower, as well 
as from the upper, respiratory tract. She underwent surgical 
treatment for sinusitis, nasal polyposis and bronchiectasis. 
Her hearing was also impaired by chronic secretory otitis 
media. X-ray examination demonstrated dextrocardia. 
Rhinoscopy revealed small nasal polyps, but patent nasal 
airways. Nasal mucociliary transport function was examined 
on three separate occasions using the saccharine-dye 
method’. After cocaine anaesthesia, a mucosal biopsy was 
taken from the inferior turbinate. An additional biopsy 
from a polyp was taken without anaesthesia. The tissue was 
immediately fixed in collidine-buffered- glutaraldehyde and 
after a short buffer rinse, postfixed in osmium tetroxide 
with the same buffer. After dehydration in graded con- 
centrations of ethanol and propylene oxide the tissue was 
embedded in Epon. Sections stained with uranyl acetate 
and lead citrate were examined in a Philips 301 electron 
microscope. The technique was identical to that used for 
the examination of immobile human spermatozoa”. 


A fibres agains s 





Fig. 1 Cross section of a cilium showing derangement of the 

axonemal matrix, but normally placed outer doublets. There is 

no consistent structure comparable with dynein arms on the 

A fibres. In this section the two central tubules are not recognis- 
able, but in othe: sections they seem to be normal. 


-After intranasal application of the saccharine-dye particle, 
the patient was observed for at least 2h, during which she 
did not notice any sweet taste in the mouth and no dye was 
observed in the throat. The normal mucociliar transport 
time in the nose is 10-30 min (ref. 5). Electron microscopy 
showed that the cilia had a uniform appearance and trans- 
verse sections revealed identical pathological findings. The 
microtubules were normal in position and appearance, but 
a common abnormal feature was an apparently total lack 
of dynein arms on the outer microtubules. The picture was 
obscured to a certain extent by complete disorganisation of 
the axonemal matrix (Fig. 1), so that only occasional 
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remnants of the central sheath and spokes could be re- 
cognised. Many cross sections of cilia were examined and 
all showed the same abnormal features. One single cilium 
had structures similar to dynein arms, but whether or not 
these represented remnants of the C-tubule of the centriole 
could not be determined. All cross sections of centrioles 
seemed to be normal. 

There is significant experimental evidence that- dynein 
arms are essential for ciliary and flagellar motility, possibly 
by containing, or consisting of, protein with contractile 
properties (for review, see ref. 6). Spermatozoal motility 
is apparently not possible where there is a total lack of 
axonemal arms’~*. Our results suggest that these structures 
are also necessary for ciliary motility in the airways, as 
experiments have shown total absence of bronchial muco- 
ciliary transport in patients with Kartagener’s syndrome’. 
Chronic infection, various pharmacological treatments and 
the preparatory procedures might, however, obscure the 
original basic defects and further studies, including more 
control measures, are needed. 

If the present results and those described previously in 
human spermatozoa indicate the inability of such patients 
to produce dynein arms the same changes should be found 
in cilia from other sources, such as endometrium and 
uterine tubal mucosa. Such studies, including all the con- 
trol measures mentioned above, are in progress in this 
laboratory. The patient described here has a long standing 
primary infertility of unknown origin. 

Although Kartagener’s syndrome simulates an immuno- 
deficiency, immunological investigations have failed to dis- 
close any factors .of primary importance. An hereditary 
disability to form dynein arms and the consequent lack of 
any mucociliary function could, however, explain the 
symptoms in these patients, and also why they are localised 
to ciliated organs. 
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Separation of suppressor and 
killer T cells by surface phenotype 


AMONG thymus-derived (T) lymphocytes of the mouse, 
several functionally distinct subsets may be identified (for 
review, see ref. 1). Early studies have shown synergy in 
graft-versus-host reactions of different populations of 
lymphoid cells’, and in vitro studies have demonstrated 
interactions between cells from anti-lymphocyte serum- 
treated mice (Tı cells) and adult thymectomised mice (T: 
e 
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cells)*. A similar synergy has been observed in the genera- 
tion of T helper and T suppressor cells in vitro’. Clearer 
definition of the subsets of T cells interacting in the induc- 
tion of immune responses has come from the use of allo- 
antisera recognising differentiation antigens on T cells. In 
particular, the use of antisera to the Ly series of antigens* 
has enabled the separation of amplifying (MLR) cells from 
killer cells’. Similarly in the humoral response helper T 
cells can be distinguished from suppressor T cells’. In this 
report, we show that killer and suppressor T cells, both 
generated in vitro and carrying the Ly-2 and 3 antigens 
can also be separated using antisera to surface antigenic 
markers. We also present data suggesting that suppressor 
cells of similar phenotype may have an important function 
in vivo in the immune response. 

Soluble protein antigen-specific suppressor cells and 
alloimmune killer cells were both generated in Marbrook 
culture flasks, as described previously**®. Keyhole limpet 
haemocyanin (KLH)-specific suppressor cells were assayed 
in a second culture by their ability to abrogate the effect of 
KLH-primed helper cells", Killer cells were assayed in 
a 4-h "Cr release test on P815 mastocytoma cells". 

Anti-Ly antisera were prepared'and tested as described 
previously”’’?. Anti-Ia* was prepared by repeated intra- 
peritoneal immunisation of A.TH mice with A.TL spleen 
cells, and used unabsorbed. Rabbit serum absorbed with 
mouse spleen cells was the source of complement. 


Lysis (%) 
è 





25 10 20 25 5 10 20 
Attacker-target ratio 


Fig.1 Effect of anti-Ly, anti-Ia* and anti-Thy-1 antisera and 
complement on alloimmune killer T cells. CBA killer cells were 
induced in Marbrook culture flasks by stimulation of spleen 
cells with 1,500 R irradiated BALB/c spleen cells’. Aliquots of 
2x 10° viable cells from the cultures were treated with 0.2 ml 
antiserum (at a concentration giving maximal lysis?) washed 
and treated with 0.2 mi absorbed rabbit complement at 1:10 
dilution. After treazment cells were washed and resuspended to 
a fixed volume, giving a viable cell concentration in medium or 
complement-treatec aliquots, of 210° cells mI-?. Aliquots 
(0.1 ml) of treated cell suspensions were added to wells of round 
bottom microtitre plates (Linbro), containing 0.1 ml of a sus- 
pension of ®!Cr-labelled P815 mastocytoma cells at 10° cellsml~?. 
After brief centrifugation at 150g (approximately 1 min) the 
plates were incubated for 4h in a moist atmosphere of 10% 
CO, inatr After a further centrifugation (300g for 1 min), 0.1 ml 
supernatant was ccllected from each well for y counting. Low 
controls were incubated ın medium (HEPES buffered Dulbecco’s 
Eagles medium) alone and 100% Cr release was taken as 
counts released by 5% Brij. @, Anti-Ia*; (1, anti-Ly-2.1+3.2; 
A, anti-Thy-1.2; A, anti-Ly-1 1; IJ, complement alone. Sera 
in absence of complement had no effect (data not shown). Four 
experiments with anti-Ly-1 I and five with anti-Ia* have been 
carried out using thiee batches of antiserum. Al points are mean 
of triplicate cultures; bais represent standard error; % lysis 
calculated by the fermula: 

(c.p.m. killer cells —c.p.m. medium alone)/(c.p.m. detergent) x 100 
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IgM antibody-forming cells per culture 














Figure 1 presents the results of two typical experiments 
on CBA (H-2*, Thy-1.2, Ly-1.1, 2.1, 3.2) killer cells. In 
both experiments anti-Thy-1.2 completely abolished cyto- 
toxicity, whereas anti-Ia* had no effect. Anti-Ly-1.1 and the 
mixture of anti-Ly-2.1+3.2 both substantially reduce killer 
cell activity. In similar experiments anti-2.1 and anti-3.2 
reduced but never abolished cytotoxicity, the effect of an 
individual serum being less than the mixture. In contrast to 
these results, Fig. 2 shows the effects of some of the same 
antisera on suppressor activity. Anti-Ia abolished suppressor 
activity, whereas anti-Ly-1.1 had no effect up to 1/10’. We 
have previously shown that anti-Ly-2.1 alone completely 
abrogates suppressor activity’; Fig. 2 shows that the same 
is true for anti-Ly-3.2. 

That the effect of the anti-Ia antiserum was due to 
activity against antigenic determinants coded by the Z 
region, was confirmed by the results of absorption experi- 
ments (Fig. 2). The anti-CBA suppressor activity could be 
removed by absorption with A.TL lymphocytes, which have 
the same H-2* J region as CBA, but not by A.TH cells 
which are H-2°. Note that the serum was also able to 
abolish the suppressor activity of C57BL/10 cells (data not 
shown) which share with CBA only a single known / region 
specificity”. . 

Table 1 presents an in vivo correlate of the in vitro data. 
KLH-primed T cells, which are able to cooperate with B 
cells in vivo to give an anti-hapten response, gave a greatly 
increased response after treatment with anti-Ia and com- 
plement, indicating that the treatment had removed a 
population of suppressor cells bearing the Ia determinant. 
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Fig.2 Effect of antı-Ia* and anti-Ly-3.2 sera and complement 
on specific suppressor cells generated in yitro from CBA spleen 
cells. Helper cells were induced as described previously!*, In 
brief, spleen cells were cultured in Marbrook flasks with 0 1 pg 
KLH (a gift of Dr M. B. Rittenberg, Portland, Oregon) for 4 d 
in Eagle’s MEM containing 5% foetal calf serum. Helper cells 
were assayed, in a second Marbrook culture, by therr ability to 
cooperate with trinitrophenol (TNP)-reactive B cells present in 
normal CBA spleen in the presence of TNP~KLH. Anti-DNP 
or -TNP antibody-forming cells were assayed using hapten- 
conjugated anti-sheep red blood cell (SRBC) Fab’ fragments 
coupled to SRBC, using the Cunningham plaque assay. Suppres- 
sor cells were induced by culturing in similar conditions but 
with 100 ug KLH. Suppressors were assayed by their capacity 
to inhibit the helper effect of 3x 10° helper cells. Tests for the 
specificity of the suppressor effect were as described previously®. 
Suppressor cells were treated with anti-Ia at 1:10 dilution or 
anti-Ly-3.2 at 1:20, washed and treated with absorbed rabbit 
complement at 1:10. After treatment cells were counted in Trypan 
blue and 10*-10° viable cells assayed for suppressor activity. In 
absorption experiments sera were absorbed for 30 min at room 
temperature with an equal volume of packed spleen and thymus 
cells of appropriate mouse strain (A.TL or A.TH) and diluted 
to 1:10 for use. Dotted line, Number of plaques produced in 
presence of antigen but absence of helper cells. Dots above bars, 
s.e. a, Helper cells; b, helper cells+-suppressor cells; c. comple- 
ment-tanti-Ia; d, complement-+anti-Ia (absorbed using A.TL); 
e, complement-+anti-Ia (absorbed using A.TH); f, complement 
+anti-Ly 3.2. 


We conclude that the antigenic phenotype of CBA killer 
T cells is Ly-1*,2*,3*,Ila~, whereas suppressor cells are 
Ly-1-,2*,3*,la*. The Ly phenotype for killer cells differs 
from that found in C57BL mice (Ly-1.2, 2.2, 3.2) in which 
killer cells are Ly-17,2*,3* (refs 6 and 16), but agrees with 
the finding that in the C57BL Ly-1.1 congenic mouse, killer 
cells seem to be Ly-1*,2*,3* (ref. 16). In the same study, 
anti-Ly-2.1 alone had little effect on killer cells. Our data 
do not distinguish between the possibility that some CBA 
killer cells bear either 2.1 or 3.2, or alternatively that all 
killer cells bear low concentrations of both antigens, but it 
seems likely that there is heterogeneity among killer cells. 


Table 2 Ly phenotype of T cell subsets 





Function Ly phenotype © Reference 
Helper IF 7,21 
Suppressor 2+3* 7, 22, 23 
Killer in Ly-1.1 mice 142+ 3t 6, 16 
in Ly-1.2 mice 2+ 3+ 6, 16 


It is also clear that although anti-Ly sera are useful markers 
for T cell subsets, antisera to the two alleles of each locus 
do not always have the same effect. The reason for this 
discrepancy is not yet clear but may reside in undetected 
residual genetic heterogeneity in the Ly congenic stocks or 
in the differences in titre of the various sera (discussed in 
ref. 16). Table 2 summarises current information on the 
Ly phenotype of T cell subsets. 

Our findings confirm a previous report that suppressor 


Table 1 Reduction of suppressor cell activity by treatment with anti-Ia serum and complement 











KLH-primed Anti-DNP response 
DNP-primed cells helper cells Treatment Antigen (PFC/spleen) 
10 x 108 Nil Nil 50 ug DNP KLH 3,660 +660 
10x 10° 2x 108 Nil 50 pg DNP KLH 9,240 +686 
10x 108 2x 108 C’ alone 50 ug DNP KLH 9,720 +362 
10 x 10° 2x 108 Anti-Ia+C’ 50 ug DNP KLH 26,340 -+-2,882 
10 x 10° 2x 108 Anti-Thy-1.2+C’ 50 pg DNP KLH 3,480+595 


CBA mice (70-200-d old) were used. Mice were primed to dinitrophenol (DNP) by intraperitoneal immunisation, 6 weeks before use, with 
100 ug alum-precipitated DNP-chicken y globulin KLH helper cells were prepared by two intraperitoneal immunisations with 100 ug KLH 
absorbed to Bentonite at weekly intervals and subsequently boosted with 100 pg soluble KLH. Five days after the last injection a spleen cell 
suspension was prepared and passed over nylon wool columns to remove B cells!®. Effluent cells were treated with anti-Ia* or anti-Thy-1.2, 
followed by complement C’. Treated cells were mixed with DNP-primed cells and injected into 750 R irradiated CBA hosts These were boosted 
intraperitoneally 1 d later with 50 pg DNP-KLH. Seven days later the spleens were removed and assayed for IgG DNP plaque-forming cells. 
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cells bear Ia determinants”, and provide new information 
that killer cells are la negative. The finding of Ia on sup- 
pressor cells is particularly interesting in view of recent data 
showing that specific suppressor factor isolated from T cells, 
carried similar antigens’. Although some workers have 
failed to detect Ia antigens on T cells’, others have reported 
that both thymocytes and peripheral T cells carry these 
antigens”. Our data using functional assays for T cells 
show that at least suppressor T cells carry antigen(s) coded 
in the / region of the H-2 complex. It is not clear whether 
exactly the same la antigen(s) was detected on B and T 
cells. 

We thank Dr U. Hammerling (Memorial Sloan Kettering 
Cancer Center, New York) for anti-Ly and anti-Ia sera, 
and Dr H. O. McDevitt for anti-Ta. 

P. C. L. BEVERLEY 
J. Woopy 
M. DuNKLEY 
M. FELDMANN 
Tumour Immunology Unit, 
Department of Zoology, 
University College London, 
Gower Street, London WCIE 6BT, UK 
I. MCKENZIE 
Department of Medicine, 
Austin Hospital, 
Victoria, Australia 


Received May 10; accepted July 6, 1976. 


1 Beverley, P. C. L., in Tand B Lymphocytes in Immune Recognition (edit.by Loor, F., 
and Roelants, G.) (Wiley, Chichester, UK, in the press). 

2 Cantor, H., and Asofsky, R., J. exp. Med., 131, 235-246 (1970). 

3 Simpson, E., and Cantor, H., Eur. J. Immun., 1, 337-343 (1975). 

4 Feldmann, M., Erb, P., Kontiainen, S., and Dunkley, M., in Membrane Receptors 
of Lymphocytes (edit. by Seligmann, M., Preud'homme, J. L., and Kourilsky, 
F. M.), 305-310 (North-Holland, Amsterdam, 1975). 

s aone, DS Myazawa, M., Aoki, T., and Old, L. J., Proc. R. Soc., B170, 175- 

( a 


16 Shiku, H., et al., J. tap. Med., 141, 227-241 (1975). 

17 Hammerling, G. J., Black, S. J., Segal, S., and Eichmann, K., Proc. Tenth Leu- 
kocyte Culture Conf. (edit. by Eijvoogel, V. P., Roos, D. and Zeiljmaker, W, 
P.), 367--378 (Academic, New York and London, 1976). 

18 Tada, T., Taniguchi, M., and Takemori, T., Transplant. Rev., 26, 106-129 (1975). 

19 Sachs, D. H., and Cone, J, L., J. exp. Med., 138, 1289-1304 (1973). 

20 Frelinger, J. A., Niederhuber, J. E., David, C. S., and Shrefler, D. C., J. exp. 
Med., 140, 1273-1284 (1974). 

21 Cantor, H., and Boyse, È. A., J. exp. Med., 141, 1376-1389 (1975). 

22 Cantor, H., Shen, F. W., and Boyse, E. A., J. exp. Med., 143, 1391-1401 (1976). 

23 Vadas, M. A., et al., J. exp. Med. (in the press). 


SS SS a aa 





Plasma membrane glycoprotein 
which mediates adhesion 
of fibroblasts to collagen 


DeFEcts in cell behaviour associated with malignancy may 
be causally related to alterations in the plasma membrane 
of the cell on transformation'. Much interest has focused on 
a protein found on the surface of normal but not trans- 
formed cells *”. This protein, designated SF (ref. 5), LETS 
(ref. 8), band 1 (ref. 9), LI (ref. 3) or CSP (ref. 10), is a 
glycoprotein™™" with a molecular weight of 210,000- 
250,000 (refs 7, 8 and 12). It is present in the serum” and 
is sensitive to removal from the surface of normal fibroblasts 
by low levels of trypsin™™*, Several biological properties of 
this protein have been described. Normal fibroblasts 
arrested in mitosis lack this protein*’. As normal cells 
approach confluency, there is a quantitative increase in 
the amount of this protein present on the cell surface’, 
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Table 1 Attachment of PyBHK cells to collagen in the presence of 
added factors 





% PyBHK cells 
attached to collagen 


Concentration of 


Protein addition added protein 


None — 8 
Serum (%) 1 50 
10 90 
50 96 
CAF (ug ml~) 0.5 3 (0-6) 
1 4 (2-7) 
5 9 (7-12) 
10 12 ira 5) 
20 29 (25-32) 
30 71 (65-77) 
40 90 (86-93) 
80 96 (94-97) 
PyBHK extract (ug m!-—*) 100 5 





Assessment of cell binding to collagen-coated dishes in the presence 
or absence of CAF was carried out essentially as described by Klebe™. 
Plastic Petri dishes (50-mm diameter) were evenly covered with 
1.5 ml 0.25% collagen (acid soluble, Type IV, Sigma) in 0.2% 
acetic acid plus 0.002% phenol red. Dishes were placed in plastic 
containers, containing open dishes filled with NH ,OH and the contain- 
ers were sealed for 10 min to allow for gelation of the collagen. The 
dishes were air-dried overnight, washed with 8 M urea for 20 min 
then three times for 5 min with H,O, and allowed to air-dry. The 
treatment with urea decreased attachment of cells in the absence of 
added protein and increased the effectiveness of CAF-mediated 
attachment. Coated dishes were incubated with either 0.5 ml medium, 
calf serum, or CAF at various concentrations for 1 h at 37 °C. All 
solutions contained 200 ug ml—* BSA. During this incubation, cells 
were removed from monolayers with 0.25% trypsin-EDTA (Gibco), 
washed twice with medium containing 200 ug ml~' BSA, and counted 
in a Coulter counter. Incubated dishes then received 10° cells in 
4.5 ml E4-BSA. After incubation for 1.5 h, unattached cells were 
removed by decanting the medium and washing gently once with 
fresh medium. Attached cells were removed by treatment with 
trypsin-EDTA and cells counted in a Coulter counter. The per- 
centage of cells attached to the collagen was calculated as the 
number of attached cells/total number of attached cells plus the 
number of unattached cells. Usually 80-90% of plated cells were 
recovered. The average of five determinations and the range of 
values are given. Protein was determined by the method of Lowry 
et al”. 


whereas confluent normal cells, stimulated by the addition 
of serum, have lowered levels*. In conflict with these results, 
implying a growth regulatory function, is the finding that 
stimulation of growth-arrested normal cells by thrombin 
leads to thymidine incorporation without a concomitant 
decrease in the levels of this protein’. We now present 
evidence which points to a functional role for the protein 
as a mediator of the adhesion of fibroblasts to collagen. 
The protein is probably identical to a serum factor pre- 
viously reported te be necessary for the attachment of 
SV40-transformed 3T3 fibroblasts to  collagen-coated 
dishes". Based on this functional role, we propose the 
name cell adhesion factor (CAF) for this protein. 

The BHK 21/C13 hamster cells and a derivative trans- 
formed by polyoma virus (PyBHK) were obtained from 
stocks at the Imperial Cancer Research Fund, London, 
and were maintained in Dulbecco’s modification of Eagle's 
medium (E4) containing 10% calf serum (Gibco) in a 
5% CO: incubator at 37°C. The BHK cells possess high 





Table 2 Ca** and Mg** dependence of cell attachment to collagen 
in the presence of CAF 





% Cells 
Cell CAF (pg ml") Ca?t/Mg?+* attachedt 
PyBHK — — 5 
PyBHK 100 - 9 
PyBHK — + 8 
PyBHK 100 4 93 





*Assayed in PBS (Gibco) in the presence or absence of CAF or in 
PBS containing Ca** and Mg?* (Gibco) with or without CAF as 
described in Table | and ref. 14. 

tAverage of two determinations. 
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shown in Table 1 clearly indicated a dose-dependent attach- 
ment to collagen in the presence of CAF. In agreement 
with others, no attachment was seen in medium containing 
only 200 ug ml™ BSA. In optimal conditions, 96% of 
recovered cells had attached to the dishes. Table 1 shows 
that half-maximal attachment occurred at approximately 
25 wg ml“ CAF. Extracts of PyBHK at 100 ug ml’ failed 
to enhance attachment of cells to the collagen. 

The photographs of cells in Fig. 1a demonstrate that cells 
in the presence of CAF were flat and extended, morpholog- 
ically identical to cells in the presence of serum, In con- 
trast, cells plated on to collagen in medium containing 
200 ug ml“' BSA retained a rounded, refractile appearance 
(Fig. 15), At concentrations of CAF which permitted half- 
maximal attachment of cells, a mixture of flat and rounded 
cells was apparent. 

Attachment of cells to collagen in the presence of CAF 
was dependent on physiological concentrations of divalent 
ions, PyBHK cells failing to attach to collagen substrates 
in phosphate buffered saline (PBS) unless Ca** and Mg** 
were also present (Table 2). 

When BHK cells, which contain high levels of CAF (ref. 
9), were removed from confluent monolayers with trypsin- 
EDTA at levels of trypsin which completely remove surface 
CAF (ref. 9) their reattachment to collagen was also med- 
iated by CAF with results paralleling those given for 
PyBHK (data not shown). 

The demonstration’ that CAF purified from chick 
embryo fibroblasts agglutinates formalinised erythrocytes 
and that agglutination could be inhibited by substances 
containing free amino groups, prompted our assessment of 
their inhibitory properties during adhesion of cells to 
collagen. Inhibition was determined at two stages of CAF- 
mediated cell-adhesion: during CAF binding to collagen 





Fig. 1 Attachment of PyBHK cells to collagen-coated dishes 

under the influence of CAF (magnification x 65). Cells were 

incubated 1.5 h at 37 °C with 80 pg ml— CAF (a) and media 
containing 200 ug ml BSA (b). 


levels of CAF, whereas the PyBHK cells lack detectable 
amounts’. 

CAF was purified from BHK cells as described pre- 
viously”. Polyacrylamide gel analysis demonstrated that the 
major purified protein co-migrated with the lactoperoxidase 
iodinated CAF obtained after surface labelling of BHK 
cells’. Immediately before use in the attachment assay, 
purified CAF was solubilised in medium containing 
200 zg mI" BSA. 

BHK-extracted CAF was effective in mediating the 
attachment of cells to collagen-coated dishes. The results 


and during interaction of cells with CAF-collagen com- 
plexes. The results demonstrate that when 0.1 M L-lysine 
was present during the first but not the second incubation, 
cell attachment proceeded unimpeded, but with L-lysine 
present during only the second incubation, the flat, ex- 
tended morphology of attached cells was completely in- 
hibited, and the cells retained a rounded morphology. 
They did seem, however, to be more firmly® associated with 
collagen than they were in the presence of E4—BSA alone, 
as judged microscopically by shaking the dish and observ- 
ing that in E4-BSA the cells floated freely, whereas in the 
presence of serum plus inhibitor, the cells were not freely 
floating but loosely associated with the collagen. Quanti- 
fication of the extent of this association was difficult be- 
cause the cells were readily dislodged by gentle washing. 





Table 3 Inhibition of serum- or CAF-mediated adhesion of PyBHK cells to collagen 


First incubation Second incubation Morphology 
10% Serum Media Flat, extended 
CAF Media Flat, extended 
10% Serum+0.1 M L-lysine Media Flat, extended 
CAF-+0.1 M L-lysine Media Flat, extended 
10% Serum Media+0.1 M L-lysine Rounded 
CAF Media + 0.1 M L-lysine Rounded 
10% Serum+0.1 M D-galactose Media Flat, extended 
CAF+0.1 M D-galactose Media Flat, extended 
10% Serum Media+0.1 M D-galactose Flat, extended 
CAF Media 4-0.1 M D-galactose Flat, extended 





Final concentration of CAF 100 ug mi~. The following inhibitors also prevented adhesion of cells to collagen when added during the second 
incubation: p-mannosamine (0.1 M), L-arginine (0.1 M), D-glucosamine (0.1 M) and p-galactosamine (0.1 M). The following compounds 
failed to inhibit cell adhesion when present at either incubation: D-glucose (0.1 M), glycine (0.1 M), and a-methyl-p-mannoside (0.1 M). Substances 
were tested for inhibition of cell attachment to collagen in the presence of 10% calf serum or purified CAF as follows: collagen-coated 30-mm 
dishes were incubated 1 h at 37 °C with 0.5 ml medium with or without 0.1 M concentration of the test substances. All inhibitors were dissolved 
in PBS and adjusted to pH 7.4 before use. Dishes were then washed twice with E4—-BSA (20 °C) and 1 ml E4-BSA was added containing 5 x 105 
PyBHK cells with or without the test substance. After an additional 1.5 h at 37 °C, dishes were inspected microscopically to ascertain cell mor- 
phology and adhesion. 
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Inhibition of adhesion by L-lysine could not be attributed 
to cytotoxicity. When cells were exposed to 0.1 M t-lysine, 
washed twice with E4-BSA and plated on to collagen pre- 
incubated with serum, the cells attached and flattened. 
Thus, cell viability was unaffected by the inhibitor. 

As an additional control, p-galactose, which was negative 
in agglutinating erythrocytes", was assayed for its ability to 
inhibit cell adhesion. It failed to inhibit cell attachment at 
either incubation step (Table 3). 

Similar experiments employing CAF extracted from 
BHK cells (Table 3) showed that the pattern of inhibition 
with the purified protein was identical to that obtained in 
experiments with serum plus inhibitor. 

It has been demonstrated’’ that transformed cells 
which lack surface CAF are capable of synthesising this 
protein and secreting it into the medium. Therefore, con- 
ditioned medium from normal and transformed cells were 
assayed for active CAF. The results (Table 4) demonstrate 
that factor secreted from either BHK or PyBHK cells was 
capable of mediating the adhesion of cells to collagen. L- 
lysine, an inhibitor of serum and CAF-mediated attachment 
during the second incubation step, also prevented adhesion 
in the presence of conditioned medium. 

It seems that CAF, extracted from normal cells by urea, 
is active in promoting attachment of cells to collagen. The 
attachment is dependent on dose, with 50% attachment 
occurring at 25 yg ml-' CAF (Table 1). Using the method 
of urea extraction with chick embryo fibroblasts, Yamada 
et al."* have extracted CAF in greater than 95% purity. 
With BHK cells, however, purity was never greater than 
approximately 60% as judged by electrophoresis in poly- 
acrylamide gel, so that 25g ml"' represents an overesti- 
mate of CAF added. 
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It has been demonstrated” that CAF is secreted by SV40- 
transformed human fibroblast lines although these cells do 
not retain membrane-bound CAF. It is also known that 
CAF is turned over from the surface of normal fibroblasts’. 
We have demonstrated (Table 4) that CAF released into 
the medium from normal or transformed cells is active 
in promoting attachment of cells. Therefore, CAF pro- 
duced by transformed cells is a biologically functional 
molecule and might be absent from the plasma membrane 
of transformed cells because of some other defect of the 
transformed cell plasma membrane. 

CAF is a normal constituent of serum”, and Klebe" has 
shown that a serum factor necessary for the adhesion of 
cells to collagen has a molecular weight greater than 
200,000, binds to DEAE, and requires physiological concen- 
trations of Ca** and Mg™ to express its function. CAF also 
has a molecular weight greater than 200,000 (refs 7, 8 and 
12), binds to DEAE (unpublished observations) and 
requires Ca’? and Mg?* to promote adhesion (Table 2). In 
addition, we have found (Table 3) that whether the source 
of adhesion factor was serum or BHK extracts, the pattern 
of inhibition of adhesion by various substances was 
identical. Since in all these properties the serum factor 
corresponds to CAF it seems possible that they are 
identical. The activity of the serum factor was, however, 
resistant to 10 ng ml trypsin", whereas CAF was suscept- 
ible to lower concentrations’. Therefore, additional work 
is needed to clarify the relationship between these factors. 

Several types of transformed sarcoma-producing cell lines 
contain detectable levels of CAF (ref. 18) as determined by 
lactoperoxidase-catalysed iodination. Because PyBHK cells 
produce biologically active CAF (Table 4), it is likely that 
the CAF retained ty some of the sarcoma-producing lines 
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Table 4 Promotion of adhesion of cells to collagen by conditioned medium (CM) 


Source of conditioned medium First incubation 


BHK CM 
PEK eras M L-lysine 
PyBHK CM 
PyBHK e CM+0.1 M L-lysine 
PyBHK CM 


Second incubation Morphology 
Medium Flat, extended 
Medium Flat, extended 
Medium+0.1 M L-lysine Rounded 
Medium Flat, extended 
Medium Flat, extended 


Medium +0.1 M L-lysine Rounded 


TN 


_ Confluent monolayers of BHK and PyBHK cells on 6-cm dishes were washed three times with E4, replenished with 2 ml serum-free E4 and 
incubated for 24 h. The conditioned medium was removed, spun at 2,000 r.p.m. for 2 min in siliconised test tubes to pellet contaminating cells, 
dialysed for 48 h against distilled water, lyophilised in siliconised flasks and dissolved in E4-BSA immediately before use. Assays for cell adhesion 


in conditioned medium were identical to those described previously. 


That a minor component of the BHK-urea extract was 
not responsible for promotion of adhesion is supported by 
the fact that: urea extracts of PyBHK cells which lack CAF 
failed to promote attachment: CAF and adhesion activity 
are both non-dialysable; and inhibition of adhesion by 
specific compounds exactly parallels results obtained by 
Yamada ef al.* with pure CAF to inhibit the agglutination 
of erythrocytes. Production of an antibody specific for 
CFA, followed by inhibition experiments, would allow a 
direct demonstration of the role for CAF in cell attachment 
and spreading. 

Specific inhibitors are effective in preventing firm cell 
adhesion and spreading when added during the second 
incubation (Table 3). As judged microscopically during 
gentle shaking of the dish, however, cells in the presence 
of CAF plus inhibitors were weakly adherent to the 
collagen when compared with cells plated solely in E4- 
BSA. In the presence of inhibitors, the cells retained a 
rounded morphology and failed to flatten and extend. It is 
unclear whether CAF is involved in both attachment and 
spreading, of which only the spreading is inhibited by the 
amino-containing substances; or whether another factor 
present in serum, urea extracts, and conditioned medium 
is responsible for attachment and CAF for cell spreading. 


will also prove to be biologically active. Collagen is the 
natural substratum for fibroblasts in vivo and since CAF 
mediates the adhesion of these cells to collagen, it would 
be of great interest to correlate the presence or absence of 
CAF on transformed cells with tumour metastasis in vivo. 

As mentioned, purified CAF can agglutinate formalinised 
sheep erythrocytes’. We believe the designation CAF to 
be broad enough to encompass the functions of both agglu- 
tination and adhesion. 

I thank Mrs Beatrice Pyatt and Ms Marlene Chavis for 
assistance. Supported by a grant from the USPHS. 
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Temporary intestinal hypoxia 
induced by degradable microspheres 


In all mammalian cells and tissues studied, the adequate 
presence of molecular oxygen during irradiation enhances 
the effects of ionising radiations of low linear energy 
transfer (LET), such as X rays, y rays or electrons, by a 
factor of 2 or 3, compared with the effects seen after 
irradiation in poor oxygenation conditions'’. In radio- 
therapy, this oxygen enhancement ratio (OER) is assumed 
to be generally effective in all healthy tissues, whereas in 
poorly oxygenated tumour cells the partial radioprotection 
through hypoxia is believed to be efficient to an extent 
that the probability of tumour sterilisation may be affected 
critically’. It has been suggested that the relative con- 
centration of oxygen in healthy and tumour tissues could 
be changed to improve the relative probability of curing 
the disease and of reducing clinical complications caused 
by radiation damage of healthy tissues. To this end, the 
introduction of ‘high LET’ radiations for which the oxygen 
effect is of little importance, is presently being attempted’. 
Attempts are also being made to increase the oxygen tension 
in poorly oxygenated areas by treatment of patients with 
hyperbaric oxygen during irradiation®. In experiments in 
our laboratories, we have tried various means of changing 
the oxygen concentrations in tissues to be irradiated by 
chemical removal of oxygen’ or by mechanical obstruction 
of the blood flow (K.E.A., J.O.F., C. Clintenberg, B.L., 


B.R. and S.O., unpublished). We are now investigating, in 
experiments on pigs, the possibility of attaining temporary 
local hypoxia in intestinal segments by obstructing the 
blood flow at the level of the arterioles by intra-arterial 
injection of cross-linked starch microspheres, 43 um in 
diameter, that are degraded by the amylase activity of the 
serum", With a proper choice of the degree of cross linking 
and of particle concentration, a hypoxic period of about 
5min duration, followed by rapid normalisation, was 
achieved. 

Three female pigs of native breed (15-20 kg) were used 
under Nembutal anaesthesia. A high midline abdominal 
laparotomy was carried out and the base of the superior 
mesenteric artery was freed and catheterised using an 
Argyle No. 5 baby feeding tube. The catheter was fixed at 
the base of the mesenteric artery by a purse string suture 
and brought, for access, through the left abdominal wall 
and subcutaneously to the left groin, a loop being left in 
the abdominal cavity. The abdominal incision was closed 
and a loop of the small intestine was made available for 
inspection and measurement through a second incision 
through the right flank. Oxygen tension was measured with 
a modified Clark platinum electrode® put in direct contact 
with the mucous membrane of the jejunum through a small 
incision in the intestinal wall. 

Treatment, aimed at removal of oxygen from the 
intestinal segment under study, was carried out by injection 
of 6 10° (a) or 30X 10° (b) microspheres suspended in 8 or 
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Time (min) 


Fig. 1 Transient reduction in oxygen pressure on the jejunal 
mucous membrane after injection of 6 x 10° (a) or 30 x 10° (b) 
starch particles in the superior mesenteric artery of pigs. For 
comparison, the record seen after temporary mechanical 
‘clamping’ of the vessel is also shown. *, Peristalsis. 


40 ml Ringer’s solution for periods of 6 to 15 s, respectively. 
Alternatively, for comparison, the blood flow in the superior 
mesenteric artery was obstructed using a mechanical clamp. 

Typical results are shown in Fig. 1. Curves a and b 
represent the records of the oxygen pressure during the 
experiments. Qualitatively, the curves are similar, showing 
a rapid decrease in the oxygen pressure to low values that 
persist for a period of 4-7 min. At the end of this phase 
of hypoxia a sudden peristaltic activity was apparent, 
initiating the phase of restoration in which the oxygen 
pressure rapidly returned to normal within 2-4 min (this 
phenomenon is also reflected in the diagram). The greater 
number of particles was more efficient in reducing the 
oxygen pressure in the intestinal mucous membrane to near 
zero. With the exception that restoration took place more 
rapidly, clamping led to similar behaviour of the recorded 
curves. When the oxygen pressure dropped below about 
6mmHg the intestinal segment became clearly pale. The 
measured and visually observed changes were well correlated 
in time and quite reproducible. 

The results show that the intra-arterial injection of 
degradable starch microspheres, as described, can be used to 
bring about temporary intestinal hypoxia. By proper choice 
of the amount and concentration of particles in the injected 
suspension, the period of hypoxia can be programmed so 
as to enable experimental radiotherapy to be carried out in 
hypoxic conditions, seemingly without risk of damage 
caused by ischaemia. 

The technique suggested is now subject to detailed 
experimental investigation in combination with irradiation. 
Its application to clinical radiotherapy is also being con- 
sidered. 
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Metabolic adaptation to pregnancy shown 
by increased biosynthesis of insulin in islets 
of Langerhans isolated from pregnant rats 


Many reports have indicated that insulin secretion is in- 
creased in pregnant women'* although blood sugar levels 
may be unchanged, indicating an increased demand for 
insulin in human pregnancy. Similar findings have been 
reported for the effects of pregnancy on insulin secretion in 
pregnant rats™** which begin to respond with a significantly 
increased insulin secretion at a lower glucose level than 
those found in the normal female’. In addition, the secretory 
response is considerably greater in islets of Langerhans 
from pregnant than in normal rats, indicating an overall 
increased sensitisation of the islets from pregnant rats to 
the effects of glucose". Glucose has a major role in the 
metabolism of the mammalian £ cell, in that at physio- 
logical concentrations it is capable of stimulating both in- 
sulin secretion and biosynthesis’. It is possible that in- 
creased insulin biosynthesis is necessary to support the 
increased secretory response to glucose in pregnancy, if 
the content of 2 cell insulin is to be maintained. We have 
therefore investigated whether the alterations in insulin 
secretion observed in vivo during pregnancy are paralleled 
by an enhanced insulin biosynthesis in isolated islets from 
pregnant rats, after exposure to increasing concentrations 
of glucose. 

Islets of Langerhans were isolated by the method of 
Howell and Taylor’, from age-matched normal female and 
19-d pregnant rats. Groups of 15-20 islets were incubated in 
0.5 ml_ bicarbonate-buffered medium pH 7.4’, previously 
gassed with a mixture of 95%, O, and 5%, COs. The medium 
was supplemented with 1 mg ml" bovine albumin and con- 
tained various concentrations of glucose, as indicated in 
Fig. 1, together with 20uCiml"' 1-(4,5)H-leucine of 
initial specific radioactivity 40 Cimmol'. The tubes were 
then incubated with gentle shaking for 3h at 37°C. After 
incubation, the islets were rinsed twice in phosphate-buffered 
0.9% saline, pH 7.4 (PBS), containing 1 mg ml” non-labelled 
L-leucine, and subsequently sonicated for 10s in 150A ul of 
PBS. After a tenfold dilution, samples of the sonicate were 
taken for determination of protein content" using a crystal- 
line bovine albumin standard. The synthesis of proinsulin 
and insulin in the pancreatic islets was estimated by deter- 
mining the incorporation of labelled leucine into material 
reacting with insulin antibody (which also cross reacts with 
the precursor). The labelled insulin and proinsulin were 
separated from the rest of the islet proteins by incubation 
of a sample of the diluted islet sonicate with an excess of 
guinea pig anti-insulin serum (AIS) coupled to cyanogen 
bromide-activated Sepharose 4B (AIS-Sepharose)''. Normal 
guinea pig serum (NGPS) coupled to activated Sepharose 
(NGPS-Sepharose) served as a control for nonspecific bind- 
ing of labelled proteins to the Sepharose beads. The non- 
specific adsorption of proteins to the NGPS-Sepharose was 
examined after treatment of the beads with 2 M acetic acid. 
It was found that a small peak of radioactivity was eluted 
with the void volume on Sephadex G-50 gel chromato- 
graphy, but there was virtually nothing present in the 
insulin or proinsulin regions. Normally the radioactivity 
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bound to the AlS-Sepharose beads exceeded the nonspecific 
adsorption on NGPS-Sepharose by a factor of 2-5 in low 
(2 mM) and high (20 mM) glucose concentrations, respec- 
tively. 

The biosynthetic response of the isolated islets to increas- 
ing glucose concentrations is shown in Fig. 1. Proinsulin- 
insulin biosynthesis was significantly greater (P<0.01) in 
islets from pregnant compared with non-pregnant rats, 
at all the glucose concentrations studied. Green and Taylor* 
have shown that there are increases in protein, DNA and 
insulin content of islets at day 19 of pregnancy, findings 
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Fig.1 Dose-response curve relating glucose concentration to 
the incorporation of L-4,5-"H-leucine into AlIS-Sepharose- 
bound proinsulin-insulin in islets from normal (@) and 19-d 
pregnant rats (©). Each point represents a mean of at least 
eight observations, with +s.e.m. shown as vertical bars. Groups 
of 15-20 islets were incubated, washed and sonicated as described 
in the text; 20-ul samples of the diluted sonicates were then 
mixed with | ml PBS, supplemented with 2 mg ml~ bovine 
albumin, and containing either 20 mg AIS-Sepharose or the 
same weight of NGPS-Sepharose according to the method of 
Berne". The immune binding reaction was carried out in poly- 
thene tubes rotated end-over-end (20 r.p.m.) for 90 min at room 
temperature. The Sepharose beads were then washed six times 
with PBS and solubilised overnight in 0.8 ml Soluene 350 tissue 
solubiliser. Radioactivity was measured in a Beckman liquid 
scintillation counter after addition of 3 ml toluene-based scintil- 
lator. 
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confirmed by our islet protein estimations. Expressing in- 
corporation per ug islet protein, however, we were able to 
nullify any differences in size and content of the isolated 
islets, thus enabling direct comparison of the biosynthetic 
response to glucose in islets from pregnant and non- 
pregnant rats. A sigmoidal curve is known to characterise 
the relationship between poinsulin-insulin biosynthesis and 
glucose concentration in normal islets. The threshold 
value for the stimulant action of glucose, however, is lower 
in islets from pregnant rats, and in addition the rate of 
change of insulin biosynthesis is considerably greater than 
in normal islets (Fig. 1). Similar findings have been reported 
in the rat for the effects of pregnancy on the insulin secre- 
tory response of the islets of Langerhans’*. On further 
examination of the sensitivity of the islets from pregnant 
rats to a glucose stimulus it is apparent that proinsulin- 
insulin biosynthesis has a lower threshold in terms of glucose 
stimulation than that for insulin release. Insulin biosynthesis 
is therefore more sensitive to glucose than is insulin release, 
and this will prevent the insulin stores of the B cells from 
becoming depleted at low glucose concentrations, This may 
be particularly important during pregnancy where blood 
sugar levels in fasted pregnant rats are significantly lower 
than those in fasted normal rats’, such depressed glucose 
levels perhaps being associated with the increased plasma 
insulin levels reported in fasted rats during pregnancy’. 

The reasons for the heightened sensitivity of islets to 
glucose during pregnancy are at present uncertain. It has 
been suggested that there may be a possible involvement 
of increased adenylate cyclase activity or increased cyclic 
AMP concentrations in B cells, in controlling the altered 
secretory response"’. Studies on the actions of theophylline 
and cyclic AMP at various glucose concentrations on bio- 
synthesis of insulin compared with insulin secretion, 
prompted the suggestion by Schatz er al."', that the adenylate 
cyclase system besides regulating insulin secretion is in- 
volved in insulin biosynthesis. Other workers have postul- 
ated an increased sensitivity of a membrane receptor as a 
possible reason for changes in the sensitisation of islets 
to the effect of glucose’, and changes of this type could 
also be operating during pregnancy. Whatever the mechan- 
ism by which it occurs, it is of great interest that at least 
three indices of islet activity are simultaneously increased 
in pregnancy. These are insulin release, insulin biosynthesis 
and islet glucose oxidation". 

Further work is now in progress to elucidate more exactly 
the biochemical mechanisms by which the islets of 
Langerhans adapt to pregnancy. 
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Electrophysiological evidence 
for coupling between 
B cells of pancreatic islets 


Ir has been shown that the B cells of pancreatic islets 
exhibit electrical activity when stimulated with insulin 
releasing agents'™™™. There is evidence that this activity is 
directly correlated with the insulin release and that it has 
an important role in the secretory process™**, More 
recently it was documented that 2 cells within an islet are 
connected by gap junctions’? which are considered as low 
resistance pathways (ref. 8 and refs therein). The question 
therefore arises whether the electrical activity can spread 
electrotonically from one cell to another within an islet. 
To further elucidate this question the electrical activity 
from two different cells was measured by simultaneous 
impalement with two microelectrodes. 

The experiments were done on microdissected islets of 
the mouse pancreas as described previously’. The islets 
were continuously perifused in a small Plexiglas chamber 
(volume ~1 ml) with a Krebs-Henseleit solution gassed 
with 95% O: and 5% CO». The temperature was kept 
constant at 37°C. The basal medium had the following 
composition (mM): glucose 2.8, NaCl 103, KCI 4.7, CaCl 
2.56, MgCl; 1.13, NaHCO; 25, NaH-PO, 1.15, sodium 
pyruvate 4.9, sodium fumarate 2.7, sodium glutamate 4.9. 
When the glucose concentration was increased to 11.1 or 
16.6 mM, NaCl was reduced by an appropriate amount to 
maintain the osmolarity. 

The membrane potential was measured with micro- 
electrodes filled with 2M potassium citrate. Because the 
B cells are small (diameter ~10 m) simultaneous recording 
from two cells was difficult and high resistance electrodes 
(tip resistance >200 M2) were necessary tg obtain stable 
and long lasting impalements. The electrodes were mounted 
on two independent micromanipulators and impaled at an 
angle of approximately 10°. The distance between their tips 
was about 50 um before impalement. Since the 2 cells in 
mouse islets are surrounded by a layer of a cells’ they are 
invisible. Therefore, they could only be identified by their 
characteristic electrical activity in high glucose concentra- 
tions. Membrane potentials were recorded on a double 
beam oscilloscope (Tektronix 565) and a double trace chart 
writer (W+W 1200). 

The glucose-induced electrical activity is characterised by 
a regular burst pattern’**. It consists of periodic oscillations 
of the membrane potential (slow waves) between a de- 
polarised state with superimposed fast spike activity, and a 
polarised, silent state (Fig. 1). The burst activity appears 
only in glucose concentrations which also stimulate insulin 
release’. The duration of the slow waves is strongly glucose 
dependent: it increases as the glucose concentration is 
raised’*"’. The amplitude and the duration of the super- 
imposed spikes are unaffected by a change of the glucose 
concentration. 

When the electrical activity was simultaneously recorded 
from two cells within the same islet the slow waves were 
highly synchronised in 6 out of 7 double impalements; only 
in one case were the slow waves asynchronous. The 
synchronisation is demonstrated in Fig. 1. It is obvious that 
there was a Strict temporal relationship between the 
depolarising as well as the repolarising phases of the slow 
waves in the two records. This relationship was unaltered 
also when during the regular burst pattern a slow wave 
with a shorter duration was interposed (Fig. 15). The 
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Fig. 1 Simultaneously 
recorded burst activity of 
two B cells perifused with 
16.6 mM glucose. a, 
Oscilloscope record of the 
three bursts marked by 
the bar in record b. Dis- 
tance between two sub- h 
sequent points corres- 
ponds to 2 s. b, Train of 
bursts recorded with a E 
chart writer. Trace | and 40) 
2 in a correspond to 30 
trace | and 2 in b, res- 3 
pectively. At the two 

arrows in b the offset 

was changed by about 3 A 
mV. The asterisk in b / Y 3 PER | 
denotes bursts with a s0) Bye y 
short duration interposed : I min 

between longer bursts. 
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Note that the full amplitude of the spikes is not recorded in the chart recordings because of the inertia of the recording system. 


differences in the membrane potential values of the two 
cells shown in Fig. 1 are likely to be due to differences of 
the recording conditions and not to different properties of 
the impaled cells. As shown in Fig. 2, the synchronisation 
was also maintained when the external glucose concentra- 
tion was changed, although the pattern of activity was 
markedly altered. It is unlikely that the synchronised 


Fig. 2 Effect of chang- 
ing the glucose concen- fh 
tration on the simul- é J 
taneously recorded burst 40k |i 
activity of two B cells. a, 
Continuous ink recording 
showing the time course 
of burst activity before 
and after changing the 
glucose concentration 
from 11.1 to 16.6 mM. b 
and c, Oscilloscgpe re- 
cords taken at the times 
marked by bars in a. 
Time interval between 
two subsequent points 
in b corresponds to 2 s. 
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activity was recorded from the same cell because the micro- 
electrode tips were separated by distances which were 
several times the diameter of the B cell. This conclusion is 
supported by the observations shown in the oscilloscope 
records of Figs la, 2b and c; these records reveal that in 
contrast to the slow waves the superimposed spike activity 
was not identical at the two recording sites. From Fig. 3, 
which shows the spike activity on a faster time base, it 
becomes obvious that the spikes were well synchronised 
during the initial part of the burst (left half of Fig. 3) while 
later on, when the frequency decreased, the synchronisation 
was less pronounced. Thus, the spikes in the upper record 
of Fig. 3 appeared with an increasing delay compared with 
those in the lower trace (see spikes 20 to 30). Moreover, 
single spikes in one record were sometimes not accompanied 
by a corresponding spike in the other record (for example 
spike 30). Furthermore, if corresponding spikes were 
present in the two records the ratio of their amplitudes 
varied considerably; for instance spike 22 was larger in the 
lower than in the upper record, whereas for spike 29 the 
reverse was true. 


The results show that the electrical activity is synchron- 
ised in a high percentage of B cells which are located closely 
together within an islet. This synchronisation concerns 
mainly the slow waves whereas the fast spike activity seems 
to be synchronised only partially. It has been established 
that the B cells are connected by gap junctions*’; there- 
fore it is probable that the synchronisation is due to 
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electrical coupling. Although the ionic mechanisms pro- 
ducing the electrical activity in B cells so far are poorly 
understood it has been suggested that particularly the 
glucose-induced slow waves are an important link in trigger- 
ing and regulating insulin release in the individual cell?°"". 


mV 





Fig. 3 Simultaneous oscilloscope records of spike activity of two 

B cells during the plateau phase of a slow wave. To allow com- 

parison of the temporal relationship between spikes in the two 

records, the spikes have been numbered and dotted lines have 
been traced. Glucose concentration 16.6 mM. 


504 


Since many of these cells seem to be coupled electrically, it 
is possible that the slow wave originates in one cell and 
stimulates the coupled cells by electrotonic spread. From 
this point of view it is conceivable that within an islet the 
glucose molecule stimulates only a limited number of 
‘pacemaker cells’ which then induce electrically the burst 
activity and insulin release in the coupled cells. The ‘pace- 
maker cells’ may be located in close vicinity to the blood 
capillaries and, therefore, be the first to come into contact 
with the giucose. 

I thank Professor H. Schmidt for helpful comments on 
the manuscript. This work was supported by the Deutsche 
Forschungsgemeinschaft. 
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Decrease of Na+ conductance during 
desensitisation of the frog endplate 


THE membrane depolarisation of the frog endplate caused by 
acetylcholine (ACh), either released from the nerve terminals 
or applied externally, decreases when such applications of ACh 
are persisted or repeated'*. This phenomenon, known as 
‘densitisation’ or ‘inactivation’ of the receptor to ACh, was 
first analysed by Katz and Thesleff! and was suggested to be 
caused by a change in the receptor molecule from an effective 
to a refractory state. Subsequent investigations revealed that 
the rate of this desensitisation depends both on the extracellular 
concentration of Ca** ({Ca**],)** and on membrane potential®; 
being speeded up by increasing [Ca**], or hyperpolarisation of 
the membrane. These observations and others, demonstrating 
that the endplate membrane became permeable to Ca?+ during 
the action of ACh (ref. 7), led to the hypothesis that desensitisa- 
tion was brought about by transmembrane movement of Ca®+ 
and the combination of the ions with anionic sites on the inner 
surface of -he endplate membrane*®. The question then arises 
of whether desensitisation is caused by molecular changes in 
the ACh receptor or by those of the subsequent step directly 
controlling the ionic conductance of the endplate membrane. 
This subsequent step may involve a macromolecule which has 
been termed “ion channel” or “ion conductance modulator’’’. 
In an attempt to answer this question, we measured changes in 
the equilibrium potential of the endplate membrane during 
desensitisation, using a voltage-clamp technique*”®. 

Sciatic nerve-sartorius muscle preparations were isolated 
from frogs (Rana nigromaculata). Conventional intracellular 
recording techniques and a voltage clamp circuit were as used 
previously". Ionic composition of Ringer’s solution was as 
follows (mM): NaCl, 115; KCl, 2.0; CaCl., 1.8; NaH ,PO,, 0.7; 
Na,HPO,, 1.3. Experiments were carried out at room tempera- 
ture (20-22 °C). Electrodes for iontophoresis of ACh (2 M) had 
tip resistances of 100-140 MQ and a braking current of a few 
nA was applied constantly. 

Endplate currents (ACh-induced current) were evoked by 
iontophoretic applications of ACh at a rate of 0.2 Hz and at 
different levels of membrane potential. Thus, the endplate 
conductance (Gepe) and its equilibrium potential (E.,.) before 
desensitisation occurred were obtained (Fig. 2a). The endplate 
membrane was then desensitised by generating a series of 
ACh-induced currents at a relatively high rate (20 Hz), as 
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demonstrated by Magazanik and Vyskocil'* and as shown in 
Fig. 1. During repeated applications, the amplitude of ACh- 
induced currents decreased and after 20s became 25%, of the 
initial level. When the desensitisation had developed sufficiently, 
the level of membrane potential was changed from the holding 
potential of -50 mV up to — 105 mV. Accordingly (Fig. 2a) 
changes in Gepe and Eepe during desensitisation can be com- 
pared with those before desensitisation occurred. There was 
a marked shift of the E.,. to a more negative value (the mean 
shift; 25.44-5.6mV (s.c.), n = 9) during desensitisation, 
accompanied by a decrease in the Gepe (37.34+2.9% of the 
control value,  — 9). It is unlikely that the lines, shown in 
Fig. 2a, relating the amplitude of the ACh-induced current to 
membrane potential before and during desensitisation will 
converge to the same membrane potential. In fact, in some 
cells, there was complete disappearance of ACh-induced 
currents at —50 mV during desensitisation, whereas the Eepe 
obtained by extrapolation before the development of densitisa- 
tion was —10 mV. These results indicate that a decrease in the 
Na* conductance (Gyna) of the endplate membrane would 
occur in these conditions. 

Before this conclusion is accepted, however, the possibility 
should be considered that the shift in Eepe during desensitisation 
might be caused by a change in the equilibrium potential for 
Na* (Ena) because of an influx of Na* during repeated activa- 
tion of the endplate membrane. To test this possibility, the 
Espe was measured during repetitive generation of ACh-induced 
currents in low [Ca**]9, where the rate of desensitisation was 
very slow. In this situation, if the shift of the Eepe during 
repetitive applications of ACh is a result of a change in the 
Eya, there would be a similar, or even a greater change, in the 
Ep. than that at normal [Ca?*]9, since the decrease in the 
amplitude of ACh-induced currents during repeated activations 
is smaller at low [Ca**], (Fig. 2b). Even after the generation 
of 400 ACh-induced currents, there was only a small change in 
Epe during applications of ACh at 0.45 mM [Ca?*]p, elimina- 
ting the possibility that the negative shift of Eepe during 
desensitisation seen at 1.8mM [Ca?**], was the result of 
accumulation of Na+ in the intracellular space. The change in 
the E.,. therefore seems to be caused by the reduction of Gy, 


Fig. 1 ACh-induced currents evoked by repetiyve applications 
of iontophoretic pulses (1 ms, 50 nA) at a rate of 20 Hz. Mem- 
brane potential was changed after ACh application for about 20 
s, when sufficient desensitisation had occurred. a—d, ACh- 
induced currents; e, upper, middle (seen at the right- or left-hand 
margins) and lower (seen at the right- or left-hand margins) 
traces are the current for iontophoresis of ACh, membrane 
potential and ACh-induced current, respectively. 
iT 
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Fig. 2 Relationship between the peak amplitude of ACh- 
induced currents (ordinates) and membrane potential (abscissae) 
measured before and during desensitisation at 1.8 mM [Ca?*], 
(a) and 0.45 mM [Ca?*], (b). O, @, Amplitude of ACh-induced 
currents generated at 0.2 Hz. A, A, Amplitude of the currents 
recorded after generation of about 400 currents at 20 Hz. 
Recorded by shifting the membrane potential m hyperpolarising 
directions (O, A); depolarising directions (@, A). Membrane 
potential was held at — 50mV tn both a and b to decrease the 
rate of desensitisation so that the equilibrium potential during 
desensitisation could be measuted reliably. 


of the endplate membrane. This finding points directly to the 
idea that the site responsible for desensitisation 1s the ion 
channel directly controlling the conductance of the endplate 
membranes. 

We also studied effects of high [Ca2+], on the ACh-induced 
currents which were evoked at a low rate (0.2 Hz) of ACh 
application, when there was no observable desensitisation. 
When [Ca**], was increased from 18mM to 7.2 mM, the 
amplitude of ACh-induced currents gradually decreased and 
reached a steady level. In these circumstances, there was a 
decrease in Gepe (7I46%, n = 7) and a negative shift of 
Eepe (—10.341.0 mV, n = 7), indicating a decrease in Gyo. 
These observations are in agreement with the original findings 
of Takeuchi’. In view of similar decreases in the Gua, we 
suggest that two different effects of high [Ca®+],—namely an 
increase in the rate of desensitisation and a decrease in the 
endplate conductance—are caused by a common mechanism, 
which may be explained as follows. It was proposed*'5, that a 
major factor controlling the speed of desensitisation is a rise in 
intracellular Ca?+ concentration ([Ca2*];) produced by activa- 
tion of Ca?+ conductance. If this is the case, our present 
experimental findings indicate that an increase in [Ca2+], 
eventually decreases Gna of the endplate membrane. When 
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[Ca?*], is increased, [Ca?+], is also expected to rise, even at a 
low rate of ACh application. This leads to a similar decrease 
in the Gyna. It may thus be possible that desensitisation is 
caused by the acceleration of the mechanism which causes a 
decrease in Gy, of the endplate membrane by intracellular 
Ca?+, 

K. KUBA 

K. KOKETSU 
Department of Physiology, 
Kurume University School of Medicine, 
Kurume 830, Japan : 


Received April 5; accepted June 1, 1976. 


1 Katz, B , and Thesleff, S., J. Phystol., Lond., 138, 63-80 (1957). 
2 Thesleff, S., Acta Physiol. scand., 34, 218-231 (1955). 

3 Manthey, A. A., J. gen Physiol , 49, 963-976 (1966). 

4 Manthey, A. A., J gen. Phvsiol., 56, 407-419 (1970). 

5 Nastuk, W. L., and Parsons, R L., J. gen. Physiol , 56, 218-249 (1970). 

6 Magazanık, L. G , and Wyskocil, F., J. Physiol., Lond., 210, 507-518 (1970). 

7 Takeuchi, N., J Physiol , Lond., 167, 141-155 (1963). 

8 Kuna, z” Albuquerque, E. X., and Barnard, E. A., Science, 181, 853-856 

73). 
9 Oomura, Y., and Tomita, T, ın Electrical Actinty of Single Cells (edit. by 
Katsuki, Y.), 181-205 (Igaku Shoin, Tokyo, 1960). 

10 Takeuclu, A., and Takeuchi, N , J Neuwophysiol , 22, 395-411 (1959). 
11 Kuba, K , Chikazawa, K., and Koketsu, K., Jap. J. Phystol , 26, 159-175 (1976). 
12 Magazamik, L. G , and Vyskocil, F., J. Physiol., Lond , 249, 285-300 (1975). 








Elevated levels of enkephalin 
in morphine-dependent rats 


Numerous theories propose mechanisms regulating opiate 
dependence. Hughes’? elegantly identified a morphine-like 
factor “enkephalin” which mimics effects of morphine on 
nerve plexus in smooth muscle in a fashion that can be 
antagonised by opiate antagonists, while a compound with 
the same properties has been identified in brain extracts by 
competition for opiate receptor binding’. Enkephalin 
activity has a regional and subcellular distribution simular 
to that of the opiate receptor?’ and was first shown to be 
a mixture of two peptides H-Tyr-Gly-Gly-Phe-Met-OH 
and H-Tyr—Gly-Gly—Phe-Leu-OH by Hughes et al.” with 
a preponderance of the methionine peptide in pig brain’. 
Independently, we identified the same two peptides in 
bovine brain but with four times more of the leucine than 
of the methionine peptide''''. Brain enkephalin differs from 
substances in pituitary gland and hypothalamic extracts 
which mimic morphine”. 

Kosterlitz and Hughes proposed that reduced enkephalin 
release might explain tolerance and physical dependence to 
opiates". Here we report enhanced enkephalin levels in 
brains of morphine-dependent rats, supporting the view that 
changes in enkephalin release account for symptoms of 
tolerance and physical dependence. 

Enkephalin was extracted"® from brains of Sprague- 
Dawley rats (150-175 g weight) by homogenising the brain 
in ten volumes of 0.32M sucrose in a glass tube with a 
Teflon homogeniser. The homogenate was centrifuged at 
100,000g for 1h, the pellet resuspended in two volumes of 
10 mM Tris-HCl buffer (pH 77 at 25°C) and incubated in 
a boiling water bath for 15 min, centrifuged at 100,000g 
for Ih and the clear supernatant lyophilised. To separate 
endogenous enkephalin from the administered opiates, all 
the lyophilised brain extracts were purified on Biogel-P> 
columns. Samples were suspended in 01M ammonium- 
acetate buffer (pH 7.4) and run through Biogel P, columns 
(26Xx1.1 cm, 200-400 mesh) prepared in the same buffer. 
Fractions of 06ml were collected, lyophilised, suspended 
in 50 mM Tris-HCl buffer (pH 7.7 at 25 °C) and assayed in 
triplicate in the opiate binding assay’ *. When *H-morphine 
was mixed with enkephalin, less than 1% of added *H- 
morphine emerged in the enkephalin containing fractions. 
The opiate binding assay was performed in 200 ul of 005M 
Tris-HCI buffer containing membranes from Sprague- 
Dawley rat brains and 012 pmol *H-naloxone (5 mCi/ 
0.04 mg). Specific opiate binding is defined as the difference 
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Table 1 Enkephalin activity and opiate content in morphine- 
dependent, withdrawn and acutely injected rats 





Opiate content 
Enkephalin activity (ng morphine 





(Units perg equivalents per g 
wet weight) wet weight) 
Control 3.38 +0.32 (8) 
Acute morphinef, 30 min 3.42 4+-0.43 (8) 87.5416.2 
Acute morphine, 1 h 4.20+0.51 (8) 154.4+24.0 
Acute morphine, 2 h 4.05 +0.37 (8) 65.4+13.3 
Acute morphine, 4 h 3.78 +0.40 (6) 18.3+ 5.4 
One day morphine pellett 3.65-++0.44 (5) 27.74 3.6 
Five day morphine pellet§ 5.96 +0.72* (10) 64.14 7.1 
Five day morphine pellet plus 
naloxone injection 
(1.0 mg kg~) || 3.26+0.51 (8) 96.5414.1 
Naloxone injection 
(1.0 mg kg-){ 2.84+0.47 (5) 31.0+ 4.0 





For determination of enkephalin ‘activity and opiate content, rats 
were decapitated and brains minus cerebella were homogenised as 
described in the text. Enkephalin activity was separated from opiates 
(morphine or naloxone) by Biogel—P, chromatography (see text and 
Fig. 1) and assayed in an opiate binding assay**. Each treatment was 
performed in 5-10 rats (indicated in parentheses) and enkephalin 
activity content quantified as described in the text. Data are means + 
s.e.m. with the number of rats in parentheses. For methionine and 
leucine enkephalins, 1 unit represents 1.25 pmol and 6.0 pmol 
respectively’, Thus control rat brain would contain 4.2 pmol g~! 
or 20.3 pmol g~ levels of enkephalin if it were exclusively methionine 
or leucine enkephalin respectively. 

All samples were processed by Biogel—-P, chromatography with 
assay of 50 fractions for each sample. There was no overlap between 
enkephalin values of 5-d pelleted rats and control rats or 5-d pelleted 
animals treated with naloxone. 

*Significantly higher than values for control rats and morphine- 
dependent rats treated with naloxone, P < 0,005. 

tMorphine sulphate (15 mg kg-) was injected intraperitoneally 
and animals decapitated for enkephalin extraction 30 min—4 h after 
injection. 

{Morphine pellets (75 mg) were inoculated subcutaneously 24 h 
before enkephalin extraction. 

§One morphine pellet (75 mg) was inoculated. After 2 d two more 
morphine pellets (75 mg each) were inoculated together. Rats were 
decapitated and their brains extracted 5 d after inoculation of the 
first pellet. 


[Rats were treated as ın § except that naloxone (1.0 mg kg-} 


intraperitoneally) was injected 1 h before decapitation and brain 
extraction. 


{Naive animals were injected intraperitoneally with naloxone 


oa mg kg“ intraperitoneally) and the brains extracted 1 h later as 
in | 


in binding in the presence of 1 uM levallorphan from that 
in its absence. Enkephalin activity was quantified using a 
standard curve elaborated with different enkephalin con- 
centrations. One unit of enkephalin ıs defined as that 
amount of enkephalin which yields 50% occupancy, deter- 
mined according to Colquhoun” assuming classical binding 
interactions. The amount of opiate in the brain extracts 
that was run through Biogel-P, columns was also deter- 
mined in the opiate binding assay and quantified by com- 
parison with morphine. Synthetic methionine- and leucine- 
enkephalins emerged from these columns in the same 
fractions as enkephalin extracted from rat brain’. Chro- 
matography on AG-1 columns also showed the same elution 
pattern for synthetic enkephalins and enkephalin activity 
extracted from rat brain Recovery of added methionine- 
and leucine-enkephalins (80-90%) was the same for control 
and morphine pelleted rats. 

One hour after a single injection of morphine (15 mg kg 
intraperitoneally) enkephalin levels increase about 25%, 
which attains statistical significance in some experiments 
(Table 1). No augmentation is detected 30 min after mor- 
phine injection and the levels of enkephalin then decline. 

To evaluate the influence of tolerance and physical 
dependence, rats were implanted with slow-release morphine 
pellets and their brains assayed for enkephalin and mor- 
phine content 1 and 5d later (Table 1; Fig. 1). At 1d, 
enkephalin levels are no different from those of control 
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animals, though brain levels of morphine at this time are 
only 15% of those obtained 1h after an acute injection of 
morphine, consistent with the reported slow release of mor- 
phine from such. pellets in rats’*’’. Five days after initial 
pellet implantation and 3d after the second pellets, when 
tolerance and physical dependence are maximal'*”’, enke- 
phalin levels are increased 75% over control values; 1h 
after precipitating abstinence in animals by naloxone treat- 
ment (1.0 mg kg™ intraperitoneally), enkephalin levels have 
returned again to control values. In naive rats the same 
dose of naloxone produces no alteration in enkephalin levels. 

Changes in enkephalin activity are not simply related to 
presence in the brain of the opiate administered to the 
animals, because naloxone injection reduces enkephalin 
levels in 5-d morphine pelleted rats, while it increases the 
opiate content of the brain (Fig. 1; Table 1). Moreover, 
after a single injection of morphine, enkephalin levels are 
substantially lower than after 5d of morphine pellets, yet 
with the acute injection of morphine, the total opiate 
content of the brain is two- to threefold higher than after 
pellet implantation. 

Do the elevated levels of enkephalin in morphine pelleted 
rats represent the same substance as that detected in control 
animals? One unique characteristic of enkephalin activity 
is its enhancement by manganese but not by calcium ions 
and its depression by sodium but not potassium ions**. As 
previously reported for crude and purified enkephalin pre- 
parations, in control rats as well as in morphine pelleted 
animals and rats treated with both morphine pellets and 
naloxone, ionic influences on enkephalin activity are 
essentially the same. Thus in all three cases, 15mM and 
100 mM sodium reduce enkephalin activity about 60 and 
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Fig. 1 Biogel-P, chromatography of enkephalin activity from 
control, morphine-dependent and morphine-dependent, nalox- 
one-injected rats. Morphine dependence was elicited by implant- 
ing one morphine pellet (75 mg) for 2 d and then two other pellets 
(75 mg each) together for another 3 d before brain extraction. 
Abstinence was precipitated by intraperitoneal injection of 1.0 
mg kg™ naloxone to rats 5 d after morphine pellet implantation, 
and the brains were extracted 1 h after naloxone injection. Each 
treatment was performed with 5-8 animals. Enkephalin was 
extracted, run through Biogel-P, column and assayed ın the opiate 
receptor binding assay as described in the text. The same Biogel-P, 
assay was calibrated with *H-morphine, synthetic methionine- 
enkephalin and non-radioactive insulin (molecular werght, 
6,000). The negligible overlap of enkephalin and opiate profiles 
and their comparable magnitude ensures that enkephalin activity 
determinations are not affected to a great extent by opiate 
content of brain. ©, control; @, morphine dependent; x, 
morphine dependent-+ naloxone. 
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70% respectively, while the same concentrations of potas- 
sium have no effect. By contrast, 1 mM manganese increases 
enkephalin activity about 50-70% in all three groups of 
animals, although the same concentration of calcium has 
no appreciable influence. Elevated enkephalin levels in mor- 
phine-dependent rats remain apparent regardless of ionic 
manipulations. 

How might these changes in enkephalin activity relate 
to opiate dependence? The jumping, wet shakes and diar- 
rhoea associated with morphine abstinence are observable 
in our animals 5 min after naloxone injection, peak at about 
15min and subside by 60min, as reported by others’, 
Coincident with the reduction in abstinence symptoms 1h 
after naloxone administration, sensitivity to the analgesic 
effects of morphine returns almost to control levels”, when 
enkephalin levels have also declined to control values. Thus 
the changes in enkephalin activity after chronic treatment 
with morphine and induction of abstinence corrélate with 
behavioural changes associated with tolerance and physical 
dependence. 

Brain levels of dopamine and acetylcholine reflect changes 
in the firing rate of cholinergic and dopaminergic neu- 
rones™?®, Cessation of firing is accompanied by an elevation 
of the levels of these transmitters. If enkephalin is a neuro- 
transmitter or neuromodulator of analogous neuronal sys- 
tems, elevations in enkephalin activity might reflect a slowing 
in the firing rate of “enkephalinergic” neurones. Conceiv- 
ably large doses of morphine substitute for the physiological 
effects of enkephalin and, by a “feedback” message, cause 
the enkephalinergic neurones to reduce their activity as 
proposed by Kosterlitz and Hughes™. Such a mechanism 
could account for the behavioural manifestations of opiate 
tolerance and physical dependence. With acute morphine 
administration, opiate receptors are exposed both to mor- 
phine and enkephalin. With chronic morphine administra- 
tion, enkephalin release slows or ceases, and opiate 
receptors, now exposed only to morphine, appear “tolerant”. 
On abrupt cessation of opiate administration or with anta- 
gonist treatment, receptors are deprived both of the opiate 
and of enkephalin, resulting in “abstinence”. As the firing 
rate of enkephalin neurones returns to normal, elevated 
levels of enkephalin decline to control values, and the 
organism is again normally responsive to opiates. Possibly, 
the “feedback” message to the enkephalin neurones is 
mediated by changes in cyclic nucleotides in postsynaptic 
cells containing opiate receptors”. 
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Prolactin suppresses release of luteinising 
hormone during lactation in the monkey 


STUDIES with rats have shown that during lactation there is an 
inhibition of luteinising hormone (LH)-dependent physiological 
events, such as implantation’, and a return to oestrus cyclicity?. 
This inhibition has been shown to occur only during the intense 
suckling phase and it has been correlated with the high levels of 
prolactin present in the circulation at this time. Although 
exogenous prolactin could substitute for the effects of intense 
suckling, it could do so only under the permissive influence of 
minimal suckling stimulus. We have shown that there is, in 
these conditions, a lowering of LH levels, and that this is due 
to interference by prolactin with the pituitary responsiveness 
to LH-releasing hormone (LHRH) (K. Muralidhar, R. M. and 
N. R. M., unpublished). Using the lactating monkey, we have 
now demonstrated a similar inhibitory effect of prolactin on 
pituitary responsiveness to LHRH, suggesting a mechanism by 
which amenorrhoeic conditions are maintained during lactation. 

Four female bonnet monkeys (Macaca radiata), in the second 
month of lactation, were caged individually with their babies 
and maintained in standard laboratory conditions®. Synthetic 
LHRH (100 pg AY-24, 031-4, given by Dr F. Labrie) in 1 ml 
0.9% NaCl was administered through the femoral vein. LHRH 
was first injected while the mother was suckling her baby and 
blood was withdrawn by venepuncture 10, 20 and 40 min 
later. The baby was then separated from the mother for 24 h, 
at the end of which period a second injection of 100 pg LHRH 
was given, followed by blood sampling at the intervals indicated 
above. After a rest of 2-3 weeks the same monkeys were used 
for the prolactin inhibition experiment. The experimental 
protocol was identical to that described above, except for the 
intramuscular injection of 5 mg ovine prolactin (NIH-P-S5) 
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Time (min) 


Fig. 1 Effect of suckling on pituitary response to LHRH. Four 
monkeys in the second month of lactation were used. LH was 
measured in duplicate tn 0.1-ml samples by the double-antibody 
radioimmunoassay, using human LH (given by Dr C. H. Li), for 
iodination and standard and human chorionic gonadotrophin-B 
antiserum (NIAMDD, NIH) as a source of antibody. This 
assay accurately measured LH in the range of 0.1-5 ng. 
—, Suckling; — —, non-suckling. 
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in 0.5 ml 0.9% NaCl 1h before administration of LHRH. 
In all experiments a control blood sample was taken 30 min 
before injection of either prolactin or LHRH. Serum LH was 
estimated by the double-antibody radioimmunoassay at 37 °C 
as described previously‘~* (details in Fig. 1). 

Administration of LHRH resulted in an increase in serum 
of LH within 10 min, in both the suckling group and those 
from which the suckling stimulus was withdrawn for 24h 
(Fig. 1). Whereas this increase in LH levels was maintained 
until 40 min in the suckling group (P < 0.02 between control 
and 40-min sample), LH reached control values in the non- 
suckling group by 20 min (P > 0.5 between control and 20-min 
sample). The basal level of LH was significantly increased after 
withdrawal of the suckling stimulus for 24h (from 0.6-40.12 
ng ml to 0.95+0.07 ng ml71, P < 0.001). 

Administration of 5 mg prolactin 1h before injection of 
LHRH resulted in a suppression of LH release into the circu- 
lation only in the group in which the suckling stimulus was 
present (Fig. 2a). This suppression of LH continued until 
40 min after injection of LHRH. At any given time interval 
tested, LH levels in the prolactin-treated suckling group were 
significantly lower than in the corresponding controls. In 
contrast, withdrawal of the neurogenic stimulus of suckling 
for 24 h resulted in an inability of prolactin to block LH release 
(Fig. 26). Although a comparison between the lactating and 
the non-lactating groups provided a means of assessing the 
influence of suckling/endogenous prolactin on LHRH respon- 
siveness, the model in which exogenous prolactin was used, 
although it is a heterologous species, clearly shows that 
prolactin per se influences pituitary responsiveness to LHRH 
during lactation. 

Ovarian quiescence during lactation has attracted the 
attention of several investigators. Our study with subhuman 
primates demonstrates that during lactation the monkey, 


Fig. 2 Effect of prolactin on pituitary response to LHRH 

during lactation in the presence (a) and absence of suckling 

stimulus (b). P values were calculated for values at any given 

time between the treated and untreated groups. All values 

> 0.05 were considered to be not significant. —, No prolactin; 
- , plus prolactin. 
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similar to the rat, has a decreased responsiveness to LHRH. 
Although the ability of LHRH to release LH from the pituitary 
ts reduced if suckling is present, the effect 1s further accentuated 
by a single injection of prolactin. Based on our results with the 
rat, it can be presumed that in the monkey also the inhibitory 
effect of prolactin on pituitary responsiveness is direct, and 
not mediated by ovarian or adrenal progesterone. The mech- 
anism and duration of this inhibition is under investigation. 

Although others have shown with rats that continued 
application of the suckling stimulus by litter replacement’® or 
injection of prolactin? can prolong lactation considerably, 
we have observed that a single injection of prolactin can extend 
the anoestrus period significantly?. Recent studies in humans 
have shown that thyrotropin-releasing hormone (TRH) extends 
the lactational amenorrhoeic period. Whethe: continued use 
of TRH would, in addition to releasing prolactin by con- 
tinuously releasing thyroid-stimulating hormone (TSH), have 
an adverse effect on thyroid metabolism is a point to be 
considered. The present study, by demonstrating the possible 
mechanisms whereby gonadoptrophin release is suppressed 
during lactation, suggests the use of human prolactin to extend 
the amenorrhoeic condition in lactating women. 

The monkey is known to be less responsive to LHRH than 
the human and the rat. Consequently, the increase (28-66 %) 
in LH levels observed after administration of LHRH and 
the maintenance of the response for 20-40 min suggests that 
we observed a true increase in LH. It has been suggested that 
there is no apparent difference in the levels of follicle-stimu- 
lating hormone and LH between lactating and non-lactating 
humans!2. With the radioimmunoassay techniques available 
it may be difficult to pick out differences in the levels of these 
hormones, particularly when looking for a suppression over 
the tonic levels. Our study with the monkey, as well as our 
earlier work with the rat, has shown that withdrawal of the 
suckling stimulus results in an increase in LH levels over the 
basal value. Similarly, the use of LHRH has enabled us to 
show the presence of a clear difference in LH levels of lactating 
and non-lactating animals. 

This study, however, does not exclude the effect of suckling/ 
prolactin directly on the ovarian responsiveness to exogenous 
gonadotrophins. McNatty er a/.!3, using in vitro cultures of 
human granulosa cells, have suggested thate prolactin could 
have an influence on the end-organ responsiveness to exogenous 
gonadotrophins. 

This work was supported by the Indian Council of Medical 
Research, New Delhi. R. M. is a senior research fellow of the 
Council of Scientific and Industrial Research. 
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Bacteria necessary to produce 
experimental autoimmune myasthenia gravis 
in acetylcholine receptor-immunised rabbits? 


WE have’? described previously a paralytic disease observed 
in rabbits immunised with small doses, in Freund’s complete 
adjuvant, of nicotinic cholinergic receptor protein (nAChR) 
isolated from the electric organ of Torpedo marmorata 
Decremental muscle response after nerve stimulation and 
positive effects of anticholinesterase administration, decrease 
in miniature endplate potential amplitude and increased 
curare sensitivity were similar to findings in patients suf- 
fering from myasthenia gravis. Nicotinic AChR antibody 
titres above 2-3 mg ml™' have been found, the observed 
muscle decrement increasing with increasing antibody titre. 
Occasionally, variations in electromyographic activity were 
observed, suggesting denervation Morphological analysis*** 
showed severe destruction of postsynaptic motor endplate 
areas and reduction of toxin-binding sites, followed by 
changes at the presynaptic side. A second stage of the 
disease was characterised by high sensitivity to nAChR 
injections and by the presence of motor endplates lacking 
secondary postsynaptic foldings. Our work and that of 
others (for review see ref 5) suggests that an immune res- 
ponse to nAChR seems to be involved in the aetiology of 
experimental autoimmune myasthenia gravis (EAM) just as 
is suggested for human myasthenia gravis. The role of a 
humoral and/or cellular immune response and that of the 
thymus are under discussion*®. The decremental response to 
repetitive nerve stimulation may be caused directly and/or 
indirectly by nAChR antibodies, whereas defects in electro- 
myographic activity such as high frequency discharges and 
fibrillation action potentials which we have observed may 
have been caused by other, accompanying mechanisms. 
This report deals with the role of bacteria in EAM and 
with the relationship of the antibody titre to the electro- 
physiological findings. 

A, sterile-filtered receptor solution produced a low anti- 
body titre, and no decremental response on repetitive stimu- 
lation or response to Tensilon was observed. The nAChR 
used previously’ in immunisation which always resulted 
in animals with EAM was obtained after solubilisation with 
phosphate buffer containing 1% Triton X-100 and purifica- 
tion by affinity and ion-exchange chromatography. Sodium 
azide (0.02%) was added to the purified receptor to prevent 
further growth of bacteria. About 30 rabbits were im- 
munised with such preparations, all of which showed 
typical symptoms of EAM. 

We have introduced a sterile filtration step (Millipore 
filters, pore size 0.22 um) after Triton X-100 solubilisation 
to reduce bacteria present from 4,000-12,000 to 30 ml”. 





Table 1 Relationship between nAChR antibody titre and decremental 
muscle response after repetitive stimulation of peroneal nerve 








Rabbit Antibody titre Decrement 
no (mg ml» (%) 
1 2.9 56 
2 4.9 25 
3 6.7 62 
4 3.0 37 
5 3.4 40 
6 1 07 5 
7 i 1.2 8 
8 i 0.7 6 
9 07 6 
10 0.5 7 





Antibody titres and decrement in rabbits immunised with a 
non-sterile (1-5) and a sterile (6-10) receptor preparation. 
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The receptor obtained had chemical and physical properties 
similar to those of material obtained previously, except for 
a considerably lower antigenicity, as expressed in obtained 
antibody titre in otherwise identical conditions. Rabbits 
immunised with a ‘sterile’ receptor show greater variability 
in the onset time for the disease, but the clinical picture 
observed is close to those animals observed previously. The 
electrophysiological investigations revealed only a very small 
decrement, about 5-10%, which could not be responsible 
for the severe visible symptoms in the examined rabbits. An 
analysis of the receptor antibody titres (rocket immuno- 
electrophoresis) showed that these are rather low, below 
1.2 mg ml”?. A return to receptor purification without sterile 
filtration resulted in rabbits with high antibody titres and 
greater decrement. Results from ten rabbits are sum- 
marised in Table 1. 

We conclude thet so called ‘EAM rabbits’ may suffer 
from at least two different kinds of defects one at the 
neuromuscular junction, which may be of the kind observed 
in myasthenia gravis (this defect seems to be clearly cor- 
related with the titre of circulating antibody to nAChR); 
and one, responsible for the severe symptoms visible in rab- 
bits immunised with receptor isolated after sterile filtration, 
which seems to involve denervation rather than neuro- 
muscular deficiency, revealed in the electromyographic 
investigation as high frequency discharges and fibrillation 
action potentials’. These effects were observed also at low 
nAChR antibody titres. 

We have found therefore that besides ‘myasthenic 
symptoms’ EAM rabbits seem to have another type of 
weakness, not correlated with high antibody titre. We may 
be dealing with a potentiation of nAChR antigenicity, but 
a specific effect of a bacteria—for example, due to binding 
to and/or transformation of nAChR-—may well be the 
explanation. It is also possible that the filtration step 
removes non-bacterial material—for example, aggregated 
proteins. We have, however, not noticed a lower receptor 
yield in our final preparations. 
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Cyclic AMP and cyclic GMP may play 
opposing roles in influencing force of 
contraction in mammalian myocardium 


Cyctic AMP and cyclic GMP have been suggested to play 
opposing regulatory roles in several biological systems'. Sup- 
porting evidence for the yin yang hypothesis of opposing 
biological regulation has been obtained in sympathetic ganglia? 
and pyramidal neurones in the rat cerebral cortex‘. In the mam- 
malian heart, the role of cyclic AMP in mediating the positive 
inotropic response to catecholamines was advanced by the 
observation that the inotropic effect was preceded by an increase 
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in cyclic AMP levels’. On the other hand, the levels of cyclic 
GMP were found to be increased after cholinergic stimulation®. 
In frog, oscillations of cyclic AMP’ and cyclic changes in the 
levels of cyclic AMP and cyclic GMP® during the cardiac cycle 
have been reported. The importance of cyclic AMP for the ino- 
tropic effects of catecholamines was confirmed by the observa- 
tion that the dibutyryl derivative of cyclic AMP exerted a positive 
inotropic effect in cat papillary muscles® and in the isolated 
perfused hearts from rabbits, rats and guinea pigs?®. I now report 
a direct negative inotropic effect of 8-Br-cyclic GMP on force of 
contraction (Fo) 1n rat auricles and papillary muscles from cats. 

Rats and cats were anaesthetised with ether and either auricles 
or papillary muscles were dissected from the heart and mounted 
in a muscle chamber for recording mechanical activity as 
described previously". Left auricles were driven electrically at 
2 Hz and cat papillary muscles at 0.2 Hz. Drugs (all cyclic 
nucleotides from Boehringer/Mannheim) were freshly dissolved 
in distilled water and 0.1 ml was injected into the muscle 
chamber containing 5 ml of Tyrode solution (composition in 
mM: NaCl, 136.9; KCI, 5.4; MgCl, 1.05; CaCl, 1.8; NaH,PO,, 
0.42; NaHCO,, 11.9; glucose, 5.5) which was gassed with 
95% CO.-5 % O, and heated to 35 °C. 

Figure 1 shows the influence of 8-Br-cyclic GMP on Fe in 
electrically driven left auricles and on frequency of spontaneously 
beating right auricles isolated from rat hearts. 8-Br-cyclic GMP 
exerted a concentration-dependent negative inotropic effect; 
when the preparation was washed three times in drug-free 
solution, the negative inotropic effect was partially reversible, 
but F did not return fully to its previous control value within 
60 min. The frequency of spontaneously beating right auricles 
was not significantly affected by 8-Br-cyclic GMP within the 
whole concentration range. Control experiments showed that 
the negative inotropic effect of 8-Br-cyclic GMP was not influ- 
enced when the preparations were pretreated with 5x 10-* M 
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Fig. 1 Effect ofj 8-Br-cyclic GMP on force of contraction (Fe) 
and frequency in isolated auricles from rat hearts. Fe was deter- 
mined in electrically driven left auricles, frequency ın spontan- 
eously beating right auricles. a, Original traces of a left (upper) 
and a right (lower) auricle in response to 3 x 1074 M 8-Br-cyclic 
GMP. Addition of drug is indicated by the arrows. b, Concen- 
tration—response relationships. Each concentration was tested in 
individual preparations. Symbols represent means-ts.e. of 8- 
16 preparations Values of s.e. for the frequency of contraction 
are smaller than the size of the symbols used and are therefore 
omitted. O, Frequency; @, Fe. 
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Fig. 2 Effect of 3x 10-* M 8-Br-cyclic GMP on Fe in a cat 
papillary muscle. 


atropine sulphate. 10-3 M cyclic GMP (not substituted) or 
10-3 M NaBr did not affect Fe. Figure 2 shows the influence of 
8-Br-cyclic GMP on F; in a cat papillary muscle (mean-ts.e. of 
four experiments: decrease of Fe to 67.743.7% of control 
values). The negative inotropic effect of 8-Br-cyclic GMP was 
fully reversible within 60 min when the preparation was washed 
three times in drug-free solution. For comparison, the effects of 
8-Br-cyclic AMP were also studied. In papillary muscles from 
cats, 8-Br-cyclic AMP did not affect FL; however, after’ pre- 
treatment with the strong phosphodiesterase inhibitor papaver- 
ine (2x 10-5 M) a positive inotropic effect was observed (Fig. 3; 
mean-ts.e. of six experiments’ increase of F, to 180 +22.1% of 
control values before addition of 8-Br-cyclic AMP). 

In atrial tissue, studies with cyclic AMP and its derivatives are 
complicated by the fact that the breakdown products of cyclic 
AMP or cyclic AMP itself—if applied from outside the cell— 
have a strong negative inotropic effect in auricles!*. In rat left 
auricles, 8-Br-cyclic AMP caused a sharp decline of Fe that was 
followed by a second component of a slowly developing increase 
in Fe (Fig. 4). This second component seems to correspond to the 
positive inotropic effect seen in cat papillary muscles (Fig. 3), 
since it was augmented after pretreatment with 2x105 M 
papaverine. 
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Fig. 3 Effect of 3x10-* M 8-Br-cyclic AMP in a papillary 
muscle from a reserpinised cat (Serpasil, Ciba, 5 mg kg~4, 18 h 
before the experiment) in the presence of 2 x 10-5 M papaverine 
Both papaverine and 8-Br-cyclic AMP alone did not affect Fe but 
only if given in combination. The same positive inotropic effect 
was obtained when 8-Br-cyclic AMP was added first and then 
papaverine. Papaverine itself (2 x 10-5 M) exerts a slight positive 
inotropic effect in papillary muscles from non-reserpinised cats 
that is accompanied by an increase in the slow inward current as 
measured by the voltage clamp technique (H.N., to be pub- 
lished). The positive inotropic effect disappears after pretreat- 
papaverine has a negative motropic effect; this corresponds to the 
findings of Schneider et a/.4 who reported a depression of Ca- 
dependent action potentials in the guinea pig heart with 4 x 10~* 
M papaverine. Papaverine (2 x10- M) was given in preference 
to other drugs because it strongly inhibits the phosphodiesterase 
activity in the heart but does not affect Fe in cat papillary 
muscles provided that any adrenergic influences are excluded. 
Cats were reserpinised to exclude catecholamine effects due to 
either papaverine or 8-Br-cyclic AMP. This is an appropriate 
and widely used method to exclude any interference by nora- 
drenaline which may be eventually released by the use of some 
drugs. The possibility that 8-Br-cyclic AMP releases noradrenaline 
is not excluded; papaverine, indeed, 1s able to release endo- 
genously stored catecholamines*. 
6 
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Fig.4 Effect of 3 x 107? M 8-Br-cyclic AMP without (a) and in 
the presence of 2 x 10-5 M papaverine (b) in the same preparation 
(rat left auricle). Papaverine alone had a positive inotropic effect : 
control Fe in (b) before addition of 8-Br-cyclic AMP, indicated by 
the arrows, was about twice as big as in (a). The initial negative 
inotropic effect of 8-Br-cyclic AMP in rat atrial muscle most 
probably resulted from 8-Br-cyclic AMP per se, if applied from 
outside the cell, since 107? M 8-Br-5’ AMP (Schwarz/Mann)— 
the non-cyclic breakdown product of 8-Br-cyclic AMP—did not 
produce either the negative or the positive inotropic effect. 


These findings indicate a positive inotropic action of 8-Br- 
cyclic AMP and the sum of results therefore suggests an opposite 
influence of cyclic GMP and cyclic AMP on F., in atrial as well 
as in ventricular myocardium. In contrast to the negative ino- 
tropic action of 8-Br-cyclic GMP in rat auricles, the pacemaker 
activity was virtually unaffected by the drug. This points to a 
difference in the action of acetylcholine on rat atrial muscle. 
Voltage clamp experiments have shown that the negative ino- 
tropic effect of acetylcholine in mammalian atrial muscle can be 
explained by an increase in potassium conductance at lower 
doses and, additionally, by a decrease in calcium conductance 
at higher doses!’. It remains open whether similar conductance 
changes are brought about by the action of cyclic GMP and can 
be related to the corresponding changes in force of contraction. 

I thank Dr Wollenberger for suggesting use of the 8-Br- 
derivative of cyclic GMP and Mrs Gibson for technical help. 
This research was supported by a grant from the Deutsche 
Forschungsgemeinschaft. . 
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Opposing effects of cyclic AMP 

and cyclic GMP on protein 

phosphorylation in tubulin preparations 
CycLıc AMP and cyclic GMP have been postulated to be in 
certain cases, antagonistic intracellular messengers of many 


hormones and neurotransmitters acting at the cell mem- 
brane’. At least part of their antagonism may be the result of 
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their ability to affect, in opposite directions, specific protein 
kinases and phosphates which work on common substrates 
(enzymes, structural proteins). Cyclic AMP and cyclic GMP 
have been found to activate, and the former also to inhibit, 
specific protein kinases*"*; cyclic AMP can activate or in- 
hibit’-* specific protein phosphates, and both cyclic nucleo- 
tide-sensitive protein kinases and protein phosphates have 
been isolated forming a complex with their substrate’. Some 
of these effects of cyclic nucleotides, however, have been 
found to depend on the type and concentration (not neces- 
sarily physiological) of the ion used in the assay* and no 
direct evidence exists to show that one of the cyclic nucleo- 
tides opposes the effects of the other on protein phosphory- 
lation. We report here that physiological concentrations 
(10°? M-10°° M) of cyclic GMP oppose the cyclic AMP 
(10°°M) dependent phosphorylation of a soluble, perhaps 
tubulin-related brain protein, possibly by activation of a 
phosphoprotein phosphatase. 

The enzyme preparation we used is the eluate of the 
second of two sequential isodeacetylcolchicine-deacetylcol- 
chicine (I-DAC) affinity columns used? to purify tubulin 
from 100,000g rat brain supernatants (see legend to Table 
1). Previous studies have shown that tubulin purified by 
these and other methods, contains endogenous protein 


32P incorporated into protein (c.p.m. x 1072) 





Protein (ug) 


Fig.1 Effect of cyclic GMP on endogenous protein phosphory- 
lation as a function of the concentration of protein. Data 
presented correspord to the same experiment: a, whole protein 
kinase; b, cyclic AMP-stimulated protein kinase Preparation 
of the kinase and its assay (5 min, 37 °C) were as described 
in Tables 1 and 2. The following additions were made to the 
assay mixture: (@) 2.5 x 10-® M cyclic AMP, (A) 2.5 x 10-§ M 
eyclic AMP plus 2.5x 10-7 M cyclic GMP, (0O) 2.5x10-*M 
cyclic AMP plus 2.5 10-8 M cyclic GMP, (O) 2.5x10-°M 
cyclic AMP plus 2.5 x 10-° M cyclic GMP. 
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kinase activity’ which specifically phosphorylates high 
molecular weight proteins closely associated with tubulin’. 
Furthermore, essentially all of the kinase activity in such 
preparations (including that observed in the absence of 
added cyclic AMP) is fundamentally cyclic AMP dependent 
since total suppression of activity occurs® on addition of a 
specific muscle protein kinase modulator”. 

Phosphorylation of endogenous protein in the various col- 
chicine-Agarose eluate fractions is strongly opposed by very 
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cyclic GMP vary between 1077 and 107° M. Although there 
is some experimental variability, the data from many experi- 
ments indicate that cyclic GMP concentrations above or 
below 10° M are usually less effective (Tables 1 and 2A). 

The inhibitory effect of cyclic GMP and the relative effec- 
tiveness of varying concentrations of this nucleotide are 
maintained over a relatively wide range of protein concen- 
tration in each individual experiment, although the total 


phosphorylation varies from preparation to preparation (for 








Table 1 Cyclic GMP inhibition of protein kinase activity in various fractions of a rat brain tubulin preparation 





+ 


32P incorporated into protein (c.p.m.) 


Addition . Column effluent (fraction number) 

1 2 3 4 5 6 
None < 0 0 0.. .120 » 450 480 
2.5 x 10-8 M cyclic AMP 0 50 2,580 » 1,850 830 290 | 
2.5 x 10-§ M cyclic AMP-+2.5 x 107? M cyclic GMP 220 100 60. 260 - 590 380 
2.5 x10- M cyclic AMP+2.5 x 10-8 M cyclic GMP 250 320 0 80 0 410 
2.5 X 107° M cyclic AMP+2.5 x10 M cyclic GMP 180 l 0 0 160 370 400 





Cyclic GMP inhibition of protein kinase activity in various fractions of a rat brain tubulin preparation chromatographed on a I-DAC- 
Agarose affinity column. Rat brains (10 g) were homogenised ın 10 ml of 10 mM sodium phosphate, pH 7.65, containing 5 mM MgCl, and 
1 mM GTP (buffer A). The 100,000g (1 h, 4 °C) supernatant of the homogenate was applied (4-10 °C) on a 2 ml I-DAC~—Agarose column? (con- 
taming 160 nmol of bound ligand) equilibrated with buffer A. The column was washed thoroughly (50 ml) with buffer A before the protein was 
eluted with the same buffer containing 0 1 M NaCl! (4 °C). The eluate was desalted on a 40-ml Sephadex G-25 (coarse grade) column equilibrated 
with buffer A. The protein was then reapplied to the same I-DAC column after washing with 7 M guanidine-HCl followed by equilibration with 
buffer A. The 0.1 M NaCl eluate of this column was collected in sequential 0 7-ml fractions, each of which was tested for protein kinase activity 
using the endogenous protein present in the sample as substrate. The enzymatic assay mixture contained, ın a total final volume of 200 ul, 
50 umol potassium phosphate, pH 7.5, 5 umol MnCl,, 2 nmol of unlabelled ATP,,2 x 10° c.p.m. of y-32P-ATP and 50 ul of sample (column 
eluent) which contained 5 mM MgCl, 1 mM GTP and 0.1 M NaCl. The samples were incubated for 5 min at 37 °C and the reaction was 
stopped by the addition of 3 ml of ice-cold 20% trichloroacetic acid plus 300 ug of serum albumin per 200 pl of assay mixture. The values 
have been corrected for blanks (880 c p.m.), which were determined by adding the radioactivity after stopping the reaction. The 32P incor- 
porated into protein was determined (liquid scintillation) in the second 20% trichloroacetic-acid precipitate after dissolving ın 0.5 ml of | M 
NaOH. Values are averages of duplicate replications. ‘ 


low, physiological concentrations of cyclic GMP (Table 1, 
fractions 3, 4 and 5). Although such inhibition is most 
marked when exogenous cyclic AMP is added, significant 
inhibition occurs reproducibly even in the absence of added 
cyclic AMP. The inhibition occurs at physiological pH (7.5) 
and temperature (37°C), whether Mg?* (5mM), Mn?* 


example, we ‘have observed endogenous phosphorylation- 
dephosphorylation in preparations containing as little as 
1 wg'of protein per assay) (Fig. 1). 

During the early stages of the kinase assay (for example, 
1 min) the inhibitory effect of cyclic GMP is usually not 
apparent (Table 24) As incubation progresses (from 5 to 


(5 mM), or both are used and the optimal concentrations of 10 min), with the concomitant increase in the quantity of 





Table 2 Effect of length of incubation on the cyclic GMP inhibition of cyclic AMP-stimulated protem 
kinase activity of tubulin preparations 





32P (c.p.m.) incorporated into protein 


Cyclic nucleotide added Incubation time (min) 


1 2 5 
Experiment A : - 
None : í 130 220 540 
2.5 x 10-8 M cyclic AMP 380 1,000 2,570 
2.5 x10778 M cyclic AMP -4-2.5 x 10-5 M cyclic GMP 240 640 1,640 
2.5x 10-8 M cyclic AMP+2.5 x107? M cyclic GMP 570 430 1,410 
2.5 x107: M cyclic AMP+2.5 x 10-8 M cyclic GMP 430 780 180 
2.5 x107 M cyclic AMP-+2.5 x10 M cyclic GMP 360 660 400 
2.5 X 1078 M cyclic AMP+2.5 x107" M cyclic GMP > 310 570 740 
2.5 X10-® M cyclic AMP-+-2.5 x 10-1! M cyclic GMP 470 740 500 
5 10 15 
Experiment B 
None 1,180 800 160 
2.51078 M cyclic AMP 2,260 910 340 
2.5 107° M cyclic AMP+2.5 x 10-7 M cyclic GMP 710 1,020 20 
2.5 107° M cyclic AMP+2.5 x 10-8 M cyclic GMP 1,240 i 0 0 
2.5 x107 M cyclic AMP+2,5 x107 M cyclic GMP , 440 550 50 








Effect of length of incubation on the cyclic GMP inhibition of cyclic AMP-stimulated protein kinase activity of tubulin preparations. The 
two independent experiments shown were carried out with protein purified on two sequential I-DAC affinity columns, as described in Table 1. 
The eluent samples of the second column were pooled before assay. Kinase activity was determined as described in Table 1, using the endogenous 
protein as the substrate (15 ug). Results essentially similar to those described here have been obtained in at least 20 separate experiments. The 
data have been corrected for blanks (490 c.p.m. in A, 1,100 c.p.m. in B). 
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phosphorylated protein, the effect of cyclic GMP becomes 
apparent. With progressively longer periods of incubation, 
however, the effects of cyclic GMP become less obvious, 
or are obscured by the obvious dephosphorylation which 
occurs spontaneously in all conditions (Table 2B). The 
kinetic data are most consistent with a cyclic GMP-induced 
acceleration of a protein dephosphorylation reaction. 
Addition of adenosine thiotriphosphate (as a carrier) to- 
gether with y-’P-ATP decreases greatly the rate of spon- 
taneous dephosphorylation, consistent with the presence of 
protein phosphatases”. 

Although the kinase activity in the tubulin preparation 
can effectively phosphorylate exogenously added proteins 
such as histone (lysine enriched, f1), such phosphorylation 
is not opposed by cyclic GMP (Table 3). On the other hand, 
phosphorylation of aged (24h, —20 °C) colchicine—Agarose 
eluates (I-DAC), which also occurs readily in the absence of 
cyclic AMP, is clearly inhibited by cyclic GMP in the 
absence, but not presence, of cyclic AMP. This suggests that 
the cyclic GMP-enhanced dephosphorylation may be re- 
stricted to certain specific sites of natural protein substrates. 
These latter sites are probably not the only ones available 
for phosphorylation in the aged natural substrate when the 
protein kinase activity is fully expressed (that is, in the 
presence of cyclic AMP). 
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selves phosphorylated by a cyclic AMP-dependent protein 
kinase. We will not speculate further on the possible mecha- 
nism of this cyclic GMP effect. These observations, together 
with earlier studies demonstrating that the kinase activity 
of the tubulin preparation used here is completely cyclic 
AMP dependent’, and that the proteins phosphorylated (in 
vivo as well as in vitro) are specific high molecular weight 
proteins closely associated with the 36S tubulin molecule*, 
may be pertinent to understanding the regulation of the 
structure and function of tubulin and microtubules The 
specific cyclic GMP effect described here may also have 
broader significance with respect to the biochemical actions 
of this cyclic nucleotide. The low levels of protein phospha- 
tase activity in preparations of tubulin obtained by two 
cycles of polymerisation-depolymerisation may reflect a 
weak association of the protein phosphatase with tubulin, or 
may be uniquely related to the specific method of purifica- 
tion. The fact, however, that certain colchicine derivatives, 
such as that used in the affinity adsorbent used here, inhibit 
bacterial and animal non-protein alkaline phosphatases as 
well as vegetable non-protein acid phosphatases” opens 
the possibility that the I-DAC affinity column may also 
retain protein phcsphatases physiologically unrelated with 
tubulin or functionally related proteins. 

This work was supported by grants from the NIH, the 
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Table 3 Effect of cyclic GMP on the phosphorylation of endogenous and exogenous substrates 


by the eluate of I-DAC-Agarose affinity columns 
Ca ew ae es 


Cyclic nucleotide additions 


None 

5x10- M cyclic AMP 

5x107 M cyclic GMP 

5x 10-8 M cyclic GMP 

5x10- M cyclic GMP 

5x 10-® M cyclic AMP+5 x 10-7 M cyclic GMP 
5x10 M cyclic AMP-++5 x 10-8 M cyclic GMP 
5x10- M cyclic AMP-+5 x10- M cyclic GMP 


32P (c.p.m.) incorporated into protein 


Fresh I-DAC Aged I-DAC 


protein protein Histone* 
700 4,070 3,210 
3,770- 4,580 5,120 
780 , 2,920 3,980 
600 1,900 5,560 
580 3,820, 6,320 
1,270 3,850 5,490 
,000 4,390 7,620 
1,120 4,110 6,810 


a aaaea aaaaaaaaaaaamamaaħÃħňĂÁŽ 
Effect of cycli GMP on the phosphorylation of endogenous and exogenous substrates by the eluate of I-DAC-Agarose affinity columns. 


The kinase preparation describe 


in Table 2 was incubated for 5 min (37 °C) with no other addition (fresh I-DAC protein), with an aged, desalted 


eluent fraction (10 ug of protein) which had been stored at —20 °C for 24 h (aged I-DAC protein) or with 10 tg of histone. Assay conditions 


were as described in Table 1. X 
*Histone type V (Sigma), lysine-rich subgroup f1. 


The effects of cyclic GMP cannot be explained on the 
basis of competition or direct antagonism of a cyclic AMP 
effect since they can occur even in the absence of cyclic 
AMP, they clearly follow an initial phosphorylation reaction, 
the inhibition is much less effective at the highest concentra- 
tions of cyclic GMP tested, and direct binding studies using 
*H-labelled cyclic AMP (10° M) show no competition of 
binding with cyclic GMP concentrations varying from 1077 M 
to 10-° M. With regard to nucleotide specificity, it is import- 
ant that the cyclic 'GMP (1077-10° M) effect on protein 
phosphorylation is observed'in reaction mixtures containing 
much higher concentrations of cyclic AMP (10°°M), ATP 
(10-° M) and GTP (10-* M). In certain types of experiments 
it has been observed consistently that prolonged incubation 
of the kinase assay mixture results in a slow cyclic GMP- 
stimulated phosphorylation, suggesting the possible additional 
existence in this system of a specific cyclic GMP-dependent 
kinase which can complicate observations of the specific 
phosphatase effect described here (Table 3). For this reason, 
careful attention to the time course of the assay at a given 
protein concentration is critical for the demonstration of 
the cyclic GMP-enhanced dephosphorylation reaction. 

These studies suggest the existence of a highly specific, 
cyclic GMpP-sensitive phosphoprotein phosphatase which 
acts on specific sites of natural substrates which are them- 
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Structural properties of rat 
serum proteins which correlate 
with their degradative rates in vivo 


SeruM proteins’ like intracellular proteins*’, are 
continually being degraded and replaced at characteristic 
rates. Although there is appreciable evidence that structural 
alterations can influence the half lives of serum proteins*”’, 
the features of serum proteins which normally influence 
their degradative rates are unknown. The present experi- 
ments were undertaken to learn more about the factors 
influencing the degradation of serum proteins and to explore 
any possible relationship of this process to the catabolism 
of intracellular proteins. 

There is now strong evidence that the degradative rates 
of intracellular proteins are determined to a large extent 
by their conformations®*®. For example, in both animal 
and bacterial cells, the catabolic rates of different proteins 
correlate with their relative sensitivities in vitro to purified 
endoproteases*” and to lysosomal extracts’. In addition 
two structural features of normal proteins have been shown 
to correlate with their half ‘lives in a wide variety of 
organisms and tissues: (1) proteins with large subunits tend 
to be degraded more rapidly on the average than those with 
small subunits™™", and (2) proteins with acidic isoelectric 
points tend to be degraded more rapidly than proteins with 
neutral or basic isoelectric points’®. 

Analogous studies of the possible relationship between 
the degradative rates of serum proteins and these structural 
properties have not been reported. We now present evi- 
dence that the catabolism of serum protein shows two of 
the characteristics previously reported for degradation of 
intracellular proteins: (1) the rates of catabolism of rat 
serum proteins in vivo correlate with their relative sensi- 
tivity in vitro to a wide variety of endoproteases, and (2) 
the more acidic serum proteins turn over in vivo more 
rapidly than neutral or basic ones. In contrast to findings 
with intracellular proteins, no relationship was found be- 
tween the molecular weights of serum proteins and their 
half lives in vivo 

To test whether half lives of serum proteins are related 
to their sensitivity to proteolytic attack, we used the double- 
isotope approach of Arias er al.” to differentiate serum 


proteins which turn over rapidly from those which turn ` 


over slowly in vivo. This same technique was used previously 
to establish a correlation between degradative rates and 
protease sensitivity for intracellular proteins’. “C-leucine 
was administered to a rat 4d before an injection of *H- 
leucine, and the animal was killed 4-12h after the second 
injection. The “C remaining in protein after 4d is primarily 
contained in the more stable proteins, while the °H is found 
preferentially in proteins that turn over rapidly**"""*, 

We then compared the susceptibility to various proteases 
of proteins having shorter in vivo half lives (enriched for 
°H) and those that are more stable (enriched for “C). As 
shown in Fig. 1, serum proteins rapidly degraded in vivo 
were more susceptible to digestion at pH 7.2 by Pronase 
(a,f), trypsin (b) and chymotrypsin (c) and at pH 4.0 by 
the acidic proteases, pepsin (d) and lysosomal cathepsins 
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Fig. 1 Comparison of the susceptibility of stable and rapidly 
turning-over serum proteins to proteolytic enzymes To label 
these fractions preferentially, 100 Ci of 4C-leucine was adminis- 
tered intraperitoneally to a male rat (125 g) Four days later, the 
same animal was injected with 500 pCi of #H-leucine and killed 
4 or 12 h thereafter. Consequently, the 1C is found primarily in 
proteins with relatively long half lives (O) while °H-proteins (@) 
are enriched for more labile polypeptides. To prepare the serum, 
the rats were anaesthetised with ether, blood (about 5 ml) was 
collected from the aorta into a heparinised tube, and cells were 
separated by centrifugation at 100g for 10 min. The clear super- 
natant containing the serum proteins was dialysed against 
phosphate-buffered saline (pH 7.2, ref. 7) (for experiments a-c 
and f) or 100 mM citrate buffer (pH 4.0) (for experiments d and e) 
to remove free amino acids. The procedure for incubation with 
proteases, and the sources for all materials have been reported 
previously’. Each incubation mixture contained approximately 
5 mg of serum protein with a specific activity of about 
70,000 d.p.m. °H and 5,000 d.p.m. 4#C per mg. Enzymes were 
added at the following concentrations’ a, Pronase, 100 pg ml~?; 
b, trypsin, 100 pg ml~}; c, chymotrypsin, 1 mg ml7; d, pepsin, 
50 ug ml-*; e, crude lysosomal fraction (prepared as described 
mn (31) ), 10 mg mi~; f, Pronase, 50 pg ml. Conformations of 
serum proteins were disrupted in (f) by addition of 1% SDS 
and 50 mM dithiothreitol (final concentration) and boiling for 
5 min. (Pronase is at least partially active in SDS.) Protein 
hydrolysis is expressed as radioactivity (d.p.m.) initially in 
protein that is converted to a trichloroacetic-acid soluble form. 


from rat liver (e). Similar results were obtained with three 
separate preparations of double-labelled proteins from rat 
serum. These findings are analogous to those obtained 
earlier with intracellular proteins™™™ "7", although the serum 
proteins on the average appeared much less susceptible to 
trypsin and chymotrypsin than were liver proteins (J.F.D. 
and A.L.G., unpublished). 

These results indicated that the rates of catabolism of 
serum proteins are related to their inherent susceptibility to 
proteolytic attack, which is presumably a function of the 
proteins’ native conformations. In fact, the susceptibility of 
both rapidly and slowly turning-over proteins to digestion 
by Pronase increased markedly when the native conforma- 
tions of the proteins were destroyed by boiling in sodium 
dodecyl sulphate (SDS). Following such treatment, the 
correlation between degradative rates in vivo and suscepti- 
bility to Pronase was abolished (Fig. 1f). 
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Fig. 2 Comparison of degradative rates of rat serum proteins 
with different isoelectric points. Double-labelled serum proteins 
were prepared as described in Fig. 1 and separated by isoelectric 
focusing as reported previously?®. A high *H/*4C ratio indicates 
more rapid turnover of the fraction”. Radioactivity in each 
‘ fraction was determined as described previously. Ratios are 
not plotted for fractions containing less than 200 d.p.m. for each 
isotope. The variation in *H/C ratios inherent in these experi- 
mental protocols has been reported previously!*, Fractions from 
isoelectric focusing contained between 0 and 10,000 d.p.m. of 
°H and 0 and 500 d.p.m. of “C. The correlation between *H/¥*C 
and pH is highly significant (r = —0.957, P<0.01). pH, @@@; 
SH/MC, o— o. 


We used the same labelling procedures to compare the 
degradative rates in vivo of serum components differing in 
their isoelectric points. For any protein, the amount of 
isotope remaining after 4d (‘C) relative to the amount of 
isotope initially incorporated (*H) reflects its rate of de- 
gradation. Thus, proteins that are synthesised and’ de- 
graded rapidly will have high’*H/“C ratios, as has been 
discussed critically elsewhere®”'""*. The double-labelled 
serum proteins were then separated according to their iso- 
electric points by isoelectric focusing’. 

The more acidic proteins consistently had higher °H/“C 
ratios (r=0.957, P<0.01). Thus on the average they are 
degraded more rapidly than the less acidic ones. Qualita- 
tively similar results were obtained with three separate 
preparations of double-labelled proteins from rats and 
with two preparations from mice. Thus, a similar correla- 
tion between degradative rates and isoelectric points holds 
for serum proteins (Fig. 2) as for intracellular proteins, 
even though serum was found to contain much fewer basic 
proteins than most mammalian tissues (J. F. D. and A.L.G., 
unpublished observations). 

Many earlier studies have demonstrated a correlation 
between degradative rates of intracellular proteins and their 
subunit molecular weight as determined by SDS-acrylamide 
gel electrophoresis™™", But when double-labelled serum 
proteins were separated by SDS gel electrophoresis, no 
relationship was found between subunit molecular weight 
and degradative rates (Fig. 3). These findings differ from 
those obtained with all mammalian tissues tested. These 
negative results are complicated by the fact that most 
serum proteins are glycoproteins which ‘have been shown 
to migrate more slowly than expected in SDS gels primarily 
‘because of a decrease in detergent binding’”*. Since glyco- 
proteins should behave less anomalously during Sephadex gel 
filtration in the absence of SDS, we have also fractionated 
serum proteins according to their multimeric size by 
Sephadex chromatography. Fór intracellular proteins 
multimer molecular weights also correlate with half lives", 

e 


515 


since larger multimers tend to be composed of larger sub- 
units. On gel filtration of the serum proteins, however, no 
relationship was found between molecular weight and de- 
gradative rate (Fig. 4). 

Thus degradative rates of ‘serum proteins, unlike those 
of intracellular proteins, do not correlate with their mole- 
cular weights (Fig. 3 and 4). Larger intracellular poly- 
peptides have been shown in general to be more sensitive 
to proteases in vitro, than smaller ones, and this relationship 
has been suggested to be the basis for the observed cor- 
relation between molecular weight and in vivo degradative 
rates’. It is possible that large and small serum components 
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Fig. 3 Relative degradative rates of rat serum polypeptides of 
different molecular weights. Double-labelled serum proteins 
were prepared as described in Fig. 1 and separated by 
SDS-acrylamide gel electrophoresis. A high °H/4C ratio 
indicates more rapid turnover of the fraction. The electro- 
phoresis was performed in large diameter gels, which were 
sliced and counted as described earlier’. Electrophoretic fractions 
contained between 0 and 14,000d.p.m. 3H and 0 and 1,200d.p m. 
“C. Ratios are not plotted for fractions containing less than 
100 d.p.m. of each isotope. The variation in H/C ratios 
inherent in these methods has been reported previously’. 


do not differ in susceptibility to proteases. On the other 
hand, physiological processes are known that can cause the 
selective loss of small ‘polypeptides from serum and may 
therefore obscure any general relationship that may exist 
between protein size and degradative rates. For instance, 
smaller proteins are lost especially rapidly from the circula- 
tion due to ultrafiltration in the renal glomeruli as well as 
in other capillary beds”. In addition, specific degradative 
mechanisms appear responsible for the rapid catabolism 
of small peptide hormones’. Thus the reasons and signifi- 
cance of this lack of a size correlation for serum proteins 
are unclear. 

A variety of studies have indicated that the pathway of 
catabolism of serum proteins involves pinocytosis and sub- 
sequent appearance of the proteins in lysosomes*’®. Pino- 
cytosis has been generally assumed to be the rate-limiting 
step in the degradation of serum proteins. This conclusion 
is based primarily on studies of the fate of injected 
enzymes?” or specific labelled serum proteins”, The 
present findings on the turnover of native serum proteins 
in normal conditions suggest alternative possibilities. Since 
the degradative rates of serum proteins in vivo correlate 
with their relative susceptibility to a variety of proteases 
(Fig. 1), the rate-limiting step in the catabolism of most 
serum proteins may be an initial proteolytic cleavage within 
the circulation followed by pinocytosis of the partially de- 
graded protein. A rate-limiting proteolytic cleavage also 
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Fig. 4 Comparison of the degradative rates of serum proteins of 
different multimer size in the absence of SDS. Double-labelled 
serum proteins were prepared as in Fig. 1 and separated by 
Sephadex G-150. The protein fractionation and counting of 
radioactivity was carried out as reported earlier: 1°. Chromato- 
graphic fractions contained between 0 and 50,000 d.p.m. °H and 
0 and 2,000 d.p.m. 1C. Ratios are not plotted for fractions 
containing less than 100 d.p.m. of each isotope. 


might possibly occur within the secondary lysosome. Ac- 
cording to this hypothesis, proteins that are relatively re- 
sistant to lysosomal proteases, might then be released and 
re-enter the circulation’”””. 

Alternatively, if pinocytosis of serum proteins is actually 
the rate-limiting step in their degradation, the structural 
features of the serum proteins which determine their rates 
of pinocytosis must correlate with their protease sensitivity 
(Fig. 1) and their isoelectric points (Fig. 2). For example, 
proteins that are more sensitive to proteases or more 
acidic may tend to denature more easily’®, and denatura- 
tion can promote pinocytosis™*™. Whatever the mechanism 
underlying the correlations with charge and proteolytic 
susceptibility, the fact that they apply to ‘both intracellular 
and extracellular proteins suggests that degradation of these 
two types of proteins involves similar principles and may 
even share common mechanisms. 

This work was supported by grants from the NINDS and 
the Muscular Dystrophy Associations of America. J.F.D. 
was a postdoctoral fellow of the MDA and A.L.G. holds a 
Research Career Development Award from the NINDS. 

J. FRED Dice* 
ALFRED L. GOLDBERG 
Department of Physiology, 
Harvard Medical School, 
Boston, Massachusetts 02115 


Received March 19; accepted June 8, 1976 


* Present address Thimann Laboratories, Diviston of Natural Sciences, University 
of Cahforma, Santa Cruz, California 95064 


1 Schreier, K , and Porath, U, in Physiology and Pathophysiology of Plasma 
Protein Metabolism (edit by Koblet, H , ef al), 122-134 (Grune and Stratton, 
New York, 1966). 

McFarland, A S (ed), Protem Turnover Ciba Foundation Sympostum 9 (North 
Holland, Amsterdam, 1973 ‘ 

Schimke, R T, Mammahan Protein Metabolism, 4 (edit by Munro, H N), 
178-228 (1970) : 

4 Recheigl, M , in Enzyme Synthests and Degradation m Mammalian Systems 
(edit. by Rechcig], M ), 237-311 (University Park Press, Baltimore, 1971) 

5 Goldberg, A L , and Dice, J F, A Rev Biochem , 43, 835-869 (1974) 

6 Goldberg, A L,and St John, A, A Rev Biochem . 45 (in the press) 

7 Oi) , Dehlinger, P J , and Schimke, R TJ biol Chem, 248, 4220-4228 

8 Mego, J L, and McQueen, J D , Brochun btophvs. Acta, 100, 136-143 (1965). 

9 aie E,Frith,L O and Saunders, S J , Rrochun biophys Acta, 279, 87-91 

10 Morell, A G, Gregoriadis, G, and Scheinberg. | H, / bio? Chem, 246, 
1461-1467 (1971) 

11 Ashwell, G , and Morell, A G , Ady Enzymol , 41, 99-128 (1974) 

12 sees L, Winkler, J R,and Miyagi, M PJ biol Chem , 249, 6364-6365 

13 Dean, R T, Eur J Biochem , 58, 9-14 (1975). 

14 Bohley, P , Langner, J, Ansorge, S, Miehe, M Miehe, C , and Hanson, H , 

Acta biol med Ger , 28, 321-328 (1972) 
15 Dice, J F , and Goldberg, A L, Aichs biochem Brophyy., 170, 213-219 (1975). 
16 mercer , and Goldberg. A L. Proc natn Acad Ser U SA, 72, 3893-3897 


n 


w 


Nature Vol. 262 August 5 1976 


17 ATAS) M , Doyle, D , and Schimke, R T, J bol Chem , 244, 3303-3315 

18 Poole, B,J biol. Chem , 246, 6587-6591 (1971) 

19 Bretscher, M S , Nature new Biol , 231, 229-232 (1971) 

20 Segrest, J. P , Jackson, R L., Andrews, E P., and Marchesi, V T , Biochem 
biophys Res. Commun , 44, 390-395 (1971) 

21 Dehlinger, P J., and Schimke, R T, Biochem biophys Res Commun , 40, 
1473-1480 (1970) 

22 Pappenhemmer, J F , Phys. Rev., 33, 387-423 (1953) 

23 Davidson, S. J , J Cell Biol , 59, 213-222 (1973) 

24 Creemers, J , and Jacques, P. J , Expl Cell Res , 67, 188-20? (1971). 

25 Walami K. E , Lloyd, J B., Davies, M , and Bech, F , Biochem J , 125, 303-308 

71 
26 Wiliams, K E., Kidston, E M , Beck, F., and Lloyd, J B,J Cell Bl, 64, 


123-134 (1975) 

27 Gordon, A H., and Jacques, P J, ın Labelled Proteins in Tracer Studies (edit by 
Donato, l- , Milhaud, G , and Sirchis, J ), 127-133 (Euratom, 1966). 

28 Jacques, P J, in Pathologic Aspects of Cellular Membranes (edit by Trump, B. J , 
and Arstila, A ) (Academic, New York, 1974) 

29 Wild, A F , in Biology and Pathology, 3 (edit by Dingle, J T), 169-215 (North 
Holland, Amsterdam, 1973 

30 Buys, C. H C. M., Elferink, M. G L., Bouma, J M. W., Guber, M , and 
Nieuwenhuts, P., J. Reticuloendothel Soc , 14, 209-223 (1973) 

31 Penn, N W , Biochim biophys Acta, 37, 55-61 (1960) 


po 


Accessibility of DNA in condensed 


chromatin to nuclease digestion 


Recen1 evidence indicates that a large portion of the DNA 
of higher organisms ıs organised ın compact nucleoprotein 
structures. Initial studies on nuclease digestion of chroma- 
tin showed that about half the nuclear DNA is present in 
the form of small resistant chromatin fragments’ *. Subse- 
quent studies have shown that the sites of nuclease 
digestion are regularly spaced, and that, at the limit of 
digestion, the majority of the DNA that remains is ın the 
form of relatively homogeneous small fragments, which 
vary from about 120 to 200 nucleotide pairs in length*~’. 
This concept of small repeating resistant structures in 
chromatin is further supported by electron microscope 
studies on chromatin fibres spread from hypotonically 
treated nuclei* and from isolated chromatin’ 

Here we examine whether two types of ‘condensed’ 
chromatin--mitotic chromosomes and the fraction of 
interphase chromatin that contains satellite DNA—have 
the same subunit structure as ‘non-condensed’ chromatin. 
The experiments were performed on cells of Dipodomys 
ordii (kangaroo rat) because (1) mitotic cells can be 
shaken off monolayer cultures selectively to yield pure 
mitotic cell preparations and (2) this specis contains 52% 
of its DNA in the form of satellite components” which are 
associated with a dense interphase chromatin fraction’. 

The kinetics of staphylococcal nuclease digestion of DNA 
in interphase nuclei or mitotic chromosomes to acid- 
soluble material are essentially identical At an enzyme 
concentration of 30 unitsml~* there is a rapid phase of 
digestion such that 65% of the DNA remains acid insoluble 
after 15 min, followed by a slower linear digestion until 
50% remains acid insoluble after 1h. Accessibility of 
DNA to the enzyme is similar in both chromatin states. 
_ Another test for similarity in the sub-structure of inter- 
phase nuclei and mitotic chromosomes is to observe the 
size distribution of DNA fragments generated at various 
times during nuclease digestion of the chromatin Cells 
were uniformly labelled with °*H-thymidine for two cell 
generations. *H-labelled chromosomes and *H-labelled inter- 
phase nuclei were prepared from these cultures and 
separately mixed with unlabelled interphase nuclei in the 
ratio of 1:10 in DNA amount. DNA extracted from partial 
nuclease digests was analysed on 1.5% Agarose gels which 
were photographed after staining with ethidium bromide 
The gels were subsequently processed for fluorography, and 
the sizes of unlabelled DNA fragments detected by ethidium 
bromide staining were compared with the sizes of `H- 
labelled DNA fragments detected by fluorography (Fig 1). 

At all stages of nuclease digestion of the chromatin mix- 
tures we could detect no differences in the size of the 
DNA fragments from single or multiple subunits derived 
from unlabelled interphase chromatin (Fig. 1a and c), `H- 


labelled interphase chromatin (Fig 1b), or mitotic 
e 
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Fig. 1 Agarose gel and fluorogram analysis of DNA from inter- 
phase and mitotic chromatin digested with staphylococcal nu- 
clease. Mitotic and interphase cells of D. ordu, labelled for 
60h with 0.2 pCi *H-thymidine (54 Ci mM~, Amersham) 
in F-12 medium lacking unlabelled thymidine, were collected 
separately as described elsewhere!*, Equal quantities of each 
3H-labelled sample were mixed with 10 times the number of 
unlabelled cells. The nuclei and chromosomes were prepared 
by one of a number!of methods*45, and resuspended in 
20 mM Tris, | mM CaCl,, | mM MgCl,, pH 7.5 at a concentration 
equivalent to 200 yg total DNA mI—. Staphylococcal nuclease 
was added at 30 units mi~. At various intervals after the start 
of digestion, samples were removed and digestion stopped by 
addition of 2 ml 50 mM sodium phosphate buffer, pH 6.8, con- 
taining 5 mM EDTA. Sodium dodecylsarcosinate and NaCl 
were added to final concentrations of 0.5% and 1 M respectively, 
and the lysate was extracted twice with water-saturated phenol. 
DNA was precipitated by the addition of two volumes of absolute 
ethanol followed by storage overnight at —20 °C. DNA pre- 
cipitates were collected by centrifugation, redissolved in 10 mM 
Tris, 10 mM EDTA, pH 8.0, and electrophoresed in 1.5% 
Agarose slab gels (18 cm x 18cm x5 mm) for 16h at 10 mA at 
room temperature The electrophoresis buffer was 40 mM Tris, 
20 mM sodium acetate, | mM EDTA, pH 8 2. Gels were statned 
with 0.5 pg ml— ethidium bromide dissolved in electrophoresis 
buffer, and the fluorescence photographed under light at 254 nm. 
Photographed gels were processed for fluorogiaphy essentially 
as described by Bonner and Laskey" except that ethoxyethanol 
was used as the solvent in place of dimethyl sulphoxide. Fluoro- 
grams were exposed on presensitised Kodak RP-Royal Xomat 
film at —75 °C and developed in Kodak D-19 developer. Photo- 
graphic negatives of the stained gels and the fluorograms were 
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Fig. 2 Caesrum chloride neutral density gradient analysis of 
DNA of different fragment sizes following partial digestion of 
nuclei by nuclease. Nuclei were isolated and digested with 
staphylococcal nuclease and then several slab gels were run 
as described ın Fig. 1. The individual DNA bands were cut out, 
and the DNA was recovered by crushing the gel through a 
24-gauge hypodermic needle and centrifuging the crushed gel at 
200,000¢ for 30 min. The supernatant was removed, solid 
caesium chloride added to a density of 1.70 g cm~3 and ethidium 
bromide extracted with n-propanol. After removal of ethidium 
bromide, the density was adjusted to 1.710 g cm~? and Micro- 
coccus lysodeikticus DNA was added as a density marker. 
Centrifugation was at 44,700 r.p.m. at 25 °C for 24 — 48 h in the 
6-place analytical rotor in an MSE Centriscan. Left, Densitometer 
tracing of a photographic negative of DNA from a partial digest 
separated on 1.5% Agarose gel as described ın Fig. 1. Right, 
Neutral caesium chloride banding profiles of DNA isolated from 
the various regions of the gel as indicated. The buoyant density 
profiles of a, total DNA after partial digestion and 6, total un- 
digested DNA, are shown at the bottom The size of the DNA 
fragments (in base pairs, see Fig. |) ıs indicated on the left. 


chromatin (Fig. 1d). The distribution of the majority of 
nuclease-sensitive sites is thus the same in both mitotic and 
interphase chromatin. 

We have measured the relative rates of digestion of the 
fractions containing satellite and non-satellite DNA in 
interphase chromatin. The satellite DNA component is 
less rapidly digested by nuclease than chromatin containing 
non-satellite DNA. We have shown this by measuring the 
amounts of satellite DNAs present in DNA fragments of 
different size at various stages of digestion of interphase 
chromatin. The DNA fragments were recovered from 
Agarose gels and analysed by analytical caesium chloride 
density centrifugation or thermal denaturation in 0.1 x SSC. 
The three satellite DNAs of D. ordii band on the heavy 
side of the main band DNA. HS-a and HS-8 satellite DNAs 





scanned in a Joyce Loebl densitometer. The tracings shown 
are both of chromatin digested for 15 min (20% of the DNA 
rendered acid soluble). a, Ethidium bromide fluoroscence distri- 
bution; unlabelled plus *H-labelled interphase chromatin; b, 
distribution of *H-labelled DNA fragments from interphase 
chromatin; ¢, ethidium bromide fluorescence distribution: un- 
labelled interphase chromatin plus ?H-labelled mitotic chromatin; 
d, distribution of *H-labelled DNA fragments from mitotic 
chromatin The size of the DNA fragments (in base pairs) is 
indicated at the bottcm of the figure. These values were obtained 
by comparison with DNA fragments produced by EcoRII 
restriction enzyme digestion of mouse satellite DNA and 
HAindil restiiction enzyme digestion of SV40 DNA?8. 
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have a density of 1.713 gcm™ and MS satellite DNA has a 
density of 1.707 gcm™ (ref, 12). The HS-8 satellite has a 
G+C content of 66%, and can be distinguished clearly as 
a separate component in a thermal melting profile. Buoyant 
density analysis has the advantage that it can identify all 
three major satellite components, but the disadvantage of 
giving poor resolution at the molecular sizes of the smaller 
DNA fragments. Thermal denaturation, on the other hand, 
can reliably distinguish HS-f satellite DNA component in 
large and small DNA fragments, but can only detect about 
20% of the total satellite DNA. 

Buoyant density analysis of DNA of different fragment 
sizes from partially digested chromatin (Fig. 2) shows that 
the DNA remaining as high molecular weight structures— 
larger than six times the single subunit size—is almost 
entirely satellite DNA. DNA fragments of single subunit 
size, or low multiples thereof, have broad banding profiles, 
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Fig. 3 Thermal denaturation profiles of a, total undigested DNA 
(— — —) and single subunit sized DNA after complete nuclease ` 
digestion ( ). b, Single subunit sized DNA (¢ ) from 
partially digested (20% acid soluble) chromatin and high mole- 
cular weight DNA (—— —) fragments of partially digested 
(20% acid soluble) chromatin. Total undigested DNA was 
isolated from nuclei by the method of Marmur’® with slight 
modifications. DNA fragments from digested chromatin were 
recovered from the supernatants of crushed gels (see Fig. 1) by 
adding NaCl to a final concentration of 1 M, extracting twice 
with 2 volumes of water-saturated phenol, and precipitating 
the DNA by addition of 2 volumes of ethanol followed by storage 
overnight at —20 °C. The precipitates were collected by centri- 
fugation, dissolved in 1/100 x SSC and dialysed exhaustively 
against 1/10 SSC. All samples were thermally denatured in 1/10 
SSC in a Unicam SP800 spectrophotometer. (SSC is 0.15 M 
sodium chloride, 0.015 M sodium citrate.) 
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Fig. 4 Whole DNA from cells of D.ordii was isolated by the meth- 
od of Marmur” with slight modification, and digested with 
staphylococcal nuclease to an extent comparable with the partial 
chromatin digestions of Figs 1 and 2. The DNA was re-extracted 
and electrophoresed in a 1.5% Agarose slab gel as in Fig. 1. a, 
The fluorescence pattern of ethidium bromide was photographed 
and scanned. Migration was from right to left. Zone 4 DNA 
migrated a distance approximately equal to the 180-base pair 
subunit of chromatin and zone B DNA was of high molecular 
weight near the exclusion limit of the gel. These zones were 
pooled from several gels and the DNA fractions were recovered 
as described in Figs 2 and 3. b, Aliquots of DNA from zones A 
and B were dialysed against 1/10 SSC and denatured thermally. 
c, DNA of high molecular weight from zone B was centrifuged 
to equilibrium in neutral CsCl as described in Fig. 2. 


but with a peak density characteristic of main band DNA. 
The enrichment of satellite DNA in high molecular weight 
DNA fragments is unambiguous, but the depletion of 
satellite DNA in low molecular weight pieces is less con- 
vincing, owing to the diffuse banding profiles. 

This ambiguity is overcome by thermal denaturation. 
When chromatin was digested for 1h (as in Fig. 1) the 
50% of DNA that remained acid insoluble was entirely 
at the size of single subunits. The melting profile of this 
DNA was similar to that of total undigested DNA (Fig. 3a). 
Although the Tm of the single subunit-sized DNA is lower 
because of its decreased molecular weight”, the second 
transition (HS-B satellite DNA) is about 15% of the total 
hyperchromicity in both samples. Thus, at this stage of 
digestion to single subunit size, the distribution of satellite 
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l 
and non-satellite DNAs is the same as in undigested 
chromatin. In a partial digest of chromatin, however, 
(Fig. 3b) DNA of single subunit size is considerably depleted 
HS-8 DNA, whereas DNA remaining at high molecular 
weight is enriched in HS-8 to a degree consistent with the 
sample containing only the total satellite mixture 

We are grateful to a reviewer for the suggestion that the 
apparent resistance of satellite DNA-containing chromatin 
during brief digestion could be due to the known preference 
of the nuclease for AT-rich DNA”. As a result, free DNA 
isolated from cells of D. ordii was digested to various 
extents in the same conditions as for chromatin digestion. 
Similar to the partial chromatin digestion (Fig. 3), most of 
the DNA fragments formed a broad band in 15% Agarose 
gel, the size of the single subunit of chromatin and smaller, 
whereas a small amount of DNA was almost excluded from 
the gel (Fig. 4a). Zones at approximately 180-base pair 
size and of high molecular weight were extracted and the 
recovered DNA fractions were centrifuged in a CsCl 
gradient and melted. The density gradient pattern of the 
high molecular weight DNA (Fig. 4c) corresponded with the 
1,070-base pair, pattern of Fig. 2, thus showing enrichment 
in- satellites and depletion of main band DNA. Thermal 
denaturation (Fig 45) revealed that the second transition 
(representing HS-f satellite) was smaller than that of whole 
DNA for the low molecular weight fraction and very much 
larger for the high molecular weight fraction. 

The results with partial digestion of free DNA are very 
similar to those of chromatin. The apparent resistance of 
chromatin containing satellite DNA to nuclease digestion 
may be due to the base preference of the enzyme rather 
than to a difference between extended and condensed 
chromatin in accessibility of DNA to the enzyme Other 
factors may, however, be involved since only HS- satellite 
is substantially richer in GC content than main band 
DNA, yet all three satellites seem to behave similarly 
towards nuclease digestion. This question is receiving fur- 
ther study. 

From our results it can be concluded that, firstly, the 
structures of extended and condensed chromatin in the 


forms of mitotic chromosomes or satellite DNA-containing. 


interphase chromatin do not differ significantly in respect 
to accessibility to digestion by staphylococcal nuclease and 
secondly, the size and distribution of nuclease-resistant 
chromatin subunits are similar in extended and condensed 
chromatin. These findings support models of chromatin 
structure which, place the DNA moiety in an exposed 
position outside the subunits”?-™. A condensed state of 
chromatin does not arise therefore from greater coverage 
by proteins in a manner that obstructs the access of 
nuclease to the DNA. 
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Amphipathic enzyme—polymer conjugates 


IMMOBILISATION of enzymes on solid supports to give re- 
usable and stabilised catalysts has been studied extensively* 
but the concept of chemically modifying a water-soluble 
enzyme to enable its activity to be utilised in the form of a 
water-immiscible liquid phase has received little attention. 
Potential advantages of liquid-phase immobilisation include 
ease of continuous operation, freedom from the effects of 
solid particle breakdown and the possibility of enhanced 
activity against water-insoluble liquid substrates. Although 
the effects of detergent—protein association on protein ex- 
tractability into iso-octane have been studied’ and consider- 
able effort has been expended on the liquid membrane 
entrapment concept*’, another possible type of liquid-phase 
immobilised enzyme system seems to have been neglected. 
The latter comprises droplets of a water-immiscible liquid 
bearing a surface layer of modified enzyme. We have found 
that some enzymes may be converted into surface-active 
amphipathic conjugates by covalent coupling to certain types 
of polymeric detergents (polysoaps) and that the resulting 
conjugates may bind sufficiently strongly to dispersed water- 
immiscible liquids to give an enzymatically active emulsion 
that can be handled as a quasi-liquid phase. The amphipathic 
enzyme conjugates are analogous to certain membrane- 
bound proteins such as cytochrome b;, which have been 
shown to comprise a hydrophilic protein core anchored to 
a lipid bilayer by a hydrophobic polypeptide tail’’®. 

A particularly simple and convenient route to conjugates 
of proteins with random copolymer amphipaths is shown in 
Fig. 1. 

A linear hydrophilic polymer such as the non-cross-linked 
types of ethylene-maleic anhydride copolymers previously 
used for enzyme immobilisation’* or the maleic anhydride- 
vinyl methyl ether copolymer Gantrez AN?’ can be modified 
with hydrophobic nucleophiles (for example, RNH2) by 
partial substitution of the anhydride functions. The remain- 
ing anhydride units may then be used to couple: the polymer 
to a protein. 

The modification reaction is conveniently carried out in 
NN-dimethylformamide in the presence of an organic base 
and the reaction mixture can be added directly to a solution 
of the enzyme with homogenisation. Alternatively, the 
modified polymer can be hydrolysed and the protein coupled 
to it using established carboxyl group activation techniques 
such as conversion to the acid azide} and the use of water- 
soluble carbodiimides" or Woodward’s reagent K (ref. 12). 
These general methods enable control of net hydrophobicity, 
degree of enzyme substitution and, since cross linking by 
the protein can be minimal, of conjugate molecular weight. 
There is scope for introduction of spacer groups, different 
enzymes on the’same polymer and other refinements. 
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Fig. 1 Route to conjugates of proteins with a random copolymer 
amphipath. 


Using the technique described, penicillin acylase and other 
enzymes have been conjugated with good recovery of 
enzyme activity. For example: a polymer solution prepared 
from Gantrez AN119 (0.5 g) and n-octadecylamine (0.28 g) 
in NN-dimethylformamide (25 ml) and pyridine (0.1 ml) 
was homogenised with Escherichia coli penicillin acylase 
(175 mg partially purified enzyme) in water (30 ml). After 
reaction at 4°C overnight, sodium chloride (5.8 g) was 
added to precipitate the amphipathic solute, and the poly- 
mer conjugate isolated by centrifugation at 25,000g at 0 °C 
for 1h A gel (40g wet weight) of high specific activity 
resulted, and recovery of enzyme activity was 70%. Table 1 
lists further conjugates of the same type. The physical form 
of these preparations varies from highly aggregated solids 
that sediment rapidly to materials that are soluble in low 
ionic strength aqueous media according to the extent of 
substitution by hydrophobic groups in the polymer or protein 
in the final conjugate. Some conjugate preparations may be 
fractionated by salt precipitation into materials of varying 
net hydrophobicity. Enzyme lability does not usually increase 
on conjugation, indicating that linkage to a polymeric 
detergent does not necessarily destabilise the catalytically 
active conformation of a protein. à 

Homogenisation of such conjugates with buffer and 
liquids such as n-decane, n-decanol and glycerol trioleate 
results in emulsions which can readily be separated by 
flotation or gentle centrifugation into an aqueous phase and 
a droplet phase with which the enzyme activity is associated. 
For example. homogenisation of the penicillin acylase con- 
jugate described in the text above, with n-decanol in a wet 
gel-solvent weight ratio of 1:5 resulted in 90% of the 
enzyme activity being associated with the droplet phase on 
separation. The unconjugated enzyme does not bind signifi- 
cantly to solvent droplets formed using the Gantrez-based 
polysoaps. Some of the enzymatically active emulsions are 
quite stable: the droplet phase described above retained 
more than 40% of the initial enzyme activity after ten 
flotation-reuse cycles (batch cleavage of 5% w/v benzyl- 
penicillin) Binding of the conjugates to dispersed 
phospholipid-cholesterol mixtures and whole cells has been 
observed. Photomicrography of solvent dispersions produced 
with penicillin acylase and other conjugates shows that solid 
gel particles are not visible at the droplet surfaces; and it is 
likely that the conjugate is distributed largely as a mono- 
layer If bifunctional spacer groups or enzyme coupling 
agents such as glutaraldehyde are used in the preparation 
of conjugates, the resulting cross-linked gels form visible 
aggregates which, when dispersed with a solvent, adhere to 
the surface of the droplets Such a three-phase sludge can, 
nevertheless, be handled as a discrete enzymatically active 
layer. 
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Table 1 Amphipathic enzyme conjugates* 
Hydrophobic % 


, group Method of Recovered 
CH, coupling polymer enzyme 
Enzyme (CH,),NH- mjn? to protein activity 
E. coli y= 0.33 Direct reaction with 80 
penicillin anhydride polymer 
acylase 
E. coli 17 0.33 Conversion to half 32 
penicillin hydrazide polymer and 
acylase activation to polymer 
azide|| 
Bovine 9 0.30 Direct reaction with 24 
trypsin anhydride polymer** 
Bovine 17 0.33§ Carbodiimide activation ~5 
trypsin of hydrolysed polymer 


carboxyl groupstt 





*Based on Gantrez AN119-substituted polymers. m and n refer 
to Fig. 1. 

+Stoichiometry in polymer modification reaction, n ~ 1,500. 

tBased on activity in original coupling mixture. 

§n ~ 5,000. 

YEther-precipitated polymer (0.25 g) dissolved in NN-dimethyl- 
formamide (1 ml), homogenised with acylase (100 mg) in 0.1 M 
sodium phosphate, pH 7.0 (14 ml), reacted for 16h at 4°C, and 
conjugate gel isolated by precipitation with ammonium sulphate 
(70% saturation). 

\|Hydrazide polymer prepared from anhydride polymer (21 pmol) 
and hydrazine hydrate (0.2 mol) in NN-dimethylformamide (50 ml). 
Polymer isolated by precipitation from 1.4M aqueous NaCl 
(500 ml). Wet polymer (5 g) activated with NaNO, (0.5 g) in 2N 
HCI (50 mi) and reacted with acylase (55 mg) in water (100 ml). Gel 
isolated by centrifugation. 

**Polymer reaction mixture from Gantrez ANIL9 (1.0g), 
n-decylamine (0.3 g) in NN-dimethylformamide (6 ml) added to 
trypsin (0.3 g) in 0.1 M sodium phosphate, pH 7.0 (60 ml), Titrated 
with 2N NaOH until base uptake complete and gel isolated by 
successive precipitations with 1M NaCl and 70% saturated 
ammonium sulphate. 

+tHydrolysed polymer gel (15g wet weight) reacted with 
1-cyclohexyl-3-(2-morpholinoethyl)-carbodiimide _metho-p-toluene- 
sulphonate (0.5 g) in 0.1 M sodium phosphate, pH 4.7 (25 ml) for 
5 min at room temperature; then treated with bovine trypsin (75 mg) 
at pH 5.9 and room temperature for 3 h. Conjugate gel isolated by 
centrifugation. 


The amphipathic conjugation technique is.a novel method 
of modifying proteins and has a large number of possible 
applications. In the field of biotechnology it provides a 
means of immobilising enzymes on solvent droplets, or, in 
the case of water-soluble conjugates, effecting the extraction 
of enzyme activity from an aqueous phase. It could also be 
used for locating well-characterised enzymes on natural or 
model biological membranes. Further details of the tech- 
niques, for which patents are pending, will be presented 
elsewhere. 
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Nutrition and the developing brain | 


reviews 


John Dobbing 











Malnutrition and Brain Development. 
By Myron Winick. Pp xv+169, (Ox- 
ford University: Oxford and New York, 
April 1976.) £5. 

Nutrition and the Developing Nervous 
System By Philip R. Dodge, Arthur L. 
Prensky and Ralph D. Feigin. Pp. 
xvi+538. (Mosby: Saint Louis; Kimp- 
ton: London, January 1976.) £27.25. 


THE suspicion is very strong that 
malnutrition during fetal and early 
neonatal life may lead to an irrecover- 
able diminution of intellect: and since 
the majority of the pregnant mothers 
and children in the world are underfed, 
this adds up to an assault on one of 
man’s most distinguishing features by 
environmental circumstances which 
are theoretically within his control. 
The problem is proving it. 

Human achievement is difficult to 
measure in any significant terms. 
Human growth from babyhood to 
adulthood 1s very slow, and nothing 
short of a longitudinal prospective 
study over’ many years is going to be 
satisfactory in’ communities where a 
reliable retrospective history of fetal 
and baby life is always especially diffi- 
cult. Environmental contributions to 
the shaping of personal development 
(which are of course so numerous and 
so powerful compared with any genetic 
contribution) are nevertheless very 
difficult to enumerate and evaluate 
separately, especially as they are inter- 
acting as well'as additive. 

One mechanism amongst many by 
which early malnutrition may reduce 
eventual performance, may be by way 
of permanent alterations to the struc- 
ture and some of the metabolic bio- 
chemistry of the physical brain, and 
we are now beginning to understand a 
great deal about this: Unfortunately 
the less well nourished members of any 
infant community who will probably 
suffer from this physical neuropath- 
ology are usually the most impoverished 
in every other facet of their environ- 
ment, both physical and ‘emotional’: 
and so it is exceedingly difficult to 
know whether the newly discovered 
growth pathology of the brain matters, 
and if so how (relatively) much?’ 

Both these books are predominantly 
about the physical effects of nutrition 
on the developing brain, and as such 
inevitably only consider that one aspect 


of the huge problem in any detail. 
Dodge’s ‘book is a compendious and 
suitably ‘critical account for the serious 
student and is likely to have few com- 
petitors for a good time to come. 

If Winick’s much smaller book had 
been simplified in the sense of being a 
reliable introduction for the less pro- 
fessionally interested it could have been 
very useful for a wider readership. 
Unfortunately it is not. I think Winick 
confuses the main issues of vulnerable 
periods in developing brain and the 
relative importance of fetal and post- 
natal brain growth, to the point of 
being potentially misleading to nutri- 
tionist and politician alike; and in spite 
of its attractive appearance I am wor- 
ried by it. 

Dodge, painstakingly and with abun- 
dant references, reasons his way 
through a morass of much incompletely 
collected and questionably argued lit- 
erature with remarkable astuteness; 
although he and his colleagues have 
occasionally tended to catalogue’ the 
information rather than evaluate it. 

Both books in their way cover the 


elements of normal brain growth; and 
since the brain is an organ of the body 
like any other, both have paid attention 
to the very relevant effects of nutrition 
on somatic growth. 

Dodge, as a clinical paediatric 
neurologist, adds some valuable shorter 
sections on minerals, vitamins and 
diseases of amino acid metabolism with 
implications for the brain. Neither 
book seems to have. heard of our own 
finding that the period of vulnerability 
of the human brain is almost certainly 
predominantly postnatal, an important 
fact for practical social and political 
policy; or perhaps they do not agree 
At all events they might have said so. 
Dodge discusses the rest of our work 
in Manchester very fully and appre- 
ciatively, but I do not think my very 
strong preference for his version over 
Winick’s is entirely due to that. o 


John Dobbing is Professor of Child 
Growth and Development in the De- 
partment of Child Health of the 
University of Manchester, UK. 





Aspects of polymeric carbons 








Polymeric Carbons' Carbon Fibre, 
Glass and Char. By G. M. Jenkins 
and K. Kawamura. Pp. vit+178. 
(Cambridge University: Cambridge 
and London, May 1976.) £8.50. 





Tue decomposition of resins at tem- 
peratures up to 2,500 °C gives rise to 
graphite in the form of small and 
highly distorted crystals. As every 
Materials Scientist knows such dis- 
tortions can confer strength well 
above that of more perfect graphite; 
the resultant materials are very use- 
ful but very difficult to characterise. 
Vitreous carbon is used for crucibles 
and in some biomedical applications 
where high strength, chemical inert- 
ness or high temperature resistance 
are needed; whereas carbon fibres are 
used in a wide range of composites. - 

This book covers the production, 
properties and structure of ` these 
polymeric carbons and puts them in 
the context of other forms of carbon. 
The style is easy to read and the 
treatment is mainly factual, the em- 
phasis being on what happens rather 
than why. The 200 references cover 


the scientific and patent literature up 
to 1973. A lot of attention is given 
to the author’s own work on pyrolysed 
phenolic resins, which lends the book 
coherence. 

As a text it has its limitations; 
there is not enough theoretical ex- 
planation and the treatment of 
chemistry is sloppy. For instance, the 
statement that “Commercial PAN 
is atactic and so contains two-dimen- 
sional order only” is simplistic, con- 
sidering the importance of the re- 
sultant carbon structure on properties. 
It is also regrettable that there is no 
discussion of surface structure and 
properties when these are so impor- 
tant in practice. 

In spite of this, for people in re- 
search or development using poly- 
meric carbons, this monograph will 
be a good introduction and guide to 
the literature. Here, it fills a real lack. 

Paul Calvert 





Paul Calvert is a lecturer in polymer 
science in the School of Molecular 
Sciences at the University of Sussex, 
UK. 
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Beauty of original 
experiments 


Landmark Experiments in Twentieth 
Century Physics. By George L. Trigg. 
Pp. x+303. (Crane Russak: New 
York; Edward Arnold: London, 
February 1976.) £11.50. 


Ir is a sad fact, but unfortunately a 
true one, that most physicists’ know- 
ledge of the fundamental papers of 
their subject can only be described as 
fragmentary, even if one is feeling 
charitable. How many of us have in 
fact read the paper by Michelson and 
Morley, or the verification using a- 
particle scattering of the Rutherford 
nuclear atom by Geiger and Marsden, 
or nearer at hand the papers on the de 
Broglie wavelength of the electron by 
Davisson and Germer or G. P. 
Thomson. 

We all know of the existence of 
these experiments and what they prove 
but our knowledge is second-hand, ac- 
quired from the writings of others. It is 
perhaps not as bad as reading Shake- 
speare through the eyes of another per- 
son, since aesthetic appreciation doesn’t 
enter. If as sometimes happens for a 
colloquium or lecture course however, 
we have to examine a bit of funda- 
mental experimentation in detail it is 
surprising ‘how much rationalisation 
and perhaps even falsification enters 
the conventional picture 

This is not deliberate misrepresenta- 
tion, but it is just that the removal of 
an awkward corner or fact here and 
there facilitates understanding and is 
thus tacitly accepted. For example, one 
often finds the Michelson—Morley ex- 
periment discussed in terms of the time 
of arrival of pulses of light going down 
the separate paths, No doubt if the ex- 
periment were done this way the result 
would still be as given and the con- 
sequences would be identical; but it is 
a pity to depart from complete accu- 
racy. 

The whole situation stems from the 
expansion in physics over the past few 
decades, the need to keep university 
courses to a sensible length, and the 
reluctance of physicists to split their 
subject into more manageable parts. 
Tiresome examiners at the end of the 
three undergraduate years demand that 
we show some powers as practising phy- 
sicists able to marshal our equations 
and solve our problems. They are not 
so concerned as a rule with the way 
the subject has developed to its present 
state. Schrédinger’s equation, or opera- 
tors in quantum mechanics, or matrix 
algebra take precedence over Davisson 
and Germer, and de Broglie. In this of 
course they are right, but something 
important is being lost 


This is true also of books, in which 
as a particular subject matures so the 
formal structure grows and the experi- 
mental details recede. The present 
book, however, is of a different kind 
and attempts to redress the balance. 
The author takes a list of important 
twentieth-century experiments, first 
puts them briefly in their context, and 
then goes on to describe what was 
really done in great detail. To do this 
he uses long sections taken from the 
original papers which he joins and 
makes coherent by a minimum of con- 
necting explanation. He thus maintains 
the authentic flavour of the subject at 
the time of the experiment, and much 
of the work is described in the original 
author’s phraseology. 

The list of experiments discussed 
is reasonably well chosen. It begins 
with the discovery of the wave nature 
of X-rays using diffraction from crys- 
tals, of isotopes, of the concept of 
atomic number and of superconducti- 
vity During this early period of the 
century many other possible subjects 
could of course be chosen but the ones 
used are not at all unreasonable. It 
may be that if the book is successful 
the author might return to this early 
era and write a second volume on some 
of the experiments he has omitted. 

After this early period, and in fact, 
coming within the reviewer’s memory, 
the list becomes more restricted and 
progressively less open to variation. 
From the early 1930s to the present 
day the complete list of topics covers 


Nucleon—nucleon 
forces 


The Nucleon—Nucleon Interaction 
By G. E. Brown and A. D. Jackson. 
Pp. viiit+242. (North-Holland. Am- 
sterdam and Oxford; American 
Elsevier: New York, 1976.) np. 


WHEN students start research on a 
particular topic in theoretical physics 
their first problem is to learn all the 
essentials of previous work in a finite 
time. This nearly impossible task is 
helped by providing them with 
courses of lectures in which early 
developments are outlined and more 
recent work is spelled out in sufficient 
detail for the student to proceed im- 
mediately to the frontiers of the 
subject equipped to make further 
progress. G. E. Brown and A. D. 
Jackson have given such courses in 
Copenhagen which form the basis of 
their book The first four chapters 
give a simple outline of the well- 
established theory of nucleon inter- 
actions at low energies. In chapters 
5 and 6 the reader is introduced to 
techniques in scattering theory, the 
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the fluid properties of liquid helium 
below the A point, the use of molecular 
beams for the determination of mag- 
netic moments, the Lamb-Retherford 
effect, the anomalous g factor for the 
electron, the transistor, the non-con- 
servation of parity for weak inter- 
actions, the Médssbauer effect, the 
experimental verification of the exist- 
ence of the neutrino, the maser and 
laser, tunneling and superconductivity, 
the Q7 meson and the microwave 
demonstration of the 3K intergalactic 
radiation temperature. ` 

In spite of its intrinsic interest the 
book is not easy to read. The subjects 
cover quite a good cross section of 
contemporary physics and the use of 
extracts from the original papers sets 
a level of difficulty which cannot be 
entirely overcome by the explanatory 
connecting parts, This, however, can- 
not be helped. A student of scientific 
history or of scientific logic or of 
experimental technique or anyone just 
interested in how things really hap- 
pened could not do better than begin 
with this book. The reader will get in 
a few hours an insight which has 
obviously taken the author a long time 
and much labour to achieve, and will 
be left with a feeling that at least 
some experiments in physics have a 
beauty which is more akin to art than 
science. R. Latham 





Dr Latham is a reader in the Depart- 
ment of Physics at Imperial College, 
University of London, UK. 


use of relativistic equations and form 
factors; a description ds also included 
of a more specialised technique, the 
eikonalisation of soft vector bosons, 
which is used by the Copenhagen 
group to provide convergence. 

The final four chapters (half the 
book) are devoted to a detailed and 
explicit account of the steps required 
to derive realistic internucleon poten- 
tials and their relativistic corrections 
from one- and two-boson exchanges. 
The intimate interweaving of the 
various pion-nucleon and nucleon- 
nucleon amplitudes is explicitly 
demonstrated and a clear picture 
emerges of the physical principles 
underlying the calculations. This 
book will be essential reading and 
remain a basic reference for all those 
working on nucleon-nucleon forces, 
as well as being an introduction to 
the subject for the uninitiated. 

Leonardo Castillejo 





Leonardo Castillejo is Professor of 
Physics and head of the theoretical 
elementary particle physics group in 


of Physics and 
University College, 


the Department 
Astronomy at 
London, UK 
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Living history 
of science 


Pioneers in Neuroendocrinology. (Per- 
spectives in Neuroendocrine Research, 
Vol. 1.) Edited by Joseph Meites, 
Bernard T. Donovan and Samuel M. 
McCann. Pp. viii+ 327. (Plenum: New 
York and London, 1975.) $27. 


THE majority of the scientists that have 
ever lived are alive at the present time. 
Thus it is possible for followers of the 
ever-growing subject of the History of 
Science to actually discourse with the 
people who made this history: they 
have the opportunity to examine at first 
hand the politics, philosophy, and 
circumstances that resulted in the 
scientific progress that has been made. 

The subject of Neuroendocrinology 
—the study of the effects of the nervous 
system on the release of hormones, as 
well as the study of the effects of 
hormones on the nervous system—is a 
particularly young discipline, having 
only evolved since the period between 
the two world wars. Thus Joe Meites, 
Bernard Donovan and ‘Don’ McCann 
(themselves pioneers in this field) have 
been able to seize successfully the 
opportunity to call on 21 neuro- 
endocrine pioneers “to write a personal, 
and even idiosyncratic, account” of the 
background behind the major contribu- 
tions that each felt he or she had made 
to this subject. The editors have indeed 
extracted idiosyncratic accounts from 
their authors, and each chapter can 
very much be considered to reflect the 
character of the respective contributor. 
Whereas some authors, therefore, have 
used their publications as mileposts in 
the passage of time, others have given 
only a very technical and clinical 
survey of their research careers, with- 
out reference to other events occurring 
at the time, either in the scientific 
world, or in the world at large (such 
reference, if included, being of the 
greatest value and interest to the 
historian and to the lay-reader). 

There are three chapters that I 
should particularly like to single out— 
those by the late Hans Heller, by Dora 
Jacobsohn, and by Dorothy Price—in 
that not only do they excel in the good 
qualities described above, but they also 
reflect the charm and humility of their 
respective authors. 

It is regrettable that in the present 
volume two of the chapters are of a 
similar nature to the respective chapters 
in a comparable volume, The Neuro- 
sciences: Paths of Discovery (MIT 
Press, Boston). This book has, however, 
already met sufficient acclaim in 
America that the editors are presently 
commissioning writers for a second 
volume. That there should be so many 
pioneers available, and willing, to write 


+ 
Hunting Nubian ibex (Capra nubiana) in the Red Sea Hills of the Sudan. Nubian 
ibex have long, slender, knotted horns, gracefully curved. Among males, 42-inch 
trophies are not uncommon, and the new world record (shown above) measures 
54.5 inches. Taken from African Hunter. By James Mellon. Pp. xx +522. (Cassell: 
London, June, 1976.) £15.00. 
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presumably indicates that each and 
every scientist is a pioneer in his or her 
own way: the willingness, as pointed 
out by M. C. Shelesnyak, derives, at 
least in part, from the scientist “seeking 
self-satisfaction and nurturing (his) 
ego”. 
Although I would recommend that 
anyone involved in endocrine or physio- 
logical research should read this book, 
since they will do so with interest, I 
feel that the price is such that few will 
be able to afford to buy it. I fear, too, 
that this book is not sufficiently 
‘applied’ for most science libraries to 
purchase, unless, that is, they have a 
shelf principally intended for reference 
by after-dinner speakers. 

Barend ter Haar 





Barend ter Haar is a Senior Scientific 


officer (MRC) attached to the ARC 
Institute of Animal Physiology, Babra- 
ham, Cambridge, UK. 





Climate and man 


Climate and the Environment: The 
Atmospheric Impact on Man. (En- 
vironmental Studies.) By John F. 


Griffiths, Pp. viit+ 148. (Elek: London, 
May 1976.) £2.95. 


INTENDED for “students of geography 
and environmental studies at under- 
graduate and pre-university level” 
this book is a useful quick guide to 
the relationship between the workings 
of the atmosphere and the activities 
of man, without anything like the 
in-depth treatment of M. 1. Budyko’s 
classic work Climate and Life (Aca- 
demic: New York and London, 





1974; for review, see Nature, 251, 
362). The comparison is a natural 
one, since Griffiths approaches his 
subject through the energy budget- 
heat balance approach, drawing to 


some extent on the work of the 
Voeikoy Geophysical Observatory, 
where Budyko was until recently 


Director. He also draws on the work 
of many other climatologists, as is 
usual in a book of this kind, but with 
comprehensive references to the ori- 
ginal sources at the end of each 
chapter—a rarer, but welcome, prac- 
tice for a text at this level. 

There are many clear and useful 
illustrations, again culled from a 
variety of published works, and the 
text is well suited to the intended 
readership, with some of the mathe- 
matical details contained in appen- 
dices, again conveniently at the end 
of the appropriate chapters. The 
success of the author in reaching his 
planned market does, however, limit 
the usefulness of the book to anyone 
with a more advanced knowledge of 
the physical sciences who might have 
become interested in the subject 
through the continuing debate about 
the impact of climatic change on 
man, and the impact of man on 
climatic change. In the specified 
teaching context this book is likely 
to prove invaluable and is strongly 
recommended; at the next step up the 
academic ladder, however, Budyko’s 
book remains the essential introduc- 
tion to the subject. John Gribbin 





John Gribbin is a Visiting Fellow in 
the Science Policy Research Unit at 
the University of Sussex, UK. 
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obituary 


Alexander Naumovich Frumkin the 
father of modern electrochemistry died 
in Tala (200km from Moscow) after 
a heart attack on May 27, 1976. 

He was born in 1895 in Kishinev, 
capital of Moldavia (now the Mol- 
davian Soviet Socialist Republic), and 
attended the St Paul’s Real School in 
Odessa, 150km from his birthplace. 
On leaving school in 1912, he studied in 
Strasbourg and Bern but returned to 
graduate in the physico-mathematical 
faculty of the Novorussian University 
at Odessa, and become a staff member 
there. During this period he laid the 
foundations of the electrochemical 
studies which formed the mainstream 
of his work. His thesis, published in 
1919 (he never in fact received a 
doctorate, as such distinctions were 
abolished in the early days of revolu- 
tionary Russia) besides giving a 
masterly survey of the current views 
on these problems, contained several 
notable original contributions (among 
which, many of the major themes of 
Frumkin’s later work may be seen to 
have their origin): a careful experi- 
mental test of the basic equations of 
electrocapillarity, the identity of the 
point of zero charge determined by 
several methods, how Gibbs’ equation 
may be used to derive surface excesses 
from electrocapillary curves, the nature 
of the potential-dependence of the 
adsorption isotherm, the lack of a 
simple relation between the double- 
layer capacity and the bulk dielectric 
constant, and finally the origin of the 
e.m.f. of a galvanic cell (one of the 
basic problems of electrochemistry). 

In 1922 he moved to the Karpov 
Institute of Physical Chemistry in 
Moscow, formed to investigate the 


+ 


w 


fundamental physico-chemical basis of 
industrial processes. Here he extended 
his interests to the gas-liquid interface, 
to the adsorption of electrolytes on 
activated charcoal and platinum black 
and to the problems of wetting and 
contact angles. He made pioneer 
measurements of the Volta potentials 
of solutions and showed how they de- 
pended on molecular orientation at the 
surface. His outstanding r rch was 
recognised by his election to the 
Academy of Sciences of the USSR. 
His work in the decade after 1930 
was even more important for electro- 
chemistry. His first achievement was 
the marriage of surface chemistry and 
electrode reactions, in a paper which 


brilliantly used some earlier polaro- 
graphic studies to give a ratioñal theory 
of the salt effect on electrode reactions. 


The second major success was the first 
reliable direct measurement of the 
double-layer capacity and the demon- 
stration of the catastrophic effect of 
minute traces of impurities. This led to 
the first reproducible measurements of 
hydrogen overvoltage through the use 
of adequate purification by adsorption 
(on platinum black) and by electrolysis. 
Similar careful studies of the charging 
curves of the platinum electrode were 
used to study the adsorption rties 
of this complex system for hydrogen 
and oxygen as well as electrolytes, and 
culminated in the proposal of the 
logarithmic adsorption isotherm as well 
as in the first use of the alternating 
current method for the measurement 
of the rate of electrode reactions. He 
later showed how this method may also 
be used for studying rates of adsorp- 
tion. 

During the second world war Frum- 


kin was Director of the Colloido- 
Electrochemical Institute and, after the 
war, became for a time Director of the 
Institute of Physical Chemistry before, 
in 1958, a new Institute of Electro- 
chemistry was formed with him as its 
Director, a post he held until his death. 
His own work broadened and extended 
in all directions in collaboration with 
the eminent coworkers he had attracted. 
This work was characterised by the 
intimate collaboration of experimental- 
ists and theoreticians (notably V. G. 
Levich) which led to such developments 
as the rotating disc and ring-disc 
electrodes, the laws of photo-electric 
emission into solutions and the detailed 
understanding of the structure of 
electrified interfaces. His own interest 
in the last few years centred on the 
development and testing of the thermo- 
dynamic theory of interfaces across 
which charge may be freely transferred. 

His encyclopaedic knowledge of all 
parts of electro- and surface-chemistry 
earned the admiration of everyone who 
knew him and his achievements were 
recognised by many honours (including 
the title of Hero of Socialist Labour, 
on his 70th birthday). He was also a 
man of broad general culture. He spoke 
English, French and German fluently 
and had a passionate interest in litera- 
ture and the visual arts—he would 
travel far under diffieult conditions to 
see an early church with fine frescoes. 
His other passion was mountaineering; 
naturally his activities were more re- 
stricted in recent years, yet as late as 
last September he organised a car trip 
from Alma Ata as high as possible 
into the Tien Shan range, and was 
delighted to find that he suffered no 
ill effects. Roger Parsons 








announcements 





Appointments 


Dr R. C. Smith as professor of Physical 
Electronics at the University of South- 
ampton. 


Drs J. B. Harborne and D. M. Moore 
as Professors of Botany at the Univer- 
sity of Reading. 


Professor Sir John Dacie has been 
nominated President-elect of the Royal 
Society of Medicine. 


M. Hubert Curien has been appointed 
president of the Centre National 
d'Etudes Spatiales (CNES). 


Meetings 

August 2-6, Cell Wall Biochemistry 
Related to Specificity in Host-Plant 
Pathogen Interactions, Tromsø, Nor- 
way (Jan Raa, University of Troms¢, 
Tromsø, Norway). 

August 17-19, Water Relations in 
Membrane Transport in Plants and 
Animals, Philadelphia (American 


Physiological Society, c/o Dr Robert 
E. Forster, A-201 Richards Building 
G4, University of Pennsylvania, Phila- 
delphia 19174), 


August 23-27, Congress of the Inter- 
national Primatological Society, Cam- 
bridge (Dr D. J. Chivers, c/o Laundry 
Farm, Barton, Road, Cambridge, UK). 
September 7-9, Arboricultural Confer- 
ence, Worplesdon, Guildford (P. H. 
Bridgeman, c/o Merrist Wood Agricul- 
tural College, Worplesdon, Guildford, 
Surrey GU3 3PE, UK). 
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Aftermath of the Mark VA 


Tue tale of the Jodrell Bank Mark VA radiotelescope 
that was never built is a gloomy one from any point of 
view. The Fifth Report from the Commons Committee 
of Public Accounts (HMSO; £3.45) takes a look at it. 

Original plans were for the Science Research Council 
(SRC) to construct a 400-foot steerable dish (the Mark V); 
the council sought approval from the Department of 
Education and Science (DES) in 1970 on the basis of an 
estimate of £6.2 million (January 1970). A revision of the 
cost to £8 million caused the SRC to propose a smaller 
telescope—the Mark VA, with a 375-foot aperture, 
which they hoped could be built within the £6.2 million 
figure. A detailed design was to be prepared by the 
consulting engineers Husband and Company (a firm well 
experienced in radiotelescopes), covering drawings, bills 
of quantities and an invitation to tender for construction. 
The United Kingdom Atomic Energy Authority 
(UKAEA) would act as project managers, and it was 
estimated that £245,000 would be needed in consultants’ 
fees. A large fraction of this figure was tied to the final 
tender price fðr construction. 

Treasury approval for the design stage was given in 
June 1971. Ten months later the consultants were given 
the go-ahead to complete the design, if possible, within 
twelve months. They were told to alert the UKAEA if it 
seemed that the construction would cost more than was 
originally planned (due allowance had been made for 
inflation), Within six months they reported that the limit 
had been reached. After that, however, they were under 
no obligation to report costs further, and indeed had 
declined to have any further reporting written into their 
contract. The SRC’s explanation for this was that “the 
consulting engineer . . . was designing the telescope to 
make it as cheap to build as he could. He was still 
finding out how it could be built cheaply, and it was 
more important for him to do that than to keep estimating 
what the cost was”. 

The inevitable happened. In October 1973 the con- 
sultants finished; tenders received in March 1974, 
reflecting the great uncertainties then prevailing in the 
construction industry, were around the £14 million mark. 
The total cost was put at £16 to £17 million. (It had been 
estimated just before by the UKAEA that the £6.2 
million—at 1970 prices—which was the original total 
cost would have inflated to £10.7 million by January 
1974.) Faced with a 50% growth in real terms in costs, 
and having to live with negligible overall growth, the 
SRC abandoned the telescope in June 1974, having 


learnt that total costs had risen even more in the interim 
to £22 million. 

But this left one matter outstanding—the consultants” 
fee. As it was related to the tender price, it now amounted 
to the sum of almost £600,000, although on this the 
consultants eventually offered a rebate of £30,000. Even 
so. the amount they received was rather more than 
double what they must have expected on starting—a tidy 
windfall even when inflation had taken its toll. The SRC, 
which had not been informed itself of price escalation, 
had in its turn not been able in 1973 to keep the DES 
and the Treasury alerted to rising real costs, and had 
to seek special Treasury authority for the total design 
bill of £660,000. 

It is fairly easy now to look, back and see what went 
wrong. People were unused to dealing with inflationary 
conditions, and so didn’t exercise such stringent controls 
as they would now. Even so, the telescope might have 
come through unscathed were it not for the situation 
which developed nationally during precisely the months 
that potential contractors were preparing their tenders. 
As it is the SRC gets a mild rap over the knuckles 
for letting matters drift, and rightly so, although the 
report has a rather optimistic view of the willingness of 
the scientific community to drop major projects when 
costs escalate. But what about the method by which the 
consultants were paid? 

It must be made clear that the issue here is in no 
sense one of indulging in any gold-plating. The figures 
mentioned and the evidence of the SRC and the DES all 
fit in with the appalling way in which construction costs 
escalated. Be that as it may, the taxpayer ended up 
paying the consultants an “uncovenanted benefit”, in the 
words of the committee, totally unrelated to the cost of 
the project. What is more, the SRC, having decided not 
to go ahead. would have to pay an additional fee if it 
chose to think again, as the plans are the copyright of 
the consultants. The SRC did at the very outset enquire 
about retaining the drawings, but was told that this 
would roughly double the fees. 

All of this is legal and common practice. Fees are 
related to tender price, and copyright stays with the 
designer. But it does seem to the outsider to be open 
to charges of being inequitable, and it can lead to 
cynicism. The Public Accounts Committee calls for 
further consideration to be given to the way consultancy 
agreements work in the public sector. We hope someone 
is doing just that. 
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Energy from warm rocks 


Ron Oxburgh examines the prospects for geothermal energy 
in Britain, where a new research programme is to begin | 


| N the first few years of this century, 
an electrical generator with an output 
of several kilowatts was installed at 
Lardarello in northern Italy, to be 
driven by the steam which emanated 
naturally from the ground. It was 
the first modern attempt to harness the 
natural heat of the Earth to man’s 
purposes. Relatively little further pro- 
gress was made until the 1930s, but 
since then the use of geothermal energy 
has increased considerably, until today 
about 1100 MW are generated by this 
means in seven countries. Most of these 
installations pre-dated the rapid rise in 
fossil fuel prices of the past few years, 
and even then were competitive with 
conventional means of power genera- 
tion. Today their situation is still more 
favourable. 

Fifty or more countries are now in- 
volved in geothermal exploration. The 
number was recently increased by 
one with the decision announced by 
the UK Department of Energy to spend 
£840,000 on the geothermal exploration 
of Britain over the next three years. 
That decision was made ‘largely on the 
basis of Energy Paper No. 9 (Geotherm- 
al energy: the case for research in the 
United Kingdom), a special report 
prepared by the Energy Technology 
Support Unit at Harwell, in which Dr 
John Garnish, the author, argues 
cogently for a cautiously optimistic 
approach to the prospects of geother- 
mal energy in the UK. 


Heat by convection 
Heat is continuously generated within 
the Earth by the radioactive decay of 
unstable isotopes (mainly of U.Th and 
K) and is lost from the surface at an 
average rate of about 1.5 ucal cm™° s* 
(63mW m”’). At depths greater than 
about 80km heat transfer within the 
Earth is mainly by convection, but 
above that mainly by conduction; rocks 
are relatively poor conductors of heat 
and within this outer zone the con- 
ductive thermal gradient ranges from 
less than 10 °Ckm™ to about 60°C 
km™. This is true over more than 95% 
of the Earth’s surface, within the in- 
teriors of the great tectonic plates. 
Along the margins of the plates, 
however, and very occasionally within 
them, heat may locally be transferred 
to the surface or to within a few kilo- 
metres of it by convection. The con- 
vective medium in these cases is 
magma, or molten rock, at tempera- 
tures between 800°C and 1100 °C. 
The magma commonly interacts with 
ground water circulating in the pores 


of the near surface rocks to give rise to 
geysers, hot springs or fumaroles. 
Drilling to 1,000 m or so in such areas 
may provide flows of water or steam 
at between 200 °C and 300 °C which, 
in favourable circumstances, can be 
used to drive turbines and generate 
electricity. All the major producers of 
geothermal electricity—Italy, + the 
Western USA, New Zeala Japan 
and Mexico (1,030 MW together)—ex- 
ploit situations of this kind, and are 
all situated in the tectonically unstable 
earthquake and eruption-prone margins 
of plates. 

Rocks at comparable te ratures 
may be found beneath othe rts of 
the Earth’s surface, such as the UK, 
where subsurface temperat are 
governed largely by conductiðn, but 
they are much deeper. At the depth 
limit of present drilling experience 
(~9km for a cost of £2-3 million), 
temperatures in such areas el ex- 
ceed 300°C. Furthermore, it is not 
sufficient to reach hot rock: if the 
heat is to be used it must be extracted 
by means of circulating fluids, and for 
this process to be effective the fluid 
must be able to permeate the hot 
medium thoroughly through pores and 
fissures. With increasing depth, how- 
ever, the weight of the overlying rock 
tends to close pores and fissures and 
reduce the permeability to a very low 
value. 

For these reasons, in most places the 
hot rocks which everywhere underlie us 
are at present both too expensive to 
reach and too impermeable to exploit, 
and are rather unlikely to provide the 
large quantities of water suitable for 
the economic generation of electricity 
by conventional technology (tempera- 
tures in excess of 200 °C are required). 


Alternative applications 

If, however, we consider alternative 
applications of geothermal energy, the 
position is quite different. There is a 
wide range of uses for water above 
65 °C when it is used directly in a 
heat exchanger rather than to generate 
electricity. Taking 100°C as a con- 
venient reference value, rocks at this 
temperature may be reached virtually 
anywhere in the world by drilling holes 
well within the depth range of present 
technology. Whether these ‘‘warm 
rocks” constitute an exploitable natural 
resource depends upon the drilling 
costs of reaching them, their permea- 
bility structure, and the availability of 
a local demand for the low grade heat 
they can supply. 
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The economic considerations are 
now more finely balanced. As a very 
rough indication: given both suitable 
reservoir conditions at depth, and a 
suitable local market for the hot water, 
warm rock geothermal energy is at 
present competitive with fossil fuels 
if temperatures of 100°C can be 
reached at 3km or less. If, however, 
the cost of fossil fuels rises faster than 
drilling costs, this depth will be in- 
creased and the position of geothermal 
resources relatively improved. 

Viewed in this way, the evaluation 
of UK geothermal resources becomes a 
problem of identifying those areas with 
slightly higher than average geothermal 
gradient and of understanding the sub- 
surface distribution of permeability 
sufficiently well to distinguish those 
which are capable of successful exploi- 
tation. This latter problem is not a 
simple one, but is tractable by combin- 
ing the expertise of the oil industry in 
understanding and controlling the 
flow of fluids underground with experi- 
ence of hydrogeologists of rock per- 
meabilities and natural underground 
circulations of water in the UK. 

The problem of identifying regions 
of sufficiently high temperature is less 
easy. In the UK these are unlikely to 
be so pronounced that they give rise to 
significant perturbations of the surface 
magnetic field or the electrical con- 
ductivity structure of the crust, and 
there is little alternative to some kind 
of direct measurement of temperatures. 
Broadly, two approaches are possible. 
Deep holes may be drilled and tempera- 
tures measured at the proposed depth 
of exploitation. This is undoubtedly 
the safest method of exploration, but it 
is impossibly expensive unless the hole 
has been drilled for some other purpose 
which meets most of the costs. 

The other approach is to make very 
precise measurements in shallow holes 
and use these as a basis for extrapola- 
tion to greater depth. The difficulty here 
is that near surface temperatures may be 
influenced by climatic changes (ice age 
effects may still be recognised hundreds 
of metres below the surface), the cir- 
culation of ground water, -topographic 
irregularities of the surface and even 
erosional processes; for these reasons 
measurements are made in holes more 
than 200m deep and preferably more 
than twice that depth, and are then 
corrected for the effects of the 
various perturbing factors. The heat 
flux, q, is given by q=kf where k is 
the mean thermal conductivity of the 
rock, and B the mean thermal gradient, 
over a particular depth interval. The 
heat flow value determined in this way 
may then be used to predict the 
temperature at some greater depth with 
an accuracy which depends largely 
upon how well the thermal conductivity 
of the rocks down to that depth is 
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known. Heat flow measurements of 
this kind must form the main basis of 
any exploration programme. 

Although a relatively large number 
of underground temperatures have 
been measured in the UK, there have 
been relatively few reliable heat flow 
measurements—about 25. Although 
many of the temperature measurements 
were sufficiently accurate for the pur- 
poses for which they were made (venti- 
lation in mines, for example), they do 
do not form a reliable basis for extra- 
polation to significantly greater depths. 
Similarly the temperature logs obtained 
by oil companies, by measurement in 
holes when drilling is complete, are 
subject to very large errors because 
the temperatures around the hole 
have been seriously perturbed by the 
drilling process itself; the circulation of 
cold drilling fluid from the surface to 
the bottom of the hole may change the 
rock temperature by some tens of 
decrees and it is months or years 
before the rock returns to its initial 
temperature. 


Information inadequate 

Energy Paper No. 9 synthesises the 
observational information at present 
available from a variety of sources and 
concludes that although there are some 
parts of the country where it is very 
likely that geothermal energy would 
be competitive with fossil fuels, the 
temperature information at present 
available is inadequate to make any 
overall assessment of the country’s 
geothermal resources. Detailed cost 
analyses are pgesented to support the 
main recommendation that the possible 
benefits to the national energy budget 
justify the initiation of a national pro- 





Greenhouse heating: a use for geothermal energy 


gramme of geothermal exploration. 
\lthough the report itself makes an 
excellent case for such a programme, 
perhaps the most telling argument is 
that in France today there are several 
district heating schemes operating 
competitively on low grade geothermal 
energy, and that a number more are 
planned or are under constructon; 
these schemes have been established in 
situations which can be matched closely 
in the geology, and probably in thermal 
structure, by the Mesozoic sedimentary 
basins of this country. 

It should perhaps be emphasised that 
although heat is continuously generated 
within the Earth, in most situations 
geothermal energy must be regarded as 
a depletable resource, and its exploita- 
tion as heat mining; the rate of con- 
vective removal of heat from the rocks 
of a hot source area is orders of mag- 
nitude faster than the heat can be 
replaced by conduction from below. In 
most cases geothermal fields are ex- 
ploited at a rate designed to exhaust 
them in about twenty years. In a 
minority of situations (active volcanic 
regions, for example), the transport of 
heat to the surface by magma may 
match or exceed its extraction rate and 
the resource is not depletable, at any 
rate not significantly so. Questions now 
arise of just how and when possible 
geothermal resources should be ex- 
ploited, and how large a contribution 
they might be expected to make to the 
national energy budget. 

The answer to the first of these ques- 
tions to some extent depends upon the 
answer to the second. If legitimate 
geological expectations were satisfied 
and suitable markets for the available 
energy were found, it would not be 
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unreasonable to think of geothermal 
energy providing 1% or even 2% of 
the country’s energy for 20 years. The 
greatest uncertainty must, however, be 
the availability of the market. The 
energy is available in the form of hot 
water in the temperature range 
65-100 °C, temperatures which at pre- 
sent are generally considered too low 
for the efficient generation of electri- 
city, and so the heat must be extracted 
from the water directly. 

Furthermore, if additional heat 
losses by conduction are to be avoided, 
the hot water should ideally be used 
within a few miles, but certainly a few 
tens of miles, of the well head. There 
are various uses for low grade heat of 
this kind—domestic and industrial 
space heating, greenhouse heating, soil 
warming, fish farming and animal 
husbandry, various industrial fermenta- 
tions, the drying of a range of organic 
materials and so on. It has also been 
shown to be economically viable to use 
geothermal energy for pre-heating of 
water, which may then be heated fur- 
ther by electricity, for a wider range 
of applications. 


Policy decisions required 

The problem therefore of exploiting 
“warm rock” geothermal resources is 
not purely scientific or technological. 
It involves either a happy geographical 
coincidence, by which suitable con- 
sumers who are willing to change to a 
geothermal supply are situated in or 
near a geothermal source area, or the 
deliberate encouragement of suitable 
industrial development in the geo- 
thermal areas and the use of district 
heating schemes in any new housing 
developments in the area. These clearly 
require major decisions of public 
policy. Attractive features of such 
developments would be the fact that 
warm-rock geothermal energy is vir- 
tually pollution-free—rejected warm 
water which has been used is re- 
iniected into the ground for re-circula- 
tion. The surface plant is small and 
inconspicuous by comparison with any 
conventional power station. 

The time scale of possible exploita- 
tion of UK geothermal resources now 
becomes clearer. It is reasonable to 
expect that the programme planned for 
the next three years will give recon- 
naissance information for much of the 
cou . If the prospects appear 
rea ble at that level it would be 
appropriate to undertake a more inten- 
sive study of areas of particular 
interest. This second stage would re- 
quire extensive shallow drilling (about 
500m) and some deep drilling, and 
could take five years; the rate of pro- 
gress would be constrained by both the 
availability of drilling capacity and the 
time taken for drilling—although there 
is great variation, a 4km hole could 
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take nearly 12 months to drill. It might 
then be possible to make an informed 
decision on whether to attempt com- 
mercial exploitation of the country’s 
geothermal resources in the latter part 
of the 1980s. 

If a positive decision were taken at 
that stage a third phase of develop- 
ment could begin with drilling of pro- 
duction holes, the planning of distribu- 
tion systems and the stimulation of 
the potential market. The use of 
geothermal energy on any significant 
scale could not be expected before the 
turn of the century. This timetable is 
probably about the fastest which is 
practicable, and if desirable it could 
easily be lengthened: it would, how- 
ever, mean that geothermal power 
became available about the time that 
production from the North Sea oil and 
gas fields began to drop significantly, 
and Britain changed from being a net 
exporter of oil to an importer once 
more. 

Any consideration of the geothermal 
prospects of the UK. however, goes 
beyond the question of the heat which 
may be extracted from warm rocks of 
the upper crust. Experiments have been 
going on for some years at the Los 
Alamos Scientific Laboratory in the 
United States with a view to generating 
fractures artificially to permit water 
circulation both through rocks which 
are naturally impermeable, and 
through those which are so deeply 
buried in the crust that natural pores 


and fissures have normally closed. If 
these experiments were successful, it 
could become feasible to use such “hot 
rocks” to heat circulating water suffi- 
ciently for the generation of electricity. 
The economic viability of such a 
scheme would be much enhanced by 
improvements in deep drilling methods; 
at present drilling costs roughly double 
for every 2km increase in hole depth. 
Such a development would increase the 
available geothermal resource by more 
than a factor of 10 and free it from the 
geographical constraints which limit 
the use of warm water. The national 
long term geothermal strategy should, 
therefore, be seriously re-appraised if 
the Los Alamos experiments are pro- 
mising. But no one should pretend that 
geothermal energy will solve the UK’s 
energy problem; a small and possibly 
highly profitable resource, on the other 
hand, probably does exist—it is also a 
resource for the exploitation of which 
there are no large savings of scale, 
so that p'ecemeal development to 
satisfy local requirements is possible. 


No complacency 

It is probably fair to say that in the 
present world economic climate a 
country cannot afford not to investi- 
gate its geothermal resources further. 
It might be asked whether it is pro- 
posed to carry out the UK’s geothermal 
exploration sufficiently rapidly: at pre- 
sent there is neither the drilling 
capacity nor sufficient trained man- 


Adjust, amend and heal 


The face of big science is changing constantly. 
Wil Lepkowski reports from Berkeley, California, 
on the way a famous laboratory has tried to adapt 


SCAR WILDE was once heard to 

say of an old acquaintance, “There 
goes a man with a promising past.” 
One might be tempted to direct the 
same comments at the Lawrence 
Berkeley Laboratory of Berkeley, Cali- 
fornia, where eight men have won 
Nobel Prizes for work in high energy 


physics, nuclear physics, nuclear 
chemistry, and photosynthesis. All 
winners, save the famed, forceful 


Ernest Orlando Lawrence, still live and 
form a solid command of [senior 
directors who continue to chart the 
fortunes of the facility. 

It is clear that the time of grand 
high drama in research is over at the 
old Lawrence Radiation Laboratory. 
For one thing, its support now comes 
from the Energy Research and De- 
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velopment Administration (ERDA), 
whose mission is much more broad 
and ambitious than that of its pre- 
decessor, the Atomic Energy Com- 
mission (AEC). For another, the re- 
search budget for the things the Rad 
Lab always did best no longer arises 
at the rate it once did. And for a third, 
ERDA’s new mission is not only much 
broader that the AEC’s but is focusing 
its formula on industrial commercialis- 
ation of energy research and develop- 
ment, chiefly big scale systems. 
Physics remains the most potent re- 
source of the Lawrence Berkeley 
Laboratory (LBL). But the Labora- 
tory is no longer the mecca for the 
brightest young minds seeking achieve- 
ment through that once unique Rad 
Lab combination of men and machines. 
The men might still be around (and the 
use of the word “men” is deliberate, 
for the Laboratory is distinctly male 
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power to mount an extensive crash 
programme, but even if there were it 
would not necessarily be more effective 
than a phased and progressively in- 
creasing effort over the next 10 years. 
The essential point is that no one be 
lured into a false sense of energy com- 
placency during the next two decades 
of oil abundance, to the detriment of 
the development of other resources on 
which everyone will later depend. 

A few may wish to ponder the point 
that many of the UK’s large power 
stations reject hot water at tempera- 
tures which are regarded as suitable 
for geothermal exploitation in other 
parts of the world, and perhaps to 
question the wisdom of today continu- 
ing to charge a government authority 
with the limited mandate of generating 
electricity at the lowest possible price. 
And for those to whose lot it falls 
from time to time to defend the role 
of “pure science” in straitened eco- 
nomic circumstances, it is worth point- 
ing out that the study of terrestrial heat 
flow which was until two years ago one 
of the most esoteric, albeit fascinating, 
branches of geophysics, has overnight 
become directly “relevant” and 
applied. Had not the Natural Environ- 
ment Research Council (NERC) sup- 
ported two university groups in this 
fields for a number of years, the UK 
would have completely lacked the 
technical expertise with which to im- 
plement fully its present geothermal 
programme. o 


dominated), but the machines are not. 
High energy physics & no longer done 
on site. The famed Bevatron is used 
now for cancer research and treatment 
and for nuclear physics. Officials say a 
new and exciting era could come into 
being through the Positron—Electron 
Project with Stanford University. In 
that project Stanford’s Linear Accelera- 
tor would inject electrons and positrons 
into a new storage ring and the two 
particles would collide to produce 
energy patterns of unprecedentedly fine 
detail. But critics note that the new 
machine will not be at Berkeley but at 
Stanford. Laboratory officials may say 
it doesn’t matter, but it really does. 
The place to be will be Stanford. 


Sinking sensation 

One thus hears oddments of commen- 
tary in the labs, and on the bus that 
shuttles researchers between the Uni- 
versity of California campus and the 
Laboratory, that LBL is “sinking”. 
The precise reasons are hard to track 
down because the Laboratory is no 
longer laying people off and the re- 
search budget is rising—from_ the 
current $47 million to around $60 
million by the end of the next fiscal 
year. The sinking sensation is easily 
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explained on psychological grounds— 
anxiety over a vanishing pride and 
autonomy. Fundamental physics is no 
longer choice at LBL. Money in that 
field—once LBL’s pride—is hard to 
come by. “The motto at this place once 
was, ‘why use lead when gold will do,’ ” 
comments one researcher. LBL has had 
to become austere since 1970 and still 
is searching for a guiding star. 

In 1970 the Atomic Energy Com- 
mission was still in existence. But its 
basic research budget was beginning 
to drop and LBL, along with AEC’s 
seven other national laboratories, was 
forced to cut projects and personnel. 
The Laboratory formed an environ- 
mental division which with some success 
sought funds from agencies other than 
AEC. Still, the mood continued down- 
ward. As the concern over energy rose, 
the environment division became the 
energy and environment (E and E) 
department. By 1974, ERDA was 
created and with it an injection of 
energy research dollars. E and E will 
attain a budget of nearly $17 million by 
next year. 

E and E’s acting director Robert 
Budnitz, a physicist, literally bubbles 
with optimism over the future of at 
least his division. Programmes include 
geothermal power, solar energy, fusion, 
and energy conservation, and the 
enthusiasm a visitor unerringly sees 
comes from scientists who like their 
work and know that someone who 
funds it appreciates it. 

But LBL must still live with the fact 
that it is no longer the centre for 
intellect and excitement in basic 
science. ERDA, in fact, defines it as a 
general purpose laboratory uniquely 
linked to a great university. The hope 
is that LBL will utilise university 
scholars in law, economics and the 
social sciences to integrate energy re- 
search and technology with their 
application. One always wonders about 
the effectiveness of this kind of activity 
under an agency whose theme is big 
systems. The work may be funded but 
will it make a difference? And even 
more fundamentally, will it be any good 
anyway? Yet, such work is supremely 
important in an era of rising terrorism 
and nuclear proliferation. 


A style that suits? 

An issue that is not being tackled 
directly as yet is whether the manage- 
ment style of LBL is really suitable for 
the kind of work that needs doing for 
the development of energy research. 
LBL created what Alvin Weinberg has 
called Big Science—the need to expend 
large sums of money on big machines 
to carry out research on the smallest 
particles of matter. The Lawrence 
Laboratory owes most of its Nobel 
Prizes to that style of research 
emphasising machines, teams, and 
° 
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discipline. But was the work really 
scientifically creative? Or was it 
creative engineering in the service of 
science? 

One critic, physicist Robert Yaes of 
Memorial University, St. John’s New- 
foundland, thinks LBL’s science has 
been over-rated. He said the Berkeley 
group was more interested in building 
larger and larger machines rather than 
with “doing experiments with the ones 
they had.” One of the most significant 
discoveries in nuclear physics, nuclear 
fission, he says, was made by Hahn, 
Strassman, Meitner, and Frisch in 
Europe, “even though the Lawrence 
group had the world’s most intense 
neutron beam.” Similarly, the first 
nuclear disintegrations were made by 
Cockroft and Walton with an electro- 
static generator that produced protons 
of only several hundred KeV. 

“In short”, he says after citing other 
examples, “even though the Berkeley 
group possessed beams of energy and 
intensity available nowhere else in the 
world, the most significant discoveries 
were still being made by the ‘string and 
sealing wax’ people in Europe”. 

There is growing debate over whether 
large scale technology is in society’s 
best interests, with its tendency toward 
more and more control by a technical 
elite, towards the necessity of producing 
elaborate security structures around it, 
and toward increasing social fragility 
out of the possibility of breakdown. It 
may be that at least one highly 
sophisticated laboratory would serve 
ERDA well by emphasising the “string 
and sealing wax” approach to energy 
research and development through a 
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focus on small systems. At the very 
least ERDA might put aside one 
laboratory to question prevailing 
philosophy and probe the basics of 
energy systems. At the moment it has 
no such place—a place that preserves 
and nourishes first principles. 


ERDA taking a view 

ERDA is studying the future role of 
the national laboratories in light of its 
mission to commercialise energy tech- 
nology. It is asking practical questions 
about how one goes about linking their 
research and development functions 
with industrial development and 
demonstration. In the case of LBL, it 
is serious about integrating research at 
the University of California, which is 
contract manager of the Laboratory, 
with research at LBL. 

But ERDA is also undecided about 
its overall research management strat- 
egy. It talks of regional programmes 
and projects and speaks of using the 
national laboratories somehow in the 
regionalisation of energy research. At 
the same time it says many laboratories, 
especially Berkeley have a broad 
spectrum of capability in many fields. 
And all the while, ERDA policies are 
su t to political whims, since their 
Associate directors are all politically 
appointed. It is little wonder LBL 
officials are confused and worried. It 
is a centre with a rich tradition ir 
research, and once bursting with prič 
and confidence. Now it searches for 
prevailing philosophy against a br 
drop of an agency that cannot yet 
exactly how it plans to steer its 
ship. 
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Coping with variability 


Wil Lepkowski reports on the response 
of US agriculture to climatic change, 
the subject of a recent report 





THE one sure thing about the weather 
—and the climate—is that it will 
change. Therefore farmers, who de- 
pend on the weather, must be nimble. 
That is the essence of a report issued 
last month by the Washington-based 
Institute of Ecology under support 
from the Kettering Foundation of 
Dayton, Ohio. The report says clima- 
toligists may not agree for some time 
over whether the climate is warming 
or cooling. But what they can agree on 
is that it will fluctuate. The strange 
point the report makes is that North 
American agriculture may be unpre- 
pared for the normal fluctuations in 
climate. 

Why? It may have grown compla- 
cent over the good run of weather 
experienced during the 1950s and 
1960s, when agriculture boomed. As a 
result, the technology of fertilisation, 
pest control, and plant genetics may 
have softened crop resistance to fluc- 
tuation with the result that agricul- 
ture may have made itself vulnerable 
to trouble. 

The panel, which had only six 
months to study the issue, makes three 
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major recommendations: that weather 
scientists step up research on the pro- 
cesses and mechanisms of climatic 
change, that scientists develop research 
leading to improved strategies for food 
production under climatic stress, and 
that governments expand agricultural 
information networks to inform 
farmers more quickly of conditions 
affecting their crops. 

The saga of the American farmer is 
that of a crusty realist always pre- 
pared for climatological vagaries. But 
this report emphasises agriculture’s 
soft underbelly — that behind the 
legend lies bureaucratic complacency. 
It says with world population continu- 
ing to expand by 200,000 souls a day, 
and virtually all arable land under 
cultivation, agriculture is at the brink. 
It must be more watchful of its 
assumptions, more anticipatory of 
trouble. And the bureaucracy isn’t. 

The study, which was chaired by 
Professor James E. Newman, a Purdue 
University bioclimatologist, is ecology’s 
first major try at tackling the agri- 
cultural policy issue. Its range was 
limited to Canadian wheat and Ameri- 
can wheat, sorghum, corn, and soy- 
beans, and it traced the production 
record of these crops under various 
degrees of climatological stress during 
the past 40 years. Its tone is that of a 


Genetic manipulation: report due 





For many of Britain’s molecular 
biologists, a long wait is almost over. 
Eleanor Lawrence reports 





Tue long-awaited report of the Wil- 
liams Working Party on the Practice 
of Genetic Manipulation is “being 
printed and will be published shortly”, 
according to Mr Fred Mulley, the UK 
Secretary of State for Education and 
Science, in a written reply to a Parlia- 
mentary question last week. 

Mr Mulley was giving few details 
away on the code of practice itself, 
except that it will in the first instance 
be a voluntary one, with the possible 
introduction of specific statutory con- 
trols later in the light of experience. It 
will set out principles for categorising 
experiments and recommend various 
levels of safety precautions necessary 
for particular categories of experiment. 
But he shed a little light on the in- 
tended role of the proposed central 
advisory group. From this it looks as 
though scientists will have to wait 
until the advisory group is set up 


before their long-deferred experiments 
can begin. 

The provision of a central advisory 
service for laboratories wishing to 
carry out genetic engineering was 
originally recommended by the Ashby 
Working Party which reported in 
January 1975. The experiments involve 
the transfer of alien genes to the com- 
mon gut bacterium Escherichia coli by 
splicing the foreign genes onto a plas- 
mid or bacteriophage vector. 

One consequence of this might be 
that Escherichia coli with unusual and 
possibly harmful properties conferred 
on it by the transplanted genes might 
escape from the laboratory and infect 
the population at large. One of the 
fears when these experiments were first 
proposed was that they would be car- 
ried out in laboratories with little pre- 
vious experince of the microbiological 
techniques developed to contain poten- 
tially dangerous organisms. 

The Williams Working Party has 
endorsed the idea of a central advisory 
service but apparently sees it as a 
watchdog as well as adviser. According 


gentle warning rather than a vigorous 
call to action. One senses that farmers 
gathered for gossip at the general 
store would nod tired agreement but 
that the boardrooms of agribusiness 
corporations would pay only passing 
heed. 

There is an undercurrent of concern 
over the vulnerability of technological 
agriculture, especially in view of its 
dependence on fossil fuel technology. 
And climate remains a concern, Four 
big studies are continuing in the US 
and each bears watching: 

@ “Study of Changing Climate Pat- 
terns and their Effect on Agricultural 
and Renewable Resource Produc- 
tivity”, by the National Academy of 
Sciences. 

@ “Living with Climatic Change”, 
co-sponsored by the American Meteoro- 
logical Society, the Canadian Meteoro- 
logical Society, the | Geophysical 
Institute of the National Autonomous 
University of Mexico, and the Science 
Council of Canada. 

@ The Large Crop Inventory experi- 
ment, by the National Aeronautics and 
Space Administration, US Department 
of Agriculture, and National Oceano- 
graphic and Atmospheric Administra- 
tion. 

@ “Impact of Climate Change on the 
Character and Quality of Human 
Life”, by the Aspen Institute for 
Humanistic Studies. g 





to Mr Mulley’s statement the Working 
Party has recommended that any 
laboratory contemplating experiments 
likely to come under the code should 
be required to notify the central 
advisory service before beginning work. 
This recommendation can be imple- 
mented through regulations which can 
be drawn up under the present Health 
and Safety at Work Act. 

These recommendations will in some 
respects provide the proposed British 
scheme with an advantage over the 
recently-published American guide- 
lines, which only strictly apply to work 
funded by the National Institutes of 
Health; in Britain, all laboratories, 
whether university, government or in- 
dustrial, will be covered. 

The Working Party report is 
expected within the month, and Mr. 
Mulley intends to appoint the members 
of the central advisory group as 
quickly as possible and make im- 
mediate arrangements for it to get to 
work. The Health and Safety Com- 
mission will also soon be circulating 
for comment its proposals for regula- 
tions requiring notification of proposed 


experiments. 
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'® The UK Energy Secretary, Mr 
Anthony Wedgwood Benn, rarely out 
of the news these days, has been 
asked to delay his autumn decision on 
the 1,300MW demonstration fast 
breeder reactor, CFR-1, pending the 
forthcoming report from the House 
of Commons Select Committee on 
Science and Technology on alterna- 
tive energy sources. The request came 
Jast week from Mr Arthur Palmer, 
the Committee’s Chairman, and in 
response Mr Benn has indicated that 
he does not at the moment want to 
wait beyond the end of October. 

This tight autumn schedule is not 
new, but Mr Benn’s implication that 
he may not wait is. What is more, 
the UK Atomic Energy Authority 
(UKAEA) this time round is believed 
to be seeking clearance only for a 
firm timetable and site selection, and 
is prepared to wait as long as two 
years for a final decision on whether 
to build the fast breeder. As for the 
Select Committee, which is consider- 
ing the likely future role of the re- 
actor in Britain for the purposes of 
its report, it is understood to be more 
disposed towards the reactor than 
against it at present. 

The UKAEA’s drive to keep pro- 
gress on the fast breeder ticking over 
smoothly is meanwhile slipping into 
a higher gear following Treasury 
approval of a £10.5 millions contract 
for three steam generators. The 
generators, expected to be ready for 
the 250 MW prototype fast breeder at 
Dounreay in Scotland by 1979, are 
exactly similar in design and size to 
those planned, in greater number, for 
CFR-1. The design in use at the 
moment isunlikely to prove entirely 
satisfactory for commercial operation, 
and represents little more than an 
interim stage of development. 

Also making progress, it seems, is 
the Central Electricity Generating 
Board’s (CEGB) attempt to negotiate 
a share in the 1,200MW Superphénix 
project on the Rhône. Discussions 
have been proceeding for some 
months, but details have remained 
secret. Now it is reported that the 
French-German-Italian consortium 
involved has offered the CEGB a 10% 
interest for an initial stake of £60 
millions. 

@ Why thas: Mr Benn appointed Mr 
Francis’ Tombs, head of the South of 
Scotland Electricity Board, as suc- 
cessor to Sir Peter, Menzies, Chairman 
of the UK Electricity Council, when 
he retires in March 1977? Insofar as 

‘it is a matter of alternatives, the 
simple answer is that Tombs is only 
52, whereas his counterpart at the 


CEGB and his obvious competitor, Sir 
Arthur Hawkins, is himself close to 
retirement at 64. 

But, like most problems facing the 
Energy Minister, this is not being seen 
as a simple matter of alternatives. In 
his present position, for instance, 
Tombs heads the only electricity 
board in the country which both 
generates and markets electricity. So, 
one argument runs, the government 
could be preparing to implement the 
Plowden Reports call for closer 
integration of both aspects of the 
business throughout Britain. 

More controversially, there is the 
suggestion that Tombs’ support for 
the Steam Generating Heavy Water 
Reactor (SGHWR), now under review 
by the Department of Energy (DEN), 
won him his new position—that he 
would be able to keep the SGHWR 
programme firmly on course. Equally, 
though, with Tombs placed where he 
may have to compromise with indivi- 
dual generating boards, the project 
might more easily slip quietly away 

Not so, says the Department of 

Energy, chary of every hypothesis. 
Then why has Tombs been appointed 
so far in advance? Once bitten, twice 
shy, says the DEN, adding that it 
burned its fingers over the delay in 
the recent reappointment of Sir 
Derek Ezra ‘as head of the -UK 
National Coal Board. ; 
@ The SGHWR receives a mention 
in the report released last week of 
the Public Accounts Committee 
(PAC), the committee of MPs which 
oversees government spending. In the 
interests of ‘‘effective financial and 
technical control”, it says, the finan- 
cial responsibilities of the various 
parties involved “should be clearly 
defined as soon as possible”. Every 
inducement to efficiency and economy 
should be incorporated in the con- 
tractual arrangements, and the 
absence of a fully costed design 
should not delay agreement in prin- 
ciple on these matters. The committee 
was told that the total cost of the 
SGHWR programme would be about 
£100 million. 

The committee also made some 
comments on British Nuclear Fuels 
Ltd (BNFL)..BNFL had in the pre- 
vious week published its annual report 
showing an increase in both profits 
and export earnings; Alex Eadie, 


junior minister at the Department of - 


Energy, had at the same time revealed 
in a Commons answer that the 
government had agreed a massive 
£715 million investment programme 
for the next ten years. 


BNFL (profits last year: £11.9 


. million) has paid no dividends for the 
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past four years; this, says the PAC, 
is equivalent to the Exchequer provid- 


-ing interest-free advances of capital, 


and the no-dividend policy should be 
re-examined if the company is to 
operate on a normal commercial 
basis. There should also be close con- 
trol of BNFL’s investment pro- 
gramme; expenditure should be ap- 
proved only if there are good pro- 
spects of an adequate return. 

The main feature of BNFL’s invest- 
ment programme is the expenditure’ 
of £300 million enlarging the capacity 
of its uranium enrichment facility at 
Capenhurst in Cheshire. The plant, 
based on the gas centrifuge process, 
involves BNFL working in association 
with West Germany and Holland as 
partners in Urenco, which last year 
won sizeable enrichment orders. 
Another £130 million focuses chiefly 
on the conversion of uranium oxide 
to uranium hexafluoride for enrich- 
ment, for which BNFL also won 
orders last year; £245 million is going 
on extensions and improvements to 
the facilities at Windscale used for 
reprocessing nuclear fuel; and £40 
million is being devoted to developing 
the process for the vitrification of waste. 
_ According to Mr Eadie, the saving 
to the balance of payments through 
Magnox fuel reprocessing for domes- 
tic customers is ‘‘at least £200 
million”, and the revenue from re- 


_ processing carried out at Windscale 


for overseas customers thas so far 
been. “about £12 million”. 

@ A British Government reply made 
recently to the 42 recommendations 
on- energy conservation from the 
Select Committee on Science and 
Technology last year latches on to 
some of the committee’s ideas but 
parries the criticisms about weakness 
in central direction on conservation 
by saying that there are “limits on 
how active a part government can 
play without getting into a situation 
where it is taking consumers’ deci- 
sions for them”. That said, the 
government has gone some of the way 
to meeting the committee’s call for a 
full-time task force pf Ministers and 
others, and has also announced more 
help for small companies, an ,exten- 
sion of the energy-saving loan scheme 
for companies, the provision of better 
information on energy-saving, and an 
extra £1 million for the “Save It” 
campaign (described by the Select 
Committee as a “feeble” exercise). If 
these moves are more than marginally 
effective they will need to be factored 
in to the ongoing debate on Britain’s 
future requirements of nuclear power. 
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More nuclear deals 


There’s no ‘relief in sight for those 
campaigning for greater restraint in 
the burgeoning international trade in 
nuclear technology. At the end of last 
week the delayed Franco-South 
African deal for the construction of 
two pressurised water reactors finally 
went through when Escom and the 
French consortium headed by Frama- 
tome signed contracts in South Africa. 
Only a couple of days earlier France’s 
Foreign Trade Minister initialled an 
agreement in Seoul under which 
Framatome will build two similar 
reactors for South Korea. 

France’s sale of a small reprocessing 
plant to South Korea was stalled earlier 
this year following US pressure. Now 
similar pressure -has been brought to 
bear over an almost identical deal 
between France and Pakistan. At the 


weekend Dr 


Henry Kissinger told 


Juty is the prime time for the High 
Country in the southern Sierra 
Nevada of California. This was so in 
1976 more than usual, because of 
the severe drought that had prema- 
turely melted the big snowbanks. It 
was in July 1935 that I had first 
tasted their icy waters, as addictive 
as the most insidious of narcotics. 
And so, for the 39th summer, in a 
series broken only by war years, I set 
forth to regions above timberline, 
knapsack on back. What new changes 
would I find that had been wrought 
by technology and human beings? 
Within the mountains of California, 
Yosemite, Kings Canyon and Sequoia 
National Parks are known for small 
areas that can be reached by road, 
but beyond these are hundreds of 
square miles that are reserved for 
what has been called “the aristocracy 
of the physically fit.” Even this elite 
group dwindles as one heads away 
from the trails. It is curious that, 
even in the mountains, human beings 
tend to collect in herds. I still have 
no difficulty in finding big lakes, 
above 11,000 feet, where I am alone 
with peaks, trout and jet planes. 
Thirty years ago, many beauty 
spots of the High Country were de- 
filed by monumental piles of cans 
and bottles. Most of these have been 
patiently removed by volunteer 
labour. The volunteers, helped by 
Officials, have also removed wrecked 
planes, piece by piece. Travel by 
horses and mules has been greatly 
reduced by high costs, and has been 
mostly replaced by the use of ingen- 


President Bhutto that Pakistan risked 
losing US military and economic aid 
if it went ahead. Bhutto reportedly in- 
sisted that Pakistan be treated in the 
same way as Iran, which apparently 
wishes to reprocess nuclear waste 
from its reactors locally rather than 
outside the area Israel and Egypt, on 
the other hand, with which the US has 
now initialled agreements on the sale 
of reactors, have agreed to let any 
reprocessing be’ done outside the 
Middle East. 


In the US, meanwhile, the State De- 
partment has conceded that American 
materials may have been involved 
in India’s nuclear explosion in 1974. 


Biblis problems 


A senior executive of Kraftwerk Union 
(KWU) announced this week that the 
huge nuclear power plant at Biblis, 
West Germany, would be technically 


ious lightweight backpacking equip- 
ment and dried food. 

The US Government, as may be 
expected, increasingly regulates travel 
in the wilderness. The official and 
praiseworthy concept is that “man 
as a temporary visitor, should leave 
no permanent imprint.” One has to 


Mountain streets 





THOMAS H. JUKES 





file the equivalent of a ‘“‘flight plan” 
before being permitted to take off. 
Simultaneously, nine pages of ‘‘sug- 
gestions” and rules are thrust into 
one’s hand Enforcement of these is 
often by female rangers who are the 
spiritual granddaughters of members 
of the Women’s Christian Temper- 
ance Union. One of these rangers is 
spoken of with admiration by her col- 


capable of returning to service by the 
end of the week, although clearance 
from the relevant authorities would 
still take some time. 

The twin pressurised water reactors 
were closed for a routine inspection 
three months ago. In a joint statement 
last week, the operators, RWE, and 
builders, KWU, disclosed that ‘‘in- 
cipient cracking’ had been found in 
the cooling water reservoirs of both 
reactors, and that steel bolts which had 
sheared off in the main cooling circuit 
of the commercially operating ‘A’ 
block reactor had been carried close to 
the nuclear core. The shutdown was 
originally scheduled to last eight weeks. 
The Biblis installation is the model for 
the four reactors to be built by KWU 
in Brazil and Iran, and officials are 
stressing that the breakdowns are not 
a cause for alarm One estimate which 
has been made of the’ cost to the 
operators is $50 million. 


leagues as having recently written 
twenty “‘traffic tickets” for offences 
committed by feckless hikers on the 
eastern slopes of Mount Whitney. 

Years ago, the “organic waste 
problem” in mountain travel was 
Officially given only a casual refer- 
ence We were archly advised to “do 
like the cat; dig a hole and bury it” 
Today the instructions for “sanitation 
and waste disposal’ accupy seven 
column inches. The dimensions of the 
pertinent hole are now specified as 
5 to 6 inches deep and 8 to 10 inches 
across. T notice that the indigenous 
cats (Felis couguar) apparently do not 
read, and do not dig holes, preferring 
to leave evidence of their passage in 
the open as a defiant challenge to 
territorial intruders. 

On July 15, I lay for twelve hours 
in a small plastic tube tent, at 10,800 
feet, as a magnificent electric storm 
crashed incessantly in the darkness 
and, at midnight, a huge rain- 
loosened rock avalanche roared down 
a nearby granite cliff Next day, in 
the bright sunlight, I caught golden 
trout. A few nights later, a Pacific , 
Fisher (Martes pennanti) stealthily 
and silently made off with a string of 
golden trout that I had hung above 
my head in a pine tree while I slept 
in the open, well above the altitudes 
where bears live. My vexation was 
tinged with admiration when I got up 
at dawn to find the loss. I headed for 
the lake to replace the theft, and 
then walked for nineteen miles, 
through the rocky streets of the 
mountains, back to the road-head 
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news and views 





Chromatin superstructure 


from H. G. Davies 


PROGRESS in‘ understanding the struc- 
ture of chromatin and eukaryotic chro- 
mosomes continues apace. Early elec- 
tron micrographs by Ris and others 
had shown that the long fibres obtained 
from chromosomes were either thin, 
‘about 10nm, or thick, about 25 nm, 
depending on the presence.or absence 
of chelating agents Hitherto, however, 
it has not been clear how the two fibres 
are related. The past few years have 
seen the emergence of evidence that 
chromatin has a subunit structure; 
nuclease digestion of chromatin yields 
pieces of DNA which are multiples of 
about 200 base pairs, histones occur as 
oligomers, and electron micrographs of 
suitably lysed nuclei show linear arrays 
of interconnected 
particles about 10nm diameter called 
beads, v-bodies, or nucleosomes. Korn- 
berg has put forward a model .for the 
10 nm fibre—a flexible chain of repeat- 
ing structural units, like “beads on a 
string” (Science, 184, 868; 1974), each 
bead containing two each of the four 
major histones. 

Finch and Klug (Proc. natn. Acad. 
Sci. U.S.A., 73; 1897; 1976) now pro- 
vide evidence to show that thin fibres 
about 40 repeat-units long, obtained 
from rat liver nuclei'by brief nuclease 
digestion, can undergo helical folding 
to form a solenoidal structure about 
30 to 50nm wide. The evidence for 
helices is based first on electron micro- 
graphs which show more-or-less clear 
striations, separation about 12-15nm 
crossing the thick fibre, and second, on 
new X-ray diffraction ‘data and a re- 
interpretation of the earlier patterns 
obtained by Wilkins and collaborators, 
and Luzzati and Nicolaieff, showing 
maxima 11.0, 5.5, 3.7, 2.7 and 2.2 nm 
The key experiment is a comparison of 
the X-ray spectra of thin and thick 
fibres and the results are different from 
those obtained previously, due, pre- 
sumably, to improved methods of pre- 
paring chromatin. Sperling and Tardieu 
(FEBS Lett , 64, 89, 1976) find that,the 
scattering from thin fibres in the region 
of spacings 40 to 3.nm fits the theore- 
tical curve for a continuous density rod 
with no peaks at 11 and 5.5nm. The 
Jinm and other reflections appear, 
however, under conditions where 
solenoidal structures can be seen in 


electron micrographs. Hence Finch and 
e i 


roughly spherical. 


Klug now propose that the reflections 
at about 11 nm and higher orders arise 
from the spacings between the turns of 
solenoids of low pitch angle and not 
from an interbead spacing of 10-11 nm 
along the thin fibre as had been 
universally, and quite reasonably, 
assumed, and indeed used by Kornberg 
to support his model. The new explana- 
tion of the spectra is similar to that 
originally proposed by ‘Pardon and 
Wilkins (J. molec. Biol., 68, 115; 1972) 
except that they thought in terms of 
supercoiling DNA, rather than the 
continuous 10nm fibre The data 
appear to confirm a suspicion held by 
many that the repeating unit in the 
thin fibre only becomes visible as v- 
bodies or nucleosomes under special 
conditions. Those electron microscop- 
ists who, for one reason or another, 
did not see the thin fibres as beaded, 


-but continuous, a result confirmed by 


Finch and Klug, will be unable to 
resist a smile at this. latest turn of 
events. 

Another key observation is that by 
Carpenter et al. (Nucleic Acids Res., 3, 
1739; 1976) on neutron diffraction from 
oriented fibres of chromatin. The 
meridionally oriented reflection at 
about 10 nm, is now seen to be split, 
forming a cross pattern with semi- 
meridional angle of 8° to 9°. This is a 
sure sign to the cognoscenti that it 
originates from a helix. They propose 
as a model a coil of nucleosomes of 
pitch 10nm and an outer diameter 
about 30 nm, dimensions corresponding 
to about six nucleosomes per turn of 
the helix. Of course, such a splitting of 
this meridional reflection could also be 
expected in the solenoidal model 
formed from a continuous 10nm 
thread. 

On the basis of electron microscopy 
of sections, we have described thread- 
like units within condensed interphase 
chromosomes, or chromatin bodies. 
These “‘superunit threads” about 28:0 
nm diameter, are clearly recognisable 
because they tend to line up into layers 
at the surfaces of nuclei, and can also 
form monolayers, width independent of 
species, plant and animal Davies and 
Haynes (J. Cell. Sci, 21, 315; 1976) 
now report that nucleoli are attached 
to the nuclear envelope by a monolayer 
of these superunits. We have suggested 


o 


that the superunit thread Ís formed 
from some type of helical arrangement 
of a subunit thread—‘‘close-packed 
beads-on-a-string”. This would account 
for the earlier observation that the unit 
appears tubular. Finch and Klug com- 
ment that their solenoidal model being 
of similar geometry can be equated 
with superunit threads found within 
nuclei. 

Much clearly remains to be learned 
about the detailed molecular structure 
of these proposed helically arranged 
repeating units, how they are further 
folded up in mitotic chromosomes and 
how they unfold in those parts of inter- 
phase nuclei where RNA transcription 
occurs Also the way the DNA mole- 
cule is folded around the repeating unit 
is not clear, but results. on sections 
suggest the repeating unit is asym- 
metric with more DNA on an inward 
pointing face™The spiralling of mitotic 
chromosomes and the helical nature of 
the DNA molecule have long been 
known and the above results will come 
as no surprise, to those who believed 
that there were orders of «coiling in 
between. The point is that speculation 
is now being replaced by fact O 


A hundred years ago 


In the Bulletin International of August 
3, M. de Tastes relates some interesting 
particulars of a waterspout' (trombe) 
which was observed near Tours, on 
May 25 1876. It first appeared as a 
mass of whitish vapour against a back- 


ground of dark-coloyred clouds, which 
gradually assumed the form of an in- 
verted cone pointing to the ground, and 
terminating in a long sinuous band A 
whitish sinuous column soon appeared 
suddenly between it and the ground, 


and rapidly enlarged upwards, the 
whole phenomenon soon assuming the 
appearance of two cones unitéd at their 
summits. The lower cone, at first 
lightish-coloured and in a certain 
degree transparent, gradually assumed 
a darker shade, which was propagated 
from the base towards the summit. 


from Nature, 14, August 10, 320, 321; 
1876. 
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Anaesthetic mechanisms 


from C. D. Richards 


ANAESTHETICS affect every variety of 
living system, from microorganisms to 
mammals; they are very nonspecific 
drugs which depress a whole battery of 
cell functions including cell motility, 
cell division, photosynthesis, oxidative 
metabolism and electrical excitability. 
Their mode of action poses one of the 
fundamental problems in biology. Their 
clinical value rests solely .on their 
ability (at low concentrations) to im- 
pair certain higher nervous functions 
such as consciousness and memory 
without disrupting the function of the 
heart and respiratory system. 

Four key observations suggest that 
anaesthesia is the result of some phy- 
sical interaction of the anaesthetic with 
certain constituents of the cell rather 
than a specific chemical reaction. First, 
the effects of anaesthetics are freely and 
rapidly reversible; second, the potency 
of an anaesthetic is directly related to 
its lipid solubility; third, anaesthetic 
properties are shown by a wide variety 
of chemically unrelated substances; and 
fourth, the effects of anaesthetics can 
be reversed by high pressures. 

The critical volume hypothesis first 
discussed by Mullins more than 20 
years ago (Chem. Rev., 54, 289, 1954) 
seems to be the most successful of the 
various hypotheses proposed to explain 
the action of anaesthetics. In its 
simplest form it proposes that anaes- 
thesia (narcosis) occurs whenever a 
critical fraction of anaesthetic has been 
achieved in the membranes of the cell; 
this critical volume is held to be de- 
pendent on the species under study but 
independent of the nature of the 
anaesthetic. 

In its original form the critical 
volume hypothesis added little to the 
well established Meyer—Overton con- 
cept of a role for lipid solubility in the 
mechanism of anaesthetic action, but 
recent investigations of the reversal of 
anaesthesia by pressure by Miller er al. 
(Nature, 231, 368; 1971; Molec. 
Pharmac., 9, 131; 1973) have led to a 
more satisfying model. They propose 
that anaesthetic dissolves in some 
hydrophobic region of the cell—pre- 
sumably lipid—causing that region to 
expand, thereby impairing some vital 
function From the amount of pressure 
required to reverse the effects of 
various doses of anaesthetic they cal- 
culated that during general anaesthesia 
the hydrophobic region should expand 
by about 0.4% (v/v). This prediction 
has subsequently been verified by See- 
man and Roth (Biochim. biophys. Acta, 


255, 171; 1972) for erythrocyte mem- 
branes. 

This still leaves four important ques- 
tions. How is the membrane expansion 
brought about? How does the mem- 
brane expansion lead to impaired mem- 
brane function? Which of the many 
functions of the membrane are im- 
paired by anaesthetics? Does anaes- 
thesia result from. the impairment of 
one or several specific functions? 


Membrane effects 
Metcalfe et al (Mol Pharmac, 4, 
87; 1968) found that benzyl alcohol 
which can act as an anaesthetic in- 
creased the fluidity of biological mem- 
branes This observation was later ex- 
tended by Trudell et al. (Biochim. 
biophys. Acta, 291, 328; 1973) to in- 
clude clinically important anaesthetics, 
such as halothane. Jt was subsequently 
proposed that anaesthetics cause mem- 
brane expansion by increasing the dis- 
order of the fatty acid chains of the 
phospholipids of the membrane bilayer. 
During general anaesthesia, anaesthetics 
occupy only 0.2% (v/v) of the mem- 
brane whereas membrane expansion is 
of the order of 0.4% Seeman has shown, 
however, that ‘artificial phospholipid 
bilayers only expand by 02% and so he 
proposed that changes in the conforma- 
tion of the membrane proteins are the 
cause of the large expansion of natural 
membranes (Experientia, 30, 759; 
1974).. Furthermore, in a recent 
paper Boggs et al (Molec. Pharmac., 
12, 127; 1976) have shown that con- 
centrations of anaesthetic sufficient to 
cause general anaesthesia or which 
block the conduction of impulses along 
a nerve (“local anaesthesia”) have little 
or no effect on the fluidity of artificial 
membranes Although such observa- 
tions cast doubt on the view that 
anaesthetics impair membrane function 
through a generalised perturbation of 
the structure of the lipid membrane 
they are consistent with the view that 
the interface between lipid and protein 
may be the site of anaesthetic action. 
There is now evidence to suggest that 
at least some membrane-bound proteins 
require the presence of a layer of 
tightly bound lipid to stabilise them in 
their active form. This has been shown 
for cytochrome oxidase (Jost ef al., 
Proc. natn. Acad. Sci. U S A., 70, 480; 
1973) and for the calcium transport 
protein of the sarcoplasmic reticulum 
(Warren et al, Nature, 255, 684; 1975). 
By studying the effects of temperature 


“squid 
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on the calcium transport protein re- 
constituted in defined lipid mixtures, 
Warren et al (Biochemistry, 13, 5501; 
1974) showed that the enzymatic 
activity of the complex decreased as 
the lipid became more crystalline This 
suggests that the activity of this protein 
is governed by the fluidity of the lipid 
in which ıt is embedded In the light 
of this data, Lee (page 545, this issue of 
Nature) has proposed that the sodium 
channel in nerve membranes may be 
surrounded by a ring of rigid lipid mole- 
cules that serves to keep it open. He 
suggests that anaesthetics block nerve 
impulse conduction by fluidising this 
boundary lipid so causing the sodium 
channel to collapse inwards. One conse- 
quence of the model is that a nerve 
blocked by an anaesthetic should have 
its conduction restored when the tem- 
perature is lowered, and this has indeed 
been shown for the action of ethanol on 
axon (Spyropoulos, J. gen. 
Physiol., 40, 849; 1957). 


Specific interactions 

It is not difficult to: envisage other 
membrane proteins such as receptors 
being similarly surrounded by boundary 
lipid which serves to keep the protein 
poised in an optimal conformation. The 
fact that some anaesthetics affect one 
function rather than another could 
then be explained by relatively specific 
interactions either with the boundary 
lipid or with the individual protein. 
Certain volatile anaesthetics have been 
shown to inhibit the bacterial enzyme 
luciferase apparently by competing for 
the substrate binding site (White, in 
Molecular Mechanisms in General 
Anaesthesia, Ch 13, Churchill-Living- 
stone, London, 1974; Middleton and 
Smith, Proc. R Soc. Lond., B193, 173; 
1976) 

Moreover, specific interactions of 
this sort could account for the antagon- 
ism of the depressant effects of the 
steroid anaesthetic alphaxalone by the 
non-anaesthetic steroid A16 alphaxa- 
lone observed in isolated preparations 
of mammalian brain tissue (Richards 
and Hesketh, Nature, 256, 179; 1975). 
Nonetheless, such ideas must remain 
speculative until it becomes possible to 
isolate receptors and reconstitute them 
in artificial membranes of defined com- 
position With the recent developments 
in understanding the role of lipid- 
protein interactions in membrane bio- 
chemistry, the next period of anaes- 
thetic research’ should be an exciting 


one. o 
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New giant Soviet radiotelescope 


from Boris Beéhtzk y 


i 


THE RATAN-600 radiotelescope, under 
construction at Zelenchuk in the North 
Caucasus since 1968, is now completed 
and fully operational. RATAN-600. is 
an acronym derived from the Russian 
for “radio-astronomical telescope of the 
Academy of Sciences” and a figure ap- 
proximating the 576-m diameter of the 
telescope. Zelenchuk is also the home 
of the world’s biggest optical telescope, 
the fully-operational 240-inch BTA re- 
flector. Together with a large neutrino 
detector, 
this unique array ‘of instruments comes 
‘under the general umbrella of the 
Special Astrophysics Observatory 
founded there by the Soviet Academy. 

Unlike Britain’s Mark’I instrument 
at Jodrell Bank or the slightly bigger 
West German instrument in the Effles- 
berg mountains, RATAN is not a 
‘steerable’ dish,- but embodies the 
variable profile concept. 

Despite its size—its geometric area 
equals 10,000 square metres—the new 
radio telescope has been designed to 
operate in the short-wave spectrum 
down to 8mm (Cornell' University’s 
Arecibo’ instrument,: by way of com- 
parison, ‘stops short at 10cm). As for 
RATAN’s upper limit, this was selected 
to take in both the 18-cm hydroxyl 
wavelength and the 2i-cm_ neutral 
hydrogen wavelength. 

It is at the less well explored, shorter 
end of this spectrum, however, ‘that the 
designers ‘(a Pulkovo team under Dr 
Y. N. Pariisky and Dr N. L Kaidanov- 
sky, with support from Moscow 
University) expect it.to yield. the most 
valuable results, and RATAN’s record 
sensitivity and resolving power are, 
accordingly, in that ‘region. Its aerial 
comprises a circular reflector, a flat re- 
flector, and several feeds. The circular 
reflector is a variable profile aerial con- 
sisting of 895 cells mounted on a 


circular foundation and capable of tilt- 
\ 


under ‘construction nearby, 


ing, rotating ‘and moving radially. The 
flat reflector; mounted in the southern 
part of the circle, consists, of 124 cells 
that can only be tilted. 

‘The principal mode of operation re- 
quires pointing the telescope’s axis at 
a source and observing its- passage 
through the aerial pattern Observa- 
‘tions of sources near the horizon in- 
volve approximately a quarter of all the 
reflecting cells and can be conducted 
according to four independent pro- 
grammes simultaneously: At angles of 
30 to 80° about a:third of the cells are 
operational and three independent pro- 
grammes can be pursued ' simul- 
taneously. Finally, zenithal observations 
involve the entire circular reflector, 
and the telescope has a pencil-beam 
pattern equivalent to thatof a con- 
tinuous-surface ‘reflector 576m in dia- 
meter.” ae 

Each cell is fitted ~with pickups, 
which control all its movements. and 
adjust ıt to the exact position required. 
Feed movement takes place along 12 
radial tracks spaced azimuthally at 30° 
intervals. A: turntable in the centre of 
the circular reflector serves to shunt 
a feed from one radial track to another 
Apart from the variable profile mode, 
the: flat reflector makes.it possible to 
use the telescope as a parabolic cylin- 
der according to the Kraus system In 
this case the telescope has a constant 
knife-edge.pattern, and the.time needed 
for sky surveys is substantially reduced. 
By combining the circular and: flat re- 
flectors in the southern sector it is 


‘possible to use the ‘telescope in certain 


other’ operational modes, such as track- 
ing a source. This mode of operation 
is, of course, a particular asset where- 
ever maximum sensitivity is required. 
‘RATAN was begun in 1968, and the 
first part of the project—the northern 
sector of ‘the circular reflector—became 
operational: in 1974. Some significant 


astrophysical results were obtained 
during the running-in period These in- 
cluded‘ the discovery of a solar “radio 
granulation’—a fine structure of the 
Sun’s radio emission in the centimetre 
range, which appears to coincide with 
its chromospheric net. The radio astro- 
nomérs at Zelenchuk have been able to 
observe the radio emission of the solar 
corona at large angular distances from 
the Sun and to observe quasars through 
the corona. : 
Simultaneous observations of. ‘radio 
sources on several frequencies have 
yielded their instantaneous spectra and 
permitted the sources to be separated 
into components. One of the most in- 
teresting findings concerning the 
structure of radio sources has been the 
discovery of: a bar linking the compo- 
nents of such well-known double 
sources as Cygnus A There have also 
been measurements of the Einstein 
effect—beam deflection in the Sun’s 
gravitational field. i , 

' Now that the telescope is fully opera- 
tional, the programme of research is 
being expanded. Inside the Solar System 
it is proposed to study physical condi- 
tions on:the surfaces of the planets, 
their satellites, and the minor planets. 
Solar studies, which command growing 
interest among Soviet astronomers, will 
include investigations .of the brightness 
distribution in the active regions of the 
Sun to determine the structure of mag- 
netic fields and condensations in the 
lower corona and the upper chromo- 
sphere, and, also the structure of the 
chromosphere and the transition zone. 

Further afield there are to be radio 
observations. of the Galaxy and of the 
Solar System. neighbourhood, of the 
Galactic nucleus, of the fine structure 
and kinematics. of gaseous and plane- 
tary nebulae, and of pulsars and the 
nearest stars. - 

. Extragalactic studies, which in 
Pariisky’s view are the most interesting 
application for RATAN, will be con- 
ducted mainly in the decimetre range. 
Naturally, there is particular interest 
in studying quasars and radio galaxies 
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with anomalously intense radio emis- 
sions in the hope of learning ‘more 
about the nature of these objects and 
the sources of their energy. There are 
also to be studies of the fine structure 
of many radio galaxies, with particular 
reference to their brightness distribu- 
tion spectrum and magnetic field 
structure. According to Dr Lev Gin- 
dilis, who has been concerned with 
planning the RATAN sky surveying 
activities, these are to be conducted on 
a systematic basis and at the highest 
frequencies possible. This is prompted 
by the paucity of information in this 
range and the hope of observing 
quasars at the initial stage of their 
evolution. Gindilis considers RATAN 
to be an optimal instrument for surveys 
in the entire range from 4mm to 
20 cm, in which there is a minimum of 
natural interference for observing cos- 
mic sources. RATAN sky surveying 
work will also take in account the 
wishes of radio astronomers interested 
in the problem of communication with 
extraterrestrial intelligence (CETI). 
Ultimately the RATAN control com- 
plex is to be linked to the main radio- 
astronomical centres of the Soviet 
Union, with the result that the potential 
of this giant instrument will be used 
more effectively. RATAN-600 is also 
seen by Soviet radio telescope designers 
as a stepping stone towards far more 
powerful facilities. oO 


Aspects of plasmid 
behaviour 


from J. R. Saunders 


A NATO Advanced Study Institute 
on the Biology of Bacterial Plasmids 
was held at Kavouri, Nr Athens 
from July 5-16, 1976. 


INTEREST in the biology of bacterial 
plasmids has been stimulated both by 
their use as cloning vehicles for genetic 
engineering and by the increasing 
knowledge that a multitude of impor- 
tant bacterial properties are plasmid 
specified. ‘The role of R plasmids in 
mediating antibiotic resistance in 
clinically important bacteria is well 
known. Bacterial pathogenicity for 
plants can, however, also be encoded 
by plasmids. N. Van Larebeke (Uni- 
versity of Ghent) showed that the 
ability of Agrobacterium tumifaciens 
to cause “crown gall’? tumours in 
wounded plant tissues is determined 
by tumour-inducing (Ti) plasmids 
Furthermore tumorigenic ability can 
be transmitted to other Agrobacteria 
either by transformation or by con- 
jugation mediated by the R plasmid 
RP4. M. Holsters from the same group 
demonstrated that Ti plasmids allow 


host bacteria to synthesise and utilise 
either nopaline or octopine. It is ın- 
teresting that tumours produced by A. 
tumifaciens contain, (depending on the 
strain) either of these unusual amino 
acids, suggesting that certain plasmid 
genes may be expressed in tumour cells. 

P. Williams (University of Wales, 
Bangor) hailed the ‘degradative’ plas- 
mids of Pseudomonas, unlike most 


‘plasmids, as being totally beneficial to 


the biosphere as a whole. The ability 


of some Pseudomonas species to de- 


grade and utilise many natural and 


‘synthetic organic substrates is due in 
“part to the existence of plasmids de- 


termining the enzymes of specific 
catabolic pathways The manipulation 
of these plasmids could therefore be 
used to construct bacterial strains 
capable of ‘mopping-up’ oil spillages 
and industrial wastes. 

The translocation of resistance genes 
continues to generate interest. S N. 
Cohen (Stanford University) stated 
that Transposon A (TnA) encoding 
resistance to ampicillin comprises part 
of the larger transposon TnS which 
specifies resistance to ampicillin, strep- 
tomycin and sulphonamides and that 
TnA may provide the driving force 
for the translocation of the larger unit. 
Evidence for interactions between 
transposons was also presented by M. 
H. Richmond (University of Bristol) 
He reported that the presence of TnA 
on a plasmid reduces the frequency 
of transposition of a second copy of 
TnA to it by a factor of 10,000 in re- 
combination-deficient (rec-) cells. On 
the other hand, in rec* cells the pres- 
ence of a resident copy of TnA merely 
reduces the frequency of accretion of a 
second copy by 90%. In the latter case 
however the incoming copy of TnA 
apparently replaces the resident TnA 
probably by reciprocal recombination 
rather than transposition The results 
therefore suggest that one transposon in 
some way interferes with the rec- 
independent translocation of like 
elements. The as yet unpublished work 
of several laboratories on the genetic 
structure and nature of proteins re- 
quired for transposition may help to 
elucidate these phenomena. 

J. Davies (University of Wisconsin) 
and R. Hermann (University of 
Heidelberg) advocated the use of A and 
fd phages respectively as host mole- 
cules for studying transposons. Phages 
possess the distinct advantage in that 
generally their genetical and physical 
properties, for example the location 
of promoters and partial known base 
sequences, are better characterised 
than those of plasmids. The ability to 
synthesise antibiotic-modifying enzymes 
in vitro, described by G. Hogenauer 
(Sandoz, Vienna) should also help our 
understanding of the structure and 
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operation of resistance genes, 

A major problem in genetic en- 
gineering is the expression of euka- 
ryotic genes in prokaryotes (see News 
and Views, 262, 256, 1976). D. H 
Gelfand (University of California, San 
Francisco) described the construction 
of plasmids carrying inserted Xenopus 
laevis 28S rDNA “downstream” of 
the operator—promoter region and part 
of the -galactosidase gene of the 


‘lactose operon. Induction of the lac 


operon in cells carrying such plasmids 
causes increased production of. RNA 
complementary to rDNA Further- 
more, some derivatives with inserted 
genes produce #-galactosidase with re- 
duced enzymic activity but increased 
molecular weight The production of 
polypeptides fused to this enzyme sug- 
gests that it may be possible to ‘trans- 
late’ some foreign genes in bacteria. 
Potential vectors for natural spread 
of genes between bacterial genera are 
plasmids of the P incompatibility 
group (Datta et al., J. Bact , 108, 1244; 
1971). P group plasmids are character- 
ised by an extraordinary ability to 
transfer themselves to a wide range of 
Gram negative bacteria. They are thus 
attractive research tools for studying 
intergeneric gene transfer (see, for ex- 
ample, News and Views, 260, 191; 1976) 
and for the promotion of chromosomal 
gene transfer in species which lack their 
own sex factors. They could in addition 
contribute to the spread of resistance 
genes by crossing species barriers and 
depositing transposons in new hosts V. 
Stanisich (University of Bristol) has 
also found that genes Sf plasmids nor- 
mally restricted to Pseudomonas 
aeruginosa can be transferred to and 
expresed in E., coli by a technique 
essentially involving the formation of 
genetic hybrids with P group plasmids. 
What then confers on these plas- 
mids their unusual capacity for inter- 
generic transfer? One possibility is that 
their conjugation mechanism and 
specificity of attachment of P group 
sex, pili ıs unaffected by the nature of 
recipient cells D. R. Helinski (Uni- 
versity of California, San Diego) 
pointed out that P group plasmids not 
only exhibit a paucity of cut sites for 
many restriction endonucleases, but 
also that their replication machinery 
may be more complex and hence less 
dependent on host chromosome func- 
tion than other plasmids. This could 


‘endow them both with some immunity 


against the battery of. restriction en- 
zymes likely to be encountered in 
intergeneric transfer and with the 
ability to replicate in a wide range of 
cellular environments. Accordingly the 
ability of P group plasmids to cross 
interspecies barriers in bacteria could 
well make them mediators of ‘natural’ 


genetic engineering. B 
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Iliopoulos wins his bet 





from F. E. Close . 


The 18th International Conference 


on High Energy Physics was held in 
Tbilisi, USSR on July 15-21, 1976 





Ir was the moment of truth for J. 
lliopoulos. In his talk at the 17th Inter- 
national Conference on High Energy 
Physics held in London ın 1974 (Nature, 
250, 186, 1974) he had declared “I am 
prepared to bet a whole case of wine 
that the next conference in this series 
will be dominated by the discovery of 
charmed particles’. Anyone who 
accepted the wager should now be pre- 
paring shipment because the 18th 
International Conference, which has 
just taken place ın Tbilisi, USSR, was 
indeed dominated by that very dis- 
covery—the latest in a series of 
dramatic developments that have 
revolutionised particle physics in the 
past two years. 

Readers will recall the dramatic 
breakthrough that occurred ın Novem- 
ber 1974 when workers at Stanford 
Linear Accelerator Center, California, 
and at Brookhayen National Laboratory 
in New York independently and simul- 
taneously announced the discovery of 
a heavy metastable meson (called J or 
Y) (see Nature, 252, 438, and 254, 387; 
-1975) In the detade preceding this dis- 
covery all known mesons and baryons 
that were discovered had fitted in 
nicely with the idea of Gell-Man and 
Zweig (Phys. Lett., 8, 118; 1964) that 
there should exist quarks coming in 
three types or “flavours” distinguished 
by quantum numbers such as isospin 
or strangeness and that the mesons 
and baryons were bound states of these 
quarks The high mass and remarkable 
stability of the J/ suggested that this 
meson might be a bound state of a 
fourth flavour of quark (“charmed 
quark”) and its antiquark In the jar- 
gon this state had “hidden charm” and 
theoreticians expected that there should 
be a spectroscopy of similar states 
which has become known as the 
“charmonium spectroscopy” by analogy 
with the spectroscopy of positronium 
Several heavy metastable states have 
been discovered since November 1974 
and the latest information on their 
properties was discussed at Tbilisi The 
spectrum that is emerging is ın excel- 
lent agreement with that expected for 
charmonium though the precise values 
of the masses are in some cases not 
quite what had been theoretically 
predicted. 

e 


The idea that there might be a 
charmed quark had been suggested by 
many people as long ago as 1964. 
Theoretical interest in this idea took 
on new significance when Glashow, 
Iliopoulos and Maiani noticed (Phys. 
Rev , D2, 1285; 1970) that a charmed 
quark could provide a mechanism (the 
GIM mechanism) for overcoming a 
stumbling block that had arisen in 
attempts to unify theoretically weak 
and electromagnetic interactions. Their 
theory required that there should 
exist mesons made from a charmed 
quark and its antiquark and that the 
lightest of these mesons should have a 
mass around 3 GeV/c’ (about three 
times as heavy as the proton). The J/# 
and the other heavy metastable states 
certainly fit in with this idea and are 
even in the predicted mass region. 

The second consequence of their 
theory is that there should exist mesons 
made from a charmed quark and one 
of the old faithful uncharmed quarks. 
After the discovery of the J/# it was 
predicted that the lightest of these 
states (“charmed mesons”) should exist 
with a mass of about 2 GeV/c’. 
Furthermore it was predicted that 
strange particles (such as the K meson) 
should be an important feature of the 
decay products of these charmed meson 
states. 

In May of this year came a strong 
suggestion that such a state had been 
found ın a study of the debris produced 
in the annihilation of electrons with 
their antimatter (positrons) at SPEAR 
in Stanford, California. An electrically 
neutral metastable particle was observed 
with a mass of 1.86 GeV/c’? (compare 
the predicted 2 GeV/c’! ) decaying into 
K and r and sometimes into K and 
three pions. A study of the energy and 
momentum balance suggested that in 
the electron—positron annihilation a 
state with mass of 2.02 GeV/c’? was 
being produced in conjunction with the 
1 86 GeV/c’ state, although the decay 
modes of this second particle have not 


‘yet been isolated. These two states were 


reported on at Tbilisi and the popular 
feeling was that they are charmed 
mesons where the quark and antiquark, 
from which .they are composed, have 
coupled their spins to give a total 
angular momentum of 0 or 1 respec- 
tively (like m and p mesons). The ob- 
servations of the strange meson, K, in 
the decay products is as anticipated for 
a charmed meson. 

Only two weeks before the con- 
ference physicists at SPEAR working in 
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collaboration with colleagues from the 
Lawrence Radiation Laboratory at the 
University of California, Berkeley, 
discovered the electrically charged 
partners of these mesons. The masses 
of these states are identical to or per- 
haps marginally heavier than their 
neutral counterparts. The charged state 
at 1.86 GeV/c? was seen decaying into 
a K and two pions. The important dis- 
covery, which is crucial to the charm 
interpretation, is that the positively 
charmed meson (D*) is predicted to 
decay to K and two pions with elec- 
trical charges distributed as in 


Dt 
but should not decay by the mode 
Dt +” Kirtan 


This is precisely what is observed in 
the data presented at Tbilisi. 

Other phenomena that are probably 
due to charmed particle production 
were reported from several laboratories 
around the word. Of most immediate 
zomparison with the SPEAR results 
are the experiments involving electron- 
positron annihilation at the Hamburg 
facility (DORIS) B. Wiik (Hamburg) 
reported that when electrons and posi- 
trons annihilate at DORIS with a total 
energy of just over 4 GeV (the same 
energy region in which SPEAR saw 
the simultaneous production of the 
1:86 and 2.02 GeV/c’ mesons) an elec- 
tron was observed in the debris more 
frequently than expected from pre- 
viously known sources It was reported 
last year (see News and Views, 257, 
535; 1975) that anomalous production 
of electrons and muons were seen in 
this energy range by Perl’s group at 
SPEAR where it was argued that these 
were the decay products of a heavy lep- 
ton. Several features of the DORIS re- 
sults suggest that at Hamburg, on the 
contrary, one is seeing electrons pro- 
duced in the decays of charmed mesons 
(probably the same mesons that were 
seen decaying into K and pions at 
SPEAR). Furthermore, in two indepen- 
dent experiments at DORIS, it has been 
found that these electrons tend to be 
produced in conjunction with K mesons. 
The nature of these events is there- 
fore consistent with pair production of 
charmed mesons (D,D*) followed by 
their ‘“‘semileptonic” decay 


ete’ >D(1.86) + D*(2.02) 
1,e+K-+ pions+ neutrino 


— Kootat* 


the ubiquitous K meson is as expected 
in charm theories. : 

While it seems fairly certain that 
these leptons are coming from the weak 
decay of long lived particles, the pre- 
cise relation of this signal with the 
anomalous lepton signal observed by 
Perl’s group at SPEAR is unclear and 
generated much discussion. While the 
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majority opinion still appeared to be 
that the Perl group’s leptons are 
coming from a heavy lepton source 
several people were unhappy with this 
interpretation. $ 

Now that the first charmed particles 
have apparently been found, the status 
of the heavy lepton has taken on a 
particularly pivotal position in the 
theoretical development of high energy 
physics as was emphasised in the talk 
given by A. de Rujula (Harvard Uni- 
versity). As noted above, the priorities 
of the charmed mesons appear to be 
in line with those expected by Gashow, 
Iiopoulos and Maiani if charm is the 
way to overcome the stumbling block 
in the weak and electromagnetic uni- 
fied theories. The discovery of charm 
with, apparently, these very properties 
lends indirect support to these theories. 
Other tests of these ideas were pre- 
sented at Tbilisi. What seems astonish- 
ing is the amount of evidence that has 
accumulated in the last two years in- 
creasingly suggesting that the GIM 
mechanism allied with the original uni- 
fication idea of Weinberg (Phys. Rey 
Lett, 19, 1264; 1967) and Salam (in 
Elementary particle physics, edit. by 
Svartholm, N , 367, Stockholm, 1968) 
could be, if not the whole story, at 
least a first qualitative approximation 
to the correct theory. Almost all of the 
data on weak interactions reported at 
the conference agree with 
Weinberg-Salam theory with four 
flavours of quark. There was some dis- 
cussion as to whether a fifth and sixth 
flavour of quark may be necessary to 
describe data (on the theoretical front, 
confirmation of Perl’s heavy lepton 
would lead people to prefer six flavours 
of quark—hence its “‘pivotal position”) 
There does not yet appear to be any 
widely accepted need for extra com- 
plexity however. 

The weak neutral currents (where 
neutrinos scatter from a target without 
any transfer of electrical charge taking 
place), reported on in London ın 1974 
have been studied in detail. Several 
groups reported evidence that parity 
is violated in these interactions, more- 
over the nature of this violation appears 
to be in accord with the Weinberg- 
Salam theory. Beautiful evidence for 
parity violation in atomic physics was 
also reported, again in line with the 
Weinberg-Salam theory. 

The consensus of opinion was that it 
is rapidly becoming accepted that weak 
and electromagnetic interactions are 
indeed probably unified and that the 
“gauge field theories” are underlying 
not only weak-electromagnetic but 
perhaps also strong interactions (the 
new jargon here being quantum 
chromodynamics, or QCD, analogous 
to quantum electrodynamics). One 
consequence of such theories is that the 
scaling phenomenon seen previously 


the: 


in deep inelastic scattering of leptons 
on hadron targets should be violated 
in a systematic way at the very high 
energy experiments now taking place 
at the Fermi National Accelerator 
Laboratory near Chicago. Experimental 
data were presented by T. Quirk (Uni- 
versity of Oxford) which showed. a 
pattern of scaling violation consistent 
with the predictions of such theories. 

One possibility raised by QCD 
theories is that quark confinement in- 
side hadrons may be a natural con- 
sequence There was discussion among 
theorists of this possibility but as yet 
no clear idea has emerged. Some 
thoughts on how to proceed were 
presented by K. Wilson (Cornell Uni- 
versity), and’ one contribution that 
excited much interest was that of A. 
Migdal of the Soviet Union who 
reported his calculations of meson 
spectroscopy in QCD with some pheno- 
menological success 
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When in the future we look back on 
the two years leading up to this con- 
ference, they will surely be seen to 
rank with the most significant periods 
of advance in our understanding of 
subatomic behaviour. A very clear 
direction for investigation has emerged. 
With SPEAR having already been per- 
haps the most productive machine in 
particle physics history, and DORIS 
still ‘in its infancy, these electron— 
positron annihilation machines promise 
yet more to come. There was also ex- 
citement at the great successes in 
building the new super proton synchro- 
tron at CERN which promises to be 
ready for experimental research within 
a few months. East and West at Tbilisi 
were united in their belief that the next 
few years ın high energy physics may 
reveal further significant advances that 
will rank alongside those just made in 
the past few weeks. I think Iliopoulos 
would not bet against that. o 


Britain in European space 


from David W. Hughes 


A one day meeting to discuss the 
future scientific projects to be 
undertaken by.-the European Space 
Agency was held at the Royal 


Society, London on July 23, 1976 
under the sponsorship of the Science 
Research Council. r 





DurınG the current year ESA will 
spend £270 million, £200 million of 
which goes on the space applications 
programme (which includes Spacelab, 
communications satellites and the deve- 
lopment of Ariane, a three-stage rocket 
which will make Europe independent 
of American launch facilities) and £26 


‘million on the science programme. 


Great Britain contributes about one 
sixth of this (£6.5 m). The science pro- 
gramme budget is mainly spent on 
scientific satellites, a typical satellite 
being funded for five years, the expen- 
diture maximising between the second 
and third year and totalling in all about 
£20 million (on average one satellite is 
launched each year). At present COS- 
B, GEOS, TUE, ISEE-B and EXOSAT 
are in orbit or about to be launched. 
COS-B was launched in August, 1975 
and is measuring high energy gamma 
rays. 1977 is the planned launch year 
for GEOS which will study particle 
fluxes and ‘electric and magnetic fields 
in the outer magnetosphere, IUE, 
which is an ultraviolet observatory in 
a geosynchronous orbit (so the satellite 
is always above the same place as 
Earth), and ISEE-B which will look at 


wave-—particle interactions in conjunc- 
tion with the NASA satellite ISEE-A. 
It is planned to launch EXOSAT in 
1980 to study X-ray sources using lunar 
occultation techniques These satellites 
account for a'considerable amount of 
the projected budget but obviously the 
amount of uncommitted funds will in- 
crease as each satellite comes to frui- 
tion, so that in 1978 and beyond there 
is a considerable amount of money to 
spend, : 

Scientific projects in.ESA go through 
a series of stages. First comes the mis- 
sion definition study in which a group 
of scientists and space technologists 
discuss the feasibility of the project in 
general terms. Then follows a more 
detailed and searching Phase A study, 
a Phase B study, construction and 
launch. Needless to say there is a 
pyramid structure to: this series, the 
twelve or so mission definition studies 
per year leading to about three phase 


‘A studies and one probable launch. 


The main purpose of the London 


‘meeting was to canvass the opinions 


of British space scientists as to what 
the next main mission should be, what 
should be flown on the second test 
launching of the Ariane rocket and 
which phase A studies should be insti- 
gated in 1976/77. With these opinions 
in mind the Science Research Council 
will then brief the British delegation 
for the October meeting of the Science 
Program Committee of ESA. The 
fact that the British voice only makes 


up 17% of the votes makes the dis- 
J 
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cussion rather academic but demo- 
cracy being what it is a firm decision 
by Britain’s 17% could sway the day. 
Four major missions were discussed, 
the Space Telescope clearly. winning 
the day and being regarded as an in- 
strument of outstanding and para- 
mount importance. It is hoped that the 
telescope will appear in NASA’s 1978 
budget although it has already slipped 
considerably in time and in size, the 
main mirror now being 2.4m in aper- 
ture. From its 500-600km high orbit 
it will be able to detect objects 100 
times fainter that those detectable from 
the Earth’s surface (it will be able to 
pick up 29th magnitude stars) and will 
have an angular resolution better than 
0.1 arc s, some 10 times better than 
attainable from the ground. Coupled 
with this diffraction-limited perform- 
ance is the fact that being free from 
atmospheric absorption it will have a 
spectral range of 912 A to 1 mm. With- 
in our Galaxy it will study the early 
and late stages of stellar evolution, the 
position and proper motion of stars, 
the dust distribution and hydrogen con- 
centration and also our Solar System. 
Extragalactic work will include inves- 
tigations of the structure, scale and 
evolution of the Universe, the structure 
and content of galaxies and also 
quasars. It is obviously a project that 
no astronomical nation wants to be left 
out of. NASA ʻand the US Congress 
look to ESA to contribute more than 
10% of the cost in return for an equal 
percentage of the observing time and 
an involvement in directing the project. 
This 10% of thg cost would be spent 
in Europe, designing, developing and 
constructing some of the instrumenta- 
tion and the technology (for, example 
the faint object camera and the solar 
arrays). This cooperation would of 
course mop up a considerable amount 
of ESA’s science budget for a few years 
and, while recognising the great im- 
portance of the project, some of the 
scientists present at the meeting 
pointed out that science per se would 
not suffer if we did not participate, the 
Americans probably going on by them- 
selves, whereas spending the money on 
specifically European ideas might open 
up new horizons in different fields. 
The second mission considered was 
again a cooperation wth NASA and 
involved two spacecraft launched 
simultaneously towards Jupiter from a 
space shuttle, and then guided in such 
a way that one would be deflected by 
Jupiter towards the north pole of the 
Sun, the other passing over the south 
pole. ESA would supply one spacecraft 
and NASA would use a Pioneer type 
spacecraft for the other. This “out of 
ecliptic” mission would provide a new 
insight into interplanetary and solar 
physics and the science of the Jovian 
magnetosphere, mainly by taking the 
e 





from our Insect Physiology Correspondent 


Ir was shown by J. S. Edwards many 
years ago that the secretion from the 
cornicles of aphıds consists of oily drop- 
lets, now known to be a mixture of 
triglycerides, in aqueous suspension. On 
release in contact with a solid surface 
this secretion quickly crystallises to 
form a hard waxy plaque. It thus pro- 
vides a mechanical protection against 
small predators and parasites. 

In recent years the cornicles have 
been found to: liberate also alarm 
pheromones, which are secreted in res- 
ponse to predators and parasites. 
Bowers et al. (Science, 177, 1121; 
1972), isolated and identified trans-B- 
farnesene (TBF) as the alarm phero- 
mone in several aphid species; this 
secretion seems also to repel other 
aphids encroaching on occupied feed- 
ing sites. As with the alarm phero- 
mones of many insects, TBF is inter- 
specific: it is present in all species 
examined in the subfamily Aphidinae, 
and all of them (with the exception of 
the , turnip aphid Hisdaphis) show 
alarm activity to pure synthetic TBF. 
But other unidentified alarm phero- 
mones are present in addition to TBF 
and these different blends of phero- 
mone probably account for the dif- 
ferent responses in different aphid 
species. Thus the turnip aphid which 
fails to react to TBF, secretes this 
pheromone in its cornicle fluid, and it 
reacts to the secretions of other aphid 
species. f , 

Nault, Montgomery and Bowers 











observer away from the plane of the 
planetary orbits where the large 
majority of observations have been 
made to date. The two satellites would 
obtain a stereoscopic view of the Sun 
and help to test the fundamental sym- 
metry of the Solar System. The basic 
experiments would consist of a mag- 
netometer, a plasma probe, a solar par- 
ticle telescope, a cosmic ray telescope, 
a receiver for studying radio propaga- 
tion, a coronagraph and a XUV helio- 
graph The 85° inclination of the orbits 
to the ecliptic will enable the develop- 
ment of equatorial structures on the 
Sun to be followed continuously 
through several solar rotations. 

Three other projects are to be 
studied further. LIRTS, a 2-3 metre 
classical, uncooled Cassegrain infra- 
red telescope on Spacelab would pro- 
vide high sensitivity photometry with 
high spatial resolution enabling many 
astronomical objects to be studied 
through the measurement of atomic 
and molecular lines in the far infrared. 
EXPOS again uses Spacelab to fly a 





Aphids, ants and pheromones 


(Science, 192, 1349; 1976) have now 
studied the response to these phero- 
mones in the ants which herd certain 
aphid species. These myrmecophilous 
aphids enjoying, as they do, protection 
by their ants from predators, are much 
less responsive to the alarm phero- 
mones than non-myrmecophilous spe- 
cies. They may walk away on exposure 
to the alarm pheromone, but they do 
not drop off the feeding site. At the 
seme time, and not surprisingly, the 
ants themselves respond to aphid alarm 
pheromones In.experimental trials it 
appeared that the ants were prepared 
to stroke with their antennae any aphid 
species they were offered; but the dif- 
ferent aphid species vary widely in the 
readiness with which they excrete 
droplets of thoneydew for their ant 
keepers Some species will not respond 
at all. The Macrosiphini were caused 
to disperse by the ants’ stroking: this 
provoked a predatory response by the 
ants, and the aphids were carried off to 
the nest and presumably eaten. 

The acceptance of the attentions of 
ants replaces response to alarm phero- 
mones: the myrmecophilous aphids 
rely on their ants for protection. 
Indeed, artificial liberation of TBF 
leads to attack by the ants, not on the 
aphids but on any suspected predators 
by which they appear to be attacked. 
The threshold of response to the 
pheromone by the ant is, indeed, even 
lower than the threshold in the aphids 
themselves. 














set of instruments to study the spectra 
of cosmic X-ray sources and to detect 
polarised X-ray emission. The payload 
comprises a number of large area 
Bragg spectrometers each selected to 
study particular features in the 0.5 to 


10keV range. Spatial resolution of 
about 1 arc min and energy resolution 
of 10 to 20% at 1keV is obtained by 
using an X-ray grating with a large 
area Walter I grazing incidence mirror. 
The third project concerned magneto- 
spheric experiments fyom Spacelab and 
Grew the fascinating picture of a series 
cf tethered subsatellites around Space- 
Jab, like dogs on leads, making multi- 
point plasma measurements. All these 
projects have the advantage to the UK 
that they support research fields in 
which British scientists are very active 
and proficient. 

The afternoon session of the meet- 
ing discussed last year’s.batch of mis- 
sion studies and chose the ones that 
the British scientists would like to go 
forward for a phase A (feasibility) 
study. These projects stretched the 
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imagination much more than the 
morning’s batch as now people were 
looking towards the space research of 
the late 1980s. 

Space astrometry had’ an instant 
appeal, bringing space science and 
technology to bear on one of the fun- 
damental tasks of ‘astronomy, the 
observation of the positions of stars 
and planets as a function of time. The 
increase -in accuracy from ground- 
based observations has been very 
limited in the last half-century and no 
breakthroughs seem to be around the 
corner. Space astrometry would give 
positions to between 0.001 and 0.003 
arc s (0.04 arc s is the present best for 
ground-based work); proper motions 
(the star’s velocity perpendicular to ‘thé 
line of sight) could be measured to 
about +0.002 arc s yr™ after 3 years of 
observation, such accuracy requiring 50 
years at present; parallax (stellar dis- 
tance) of stars of 11th magnitude, ‘as 
‘opposed to 7.5 magnitude at present 
could be measured to + 0.001—0.004 
arcs (in contrast to + 0.013 arcs from 
the ground). This increased accuracy 
has enormous astrophysical significance 
—improving the definition of the cos- 
mic distance scale, calibrating Cepheid 
variables, increasing the accuracy ‘of 
stellar luminosity and cluster age esti- 
mations being only a few examples to 
which it might be applied. 

The Solar Probe also caused much 
discussion. 
assist this can get to within 10 solar 
radii of the Sun’s surface. The mission 
definition scientists decided that the 


problems of thermal control and tele- 


metry coverage within the corona 
could be overcome. Scientific objectives 
are the measurement of the solar 
gravitational field (J), the testing of 
Einstein’s theory of general relativity 
and the measurement of- the rate of 
change of Newton’s constant of gravi- 
tation. Also a whole series of experi- 
ments dealing with particles and fields 
in the expanding corona would be 
flown. -A Climatology « satellite, to 
obtain measurements of the Earth’s 
radiation budget and especially a‘ value 
of the solar constant to +01% (as 
opposed to +1.5% at present) was 
widely welcomed as was.a more un- 
usual Dumb-bell Mission Here’ two 
satellites launched into a near polar 
Earth orbit are deployed so that they 
are 10 to 20km apart but tethered 
together by a long wire Measurement 
of the tension variations in the tether 
gives the gravity field anomalies in the 
Earth’s upper crust. The tether would 
also be used to measure induced 
electric fields and the two satellites 
would be used for active and passive 
magnetospheric experiments Finally, 
an ultraviolet and X-ray satellite ({0- 
1000 A) with two Baez telescopes and a 
spectrograph on board was considered. 


Using a Jupiter gravity ` 


A year’s observation with this satellite 
would provide a Sarc min resolution 
map of the whole sky plus detailed 
spectra of new sources. 

Although one could not help getting 
the feeling that Britain was a small fish 
in the ESA ‘pool (whichis itself small 
in comparison to: NASA and the 
USSR’s Space Agency) whenever 
brains combine, new ideas ‘are forth- 
coming and Britain and Europe can 
still provide ideas even if they ¢an- 
not compete in finance and firepower. 


Phase changes 
at 650km 


from Peter J. „Smith ay, 


Ir has’ often been assumed ‘that’ ‘the 
Earth’s 650-km- seismic discontinuity, 
which involves a’ large increase- in 
bulk modulus as well as seismic velo- 
city, is-largely the result of a phase 
change in the olivine component of the 
mantle. Anderson (Science, 157, 1165; 
1967), for example, attributed this dis- 
continuity to the disproportionation of 
spinel to a: structure with the properties 
of mixed oxides—a phase involving the 
simple oxides, a SrePbO, structure or 
perovskite plus periclase, all of which 
have similar densities. But as Anderson 
himself now admits (Geophys. Res. 
Lett., 3, 347; 1976), there are problems 
with this interpretation which suggest 
that the discontinuity in question may 
have little to do ‘with transformations 
in olivine after all. 

For example, although the dispro- 
portionation of spinel to oxides involves 
a large increase in density, it also in- 
volves an increase in coordination, in- 
creasing the average silicon-oxygen 
separation and reducing the repulsive 
forces between ions. The increase in 
bulk modulus is therefore much re- 
duced (and may even be converted into 
a decrease) compared with that expec- 
ted from' a transformation. with no asso- 
ciated change in coordinatidn—a point 
previously made by Liebermann and 
Ringwood (J. geophys Res., 78, 6926; 
1973) In fact, the elastic moduli of 
spinels and mixed oxides are similar. 
On this basis, disproportionation as 
envisaged would be expected to pro- 
duce a decréase, rather ‘than an in- 
crease, in seismic velocity. ' 

Because this-is clearly unsatisfactory, 
Anderson now suggests that the 650-km 
discontinuity is primarily the result of 
phase changes in the pyroxene and 
garnet components of the mantle rather 
than in the olivine. The basic premise 
upon which this proposition rests (and 
detailed evidence for which is promised 
in a later ‘report) is that the bulk 
moduli of: silicate and oxide solid solu- 
tions are almost independent of iron 
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content.’ In particular, as Mg** is re- 
placed by Fe’** in- systems such as 
pyroxenes, -olivines and garnets, the 
density increases in accordance with 
the Birch formula but the bulk modulus 
increases or decreases only slightly. The 
bulk modulus cannot therefore be used 
to make deductions about: the composi- 
tion of the mantle It is, on the other 
hand, a good indicator of. crystal struc- 
ture, its magnitude’s increasing from 
pyroxene to a-olivine to &-spinel to 
garnet to y-spinel to oxides in pyroxene 
proportions to perovskite. 

With this in ‘mind, Anderson - has 
attempted ‘to’ extrapolate the’ bulk 
‘moduli (K) and densities (p) of the 
various regions of the mantle to a 
pressure of 1'bar and a'temperature of 
20°C and' has compared the resulting 
K-p points with the K-p curves for the 
appropriate crystal structures. He thus 
deduces that between depths of 200 
and 400km (Region I) the mantle is 
predominantly olivine and pyroxene 
with subordinate garnet, the pyroxene 
to garnet ratio being 7 ‘2 to satisfy the 
bulk modulus.’ Region H, between 400 
and 500 km, is close to B-spinel and is 
consistent with olivine-pyroxene-garnet 
with a higher proportion of garnet than 
Region I. Anderson concludes ‘ that 
Region II comprises olivine in thé £ 
phase, pyroxene and pyroxene-garnet 


. solid solution‘ with: garnet structure. 


-By contrast, Region III, which lies 
between 500 and 650km, is closer to 
garnet. Its most likely composition is 
(B+y)-olivine and  pyroxene—garnet 
solid solution, all the pyroxene now 
having entered the garnet structure. 
‘However, because of uncertainties in 
the data upon which the K-p curves are 
based, Region III could be entirely B- 
spinel and garnet. The properties of 
Region IV (650-800 km) are consistent 
with‘ this laver’s being either mixed 
oxides or y-spinel plus stishovite (SiOz). 
And finally, Region V, below 800 km, 
could be either mixed oxides with more 
stishovite than Region IV or perovskite 
plus MgO. ~ 

In the light of these phase changes 
Anderson thus proposes that it is the 
pyroxene-garnet component, trans- 
forming from the garnet structure to 
the mixed oxides or perovskite struc- 
ture, which is chiefly responsible for 
the 650-km discontinuity. Unfortun- 
ately the thermodynamic -data 
currently available are insuficient to 


enable the reaction ‘boundary’ be- 
tween the mantle pyroxene-garnet 
solid solution ‘and mixed oxides 


to be calculated However, calculations 
made assuming this complex garnet to 
behave as almandine-pyrope garnet 
imply that the transition is sharp 
(perhaps less than 12 km thick on the 
basis of admittedly inadequate data and 
questionable assumptions), a property 
required by some of the seismic data, 
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Small-angle scattering experiments on biological 
materials using synchrotron radiation 


J. Bordas & I. H. Munro 


Daresbury Laboratory, Daresbury, Warrington WA4 4AD, Cheshire, UK 


A. M. Glazer . 


> Wolfson Unit for the Study of Phase Transitions in Dielectrics, Cavendish Laboratory, Madingley Road, Cambridge CB3 0HE, UK 


This article describes an alternative approach to small-angle 
scattering experiments on biological specimens. The method 
makes use of the unique properties of synchrotron radiation 
and provides very fast data acquisition with good resolution. 
Preliminary experiments on rat-tail tendon are described. 





UNDERSTANDING the mechanism by which a biological sample 
responds to a perturbation is a subject of continuing interest 
and an obvious way of dealing with the problem is to study 
structural changes by X-ray diffraction. The lattice periodicity 
in biological specimens is usually larger than that commonly 
encountered in non-biological crystals and may be as great as 
1,000 A or more. A conventional X-ray tube is normally used to 
produce characteristic X-ray lines with wavelengths between 
0.6 A and 2.0 A, and so the first-order diffraction peak will be 
produced at a small angle to the direction of the incident 
X-ray beam. As @ consequence, the experimenter uses a long 
camera to achieve, reasonable separation of the diffraction 
pattern from the main beam. Because of the rapid fall-off in 
intensity with distance from the source, photographic recording 
of the intensities requires long exposure times, but, ın practice, 
a compromise between spatial resolution and exposure time 
has to be made. If focusing techniques are used, the exposure 
times can be shortened but.at the expense of complexity j in 
instrument design. Even so, the intensities are still. recorded 
over a long interval. ` 

If one could achieve more - rapid data acquisition, then ‘it 
would be possible to carry out low-angle X-ray diffraction 
studies of biological material during some temporal process, for 
instance, muscle contraction. With the technique described 
here it is possible to record the pattern rapidly and with high 
resolution using simple apparatus, thus making a dynamic 
experiment of this type feasible. To. do this, we make use of the 
unusual properties of synchrotron radiation. ' 

Synchrotron radiation has four important characteristics: 
high intensity, low beam divergence, a high degree of linear 
polarisation and, probably most important, a- smoothly 
varying white radiation profile?. 

At present, work is in progress to.study the applications of 
this rather special radiation to X-ray diffraction problems. 
Preliminary work has already been carried out in the field of 
X-ray topography?‘ and in powder diffraction J. B.. and, 
A. M. G., unpublished). |, ; 


Synchrotron radiation ped 

In the synchrotron NINA, at the Science Research Council’s 
Daresbury Laboratory, electrons are accelerated up to 5 GeV 
and emit electromagnetic radiation which’ extends as a 


continuum from the infrared to the hard X-ray region (about 
0.1 A). The radiation is 100% linearly polarised in the electron 
orbital plane. The emitted X-ray beam is well collimated, with 
the photons confined to a cone of half angle between 107° and 
10-4 rad. When NINA is operating at 5 GeV with a circulating 
current of 20 mA, approximately 10° photons s— are predicted 
at 1A within a band width of 0.1% for the apertures used in 
the experiment (J. H. Poole, private communication), This 
high flux is particularly valuable for small-angle scattering 
experiments., Focusing X-ray diffraction cameras have 
already been constructed and used with synchrotron 
radiation at DESY (Hamburg), NINA (Daresbury) and 
SPEAR (Stanford). These cameras use vertically focusing 
mirrors and curved monochromatising crystals to collect as 
many photons as possible and, at the same time, to provide 
small, high contrast diffraction spots on a position-sensitive 
detector or ona photographic plate. 

Here we present an alternative approach to the measurement 
of X-ray diffraction patterns, which we believe makes good use 
of the unique characteristics of synchrotron radiation and 
which does not require any optical components. Furthermore, 
it allows the very fast collection of data already mentioned. 


. To illustrate the method we have used rat-tail collagen because 


it combines a large fundamental lattice spacing (670 A) with 
well defined, sharp reflections. 


` 


Extending energy—dispersive techniques 
Our approach to the measurement of X-ray scattering at 
small angles is conceptually very simple and is an extension of 
the recent use of energy-dispersive techniques with white 
radiation from conventional X-ray sources® 8, 

The Bragg equation for X-ray diffraction is usually expressed 
by 


e 


2d sind = nd, : © D 


From this it. is clear that for a particular spacing, : ‘d, and a 
single X-ray wavelength, A, ‘the orders n = 1,2..., will appear 
at the angles 26 which fulfil equation (1). 

If, however, a parallel beam of white (polychromatic) 
radiation falls on an oriented sample, then for a particular 
spacing and for a selected scattering angle there will be a 
number of discrete wavelengths, /n, which will sasir equation 
(1). 

In other words, in place of a conventional X-ray sctleting 
experiment in which the sample is illuminated with mono- 
chromatic radiation and the spatial distribution of the scattered 
radiation is measured,’ one measures a photon energy spectrum 
giving all the wavelengths: diffracted at a, preselected angle. 
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Fig. 1 Schematic diagram of experimental arrangement and 
associated electronics. A Laben 512 channel multichannel 
analyser (MCA) was used over the range studied. 


We can write the energy, E, in the form ., 


12.4n a E 


12.4 D 


E (keV) A(Ã)  2dsin@ 

Thus, taking @ to be constant we have a strict proportionality 
between F and n/d. In the normal diffraction experiment, À is 
held constant and then sin@ is proportional to n/d. Thus, a 
plot of intensity against energy is similar, qualitatively at least, 
to the conventional plot against 6. There is a 1:1 spatial 
correspondence between peaks observed in the two plots for 
small 8. eo 

The precision of this method relies on the performance of 
an energy-resolving solid state detector which is commercially 
available with an energy resolution at best of about 150 eV at 
12 keV (information supplied by AERE Harwell and Ortec Ltd). 
With conventional X-ray sources this technique is handicapped 
by the complicated X-ray profile comprising white and charac- 
teristic wavelengths, as well'as the inherent lack of collimation. 
This means that the measurement of intensities is difficult and, 
furthermore, in a small-angle scattering experiment high 
collimation is vital. Most of the uses of energy-dispersive 
techniques so far have been of a relatively qualitative nature and 
confined to large scattering angles. In our experiments, a 
lithium-drifted silicon solid state detector (supplied by AERE 
Harwell) was used to give a combined resolution for the 
detector and amplifier system of about 230 eV FWHM, at 
12 keV. ‘The time constant of the overall system (25 us) could 
be reduced at the cost of decreasing the energy resolution. The 
experiments were run at maximum count rates of 1.6x 104 
c.p.s. with a collection efficiency of better than 95%. 


Experimental arrangement : 
A schematic drawing of the apparatus’ is shown in Fig. 1. 
White X radiation from circulating electrons in NINA passed 
down an evacuated pipe, 47m long, before traversing a 
0.016-inch (0.041-cm) beryllium window into air at the end of 
the pipe. A lead X-ray collimator shaped to minimise any 
scattered radiation at the detector (mainly from fluorescence 
of the collimators) was placed in air immediately after the 


i Preamplifier 
Amplifier 


Multichannel 
analyser. 
Paper tape 


beryllium window. The sample was supported on a goniometer 
head and could be rotated within the beam to provide equatorial 
and ‘meridional reflections at the detector. The collimator 
aperture was adjusted to suit the size of the specimens and 
was of diameter 1.0 mm or 0.5 mm: The specimens used were 
less than 0.25 mm in diameter and 1 mm long. 2% 

Immediately behind the sample, a 4-m-long evacuated plastic 
tube with Mylar end windows was used to eliminate any 
effects of air scatter or of absorption between the sample and 
the detector. The angular acceptance: of ethe detector was 
accurately defined by a second lead collimator placed directly 
in front of the solid state detector. The main, undiffracted beam 
was absorbed ‘in a lead beam stop:' The' scattering angle (28) 
was defined by measuring the distance between the main beam 
and the detector collimator aperture using X-ray sensitive 
paper to locate the undiffracted radiation. The entire apparatus 
was aligned simply and rapidly using a small, portable He/Ne 
laser. The beryllium windows on the beam pipe and detector 
restricted the lowest energies available to less than about 3 keV 
(~ 4A). Because of the relatively low counting efficiency of 
the detector and the source cutoff at high energies, the highest 
energies accessible were about 40 keV (~ 0.3 A). The synch- 
rotron was running at 4.6 GeV and approximately 10 mA. 

The samples of rat-tail tendon were kept wet during the 
experiment and were usually stretched, although they were 
not kept under tension. Orientation of the samples to yield 
equatorial and meridional reflections was defined by reference 
to the line joining the centre of the detector collimator aperture 
to the centre point of the undiffracted ‘beam. i 

From equation (1) 


l AE ` 
A9 = tan@(AA/X) = — tanb- (3) 


and therefore for the particular resolution AE/E of the solid 
state detector used, the correct angular acceptance A9 (that is, 
the appropriate diameter for both collimators) for a particular 
angle 0 was easily calculated. A typical detector collimator 
would be ~ 0.5 mm in diameter with a separation of aperture 
from the main beam of from 10 to 50 mm. To calibrate the 
energy at a particular channel of the multi-channel analyser eve 
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used calibrated X-ray fluorescence lines obtained from com- 
mercially available sources. The calibration energies (wave- 
lengths) were those of Cu, Mo, Ag, Rb, Ba and Tb. 


Handling the data 
In Fig. 2. we plot the raw data from the multi-channel analyser 
(MCA) display obtained from the meridional diffraction of 
wet rat-tail tendon. The detector collimator angle (20) was 
set at 3.14 mrad in order to ensure that the first-order diffraction 
peak fell within the range transmitted by the beryllium window. 
In the example shown, the prominent first-order peak was 
already well resolved after only 1s of data accumulation. A 
qualitative view of the full spectrum could be obtained within a 
few seconds but to obtain good statistics data were collected 
for 200s. In this experiment, the collimator apertures at the 
detector and at the sample were chosen to be 1.0mm and 
0.5 mm, respectively. This, combined with the sample size, 
gave a geometrical resolution comparable with that of the 
detector. The observed peak widths were twice that expected 
for the detector resolution and are almost certainly due to the 
finite size of the aperture collimators. Although the rate of data 
accumulation could be significantly increased by enlarging the 
collimator apertures (for a large sample), these experiments are 
normally limited by count-rate saturation at the detector 
output. i A 

To make quantitative estimates of the structure factor 
for each reflection, it is necessary to correct the data in Fig. 2 
for the NINA intensity profile, the efficiency of the detector 
and any other instrumental factors. The first two quantities 
are, in principle, calculable, but the uncertainty in the remain- 
ing correction factors makes ıt essential to calculate the effect 
of all of the factors taken together (the total instrument 
function). Normally, this would be done by using the detector 
to measure the intensity spectrum of the main beam; but, 
unfortunately, the detector saturates at a count rate of 10* 
photons s~, much less than that of a synchrotron source. 

There is, however, a neater and simpler method which can 
be used. The intensity of the background in Fig. 2 arises from 
incoherent scattering by random atoms, mainly in the air 
traversed by the X-ray beam, and is given by 


e I= constant x (Zf)? (4) 


where f is the scattering factor for the jth atom. Although it is 
possible to eliminate this background scatter almost com- 
pletely, it 1s better to allow some of this scatter to occur, 
because it can be used to normalise the diffraction peak 
intensities. To do this, we note that the value of sin®/A used 
is extremely small (S 75x 10-3? A-) and corresponds to the 
flat part of the atomic scattering factor curve (flat to within 
1-2% over the range of sin@/A used). Thus, the background 
intensity, which is a measure of 


Cf)? 


is also a direct representation of the total instrument function. 
It is then simple to correct for this function by dividing each 
data point by the background, taking care to extrapolate the 
background under the diffraction peaks, and then subtracting 
the number 1. 

In Fig. 3 we show the background (total instrument function) 
on an enlarged scale It is clear that it rises to a maximum near 
7 keV. The resulting normalised intensities of the first- to fifth- 
order peaks of our sample of rat-tail collagen are shown in 
Fig. 4. To extend the measurements to higher order peaks, the 
detector collimator angle (20) can be reset to a different angle 
five times larger than before. This has the effect of shifting 
fifth-order to the same energy at which first-order diffraction 
appeared previously. Therefore, if identical synchrotron 
running conditions are maintained, an angular increase (in 28) 
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Fig. 2 Raw intensity data from the meridional plane of a wet 
and stretched rat-taıl tendon. Total measuring time, 200 s. Note 
the low noise level and clean separation of diffracted peaks. Inset, 
meridional profile obtained with a conventional rotating-anode 
generator and focusing camera with intensities collected on a 
photographic film and subsequently densitometered (J C. 
Haselgrove, private communication). The sample was approxi- 
mately 6x0.5 0.5mm, camera length 0.65 m, generator at 
40 kV, and 60-mA Cu target. Exposure time 30 min. 


of five times yields the fifth- to the twenty-fifth-order diffraction 
peaks in place of first- to fifth-order peaks. 

The relative intensities of the diffracted peaks given in Fig. 3 
agree qualitatively with existing published results® for wet 
rat-tail tendon. 

An example of a profile taken with a conventional rotating- 
anode X-ray source and a focusing camera is shown in the 
inset in Fig. 2 and is typical of what can be obtained with 
conventional sources ‘J. C. Haselgrove, private communication). 
The two measured profiles are closely similar: the important 
difference is in the exposure times and sample size used. The 
exposure time of the focusing method could be shortened but 


_at a cost of resolution. We note also that in the energy-dispersive 


experiment all lines are very cleanly resolved with negligible 
noise. Moreover, the conventional experiment often requires 
sample preparation involving the mounting and alignment of 
many collagen strands to achieve sufficiently high intensities. 
This difficulty is not encountered in our experiment. 

Table 1 shows the integrated intensities after the above 
corrections have been applied. Before we can compare these 
results with published values, however, it is necessary to take 
into account the special nature of the energy-dispersive 
technique. It can be shown” that with a white radiation source 
the integrated diffracted intensity, measured by an energy 
dispersive system, is a function of à?. Moreover, for small 
absorption, it depends inversely on the absorption coefficient p. 


Fig.3 Background intensity profile (total instrument function). 
—— —, Interpolations under diffraction peaks. 
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Since to a first approximation p ~ 3, the scattered intensity 
is given by 
|F|? E|F|? 
I= tant x 5 
constant X 2x sin? ~ 2 sin?0 6) 


where E ıs the energy of the diffracted beam and F is the 
structure factor. The second column in Table 1 lists the 
intensities after correcting for this variation. The next two 
columns list published results? for wet and dry samples and the 
final column gives our results scaled to the third- order intensity 
of wet rat-tail collagen. 

We find that the intensity of the first-order peak lies well 
below that measured by Tomlin and Worthington’. This 
probably arises from a combination of effects. In particular, 
the position of this peak is directly over that region of the 
background which is changing fastest (Fig. 3), and therefore 
in dividing by the small. background values .the resulting 
estimate of the integrated intensity is subject to a large uncer- 
tainty. In addition, this reflection corresponds to a longer 
X-ray wavelength (2.11 A) than the other peaks, and, because 
the scattering efficiency depends on 22, it can be severely 
affected by extinction. Moreover, the higher absorption at this 
wavelength will mean that the inverse relationship between / and 
u is no longer sufficiently good. One way of getting round these 
difficulties would be to remeasure the intensity of this peak 
accurately at a smaller angle. The two measurements thus 
obtained would allow the absorption effects to be precisely 
determined. Moreover, if the second angle is chosen to be a 
third of the present angle, the first-order peak will appear at 
three times the present energy where absorption becomes less 
serious, f 

The intensities of the remaining peaks agree very closely 
with those measured by Tomlin and Worthington for wet 
rat-tail collagen. The slightly high value for the second peak 
may be due to drying of the specimen. In fact, ıt was observed 
that the relative intensities of the diffraction peaks changed 
considerably as a result of drying out of the specimen in 
agreement with the results of Tomlin and Worthington. Also, 
in at least one of the muscle samples used, severe radiation 
damage (a brown spot on the sample) was observed after 
irradiation for about 20 min. The rapid rate of collection of 
data means, however, that radiation damage is minimised. The 
reasonably good agreement between our results for rat-tail 
collagen and the published intensities suggests that radiation 
damage is not serious with a collagen sample for the exposure 


Fig. 4 Normalised energy-dispersive pattern from Fig. 2. The 
basic periodicity is 670 
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Table 1 Integrated intensities after application of corrections 


Integrated IJE 





Tomlin and Worthington Scaled 


n intensity (Z) Wet Dry IJE 
I 396.1 67.36 1,000 1,000 190 
2 52.6 4.47 8 188 13 
3 695.9 39.45 111 132 111 
4 71.4 3.04 - 8 49 9 
5 307.9 


10.47 33: - a 43 30 


times used. Experiments with‘ muscle showed that exposures 
of up to 120 s were feasible with NINA at 5 GeV, 10 mA before 
any change in the pattern was observed. 


‘Outlook 


We have shown that with relatively simple equipment at a 
synchrotron, it is possible to obtain small-angle scattering 
patterns from biological specimens which are of extremely high 
quality and almost noise free. The technique has many 
advantages over othér methods, namely, the high speed of 
data acquisition, the potential precision of relative intensity 
measurements, the low level of background radiation and 
high resolution for material with large spacings. 

Data can be collected at very high rates using the collimated 
white radiation from a synchrotron source, and the data 
acquisition rate is restricted solely by the relatively slow 
response time of the solid state detector and its associated 
amplifier. When this limitation is overcome, there could be a 
further increase in data acquisition rates by several orders of 
magnitude. Even with presently available electronics we have 
been able to achieve a four- or fivefold increase in the speed of 
data collection, simply by using appropriate balanced filters to 
select a small range of X-ray energies, so that the counter is not 
saturated by unwanted photons. This allows a larger sample 
with a larger area of irradiation, and thus- more diffracted 
photons ‘within the energy range selected. Although only one 
or two reflections can be examined at a time, the advantages 
of the high speed of collection may compensate for this When 
the dedicated storage-ring facility becomes available at the 
Daresbury Laboratory the X-ray intensities, produced will be 
about 100 times greater than from the ‘existing synchrotron. 
The storage ring will provide a considerably more stable 
intensity source, but if full use is to be made of its high intensity 
output faster energy-dispersive counting devices are needed. 

Lattice periodicities of from a few tens of A to around 
1,000 A can be investigated simply by reducing the detector 
viewing angle’ from 10-* rad to a few mrad A new experi- 
mental arrangement under construction at Daresbury will 
permit the detector to scan through an angular range of | to 
20 mrad. This could, in principle, permit the observation of 
up to the 80th order (~ 8 A)in materials such as rat-tail 
tendon. Peak-stripping computational techniques together 
with a high resolution detector should permit peak energy 
positions to be determined to an accuracy of at least 0.1%. 
This will offer valuable and complete structure determinations 
when combined with a two-axis rotation of the sample in the 
incident beam. Dynamic X-ray diffraction studies should now 
become feasible if the sample,is perturbed periodically and the 
experiment carried out in the same way as in modulation 
spectroscopy. For example, an electrical stimulus applied to the 
sample periodically, with measurements made in and out of 
phase, would enable a derivative signal to be built up yielding 
important and new time-dependent structural information on 
biological specimens., 
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Model for action of local anaesthetics 
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Sodium channels in nerve membranes are postulated to 
be surrounded by lipid molecules in the gel (or crystal- 
line) phase.’ Addition of local anaesthetics triggers a 
change in the surrounding lipids to the fluid, liquid 
crystalline phase, allowing the sodium channel to close 
with resulting local anaesthesia. The experimental 
evidence for this model is discussed. 





‘Direct study of sodium channels in nerve membranes is 
made exceedingly difficult by their sparsity: it has been 
estimated that in lym’ of nerve membrane there are 
between 2 and ‘500 sodium channels, depending on the 
animal’, compared with about 310° lipid molecules. In- 
formation about the molecular nature of the sodium 
channel has therefore had to be inferred indirectly, largely 
from electrophysiological studies. In particular, ıt ‘has been 
postulated that the sodium channel contains a narrow slit 
3x 5A surrounded by a ring of oxygen atoms, the slit being 
both the pathway for ion flow and the selectivity filter which 
determines which ions can flow®™’. I suggest here that the 
effects of local anaesthetics can be used to probe the lipid 
environment of the sodium channel. J 

The block of nervous conduction by local anaesthetics 
follows largely from a reduction in the sodium conductance‘, 
although there are also changes in the time course of the 
channel gating’. The mechanism of this block of sodium 
conductance has not yet been explained satisfactorily. Since 
a. wide variety of different compounds can: act as local 
anaesthetics, including neutral and both negatively. and 
positively charged molecules, it is not clear whether .there 
is a single mechanism for local anaesthesia, or whether 
each class of anaesthetic acts in a different way Staiman 
and Seeman’, however, have shown that effects of 
anaesthetic mixtures are close to being additive, suggesting 
a single mode of action. 

There are several theories for the action of local 
anaesthetics. One suggests specific receptors for local 
anaesthetics in the nerve membrane, and was proposed 
largely to explain the action of tertiary amine anaesthetics 
such as procaine, which are most potent in, the charged, 
protonated form and which act only on the inside surface 
of the nerve membrane* But the receptor (probably .the 
sodium channel itself) would have to be surprisingly un- 
selective, since a very wide. range of amines act as anaes- 
thetics, their only obvious similarity being both a lipophilic 
region and a hydrophilic region’. In contrast, very minor 
changes in the structure of tetrodotoxin, which, is known 
specifically to bind to the outside surface of the sodium 
channel, cause complete loss of activity®. Further, different 
sites of action would have to be postulated for the action 
of neutral and negatively charged anaesthetics. A second 


proposal is that effects of local anaesthetics on the mem- 
e 





brane surface charge are important‘, and although this 
could account for the action of the positively charged 
amines, it fails to account for the action of neutral or 
negatively charged molecules. 

The third, and perhaps most popular theory, is the 
membrane expansion theory. This proposes that anaes- 
thetics increase the fluidity of membrane lipids and expand 
the membrane’. Although anaesthetics have indeed been 
shown to cause an expansion of erythrocyte membranes”, 
it is not clear how an expansion of the nerve membrane 
would lead to a block of sodium conductance. Further, the 
theory would predict that an increase in presstire would 
reverse local anaesthesia, and whereas‘this is observed for 
ethanol”, for some other anaesthetics, increasing pressure 
enhances nerve block”. Also, local anaesthetics at nerve 
blocking concentrations would be expected to have little 
effect on the fluidity of the bulk of the membrane lipids. 
Thus it has been estimated that the “‘microviscosity’” at the 
centre of a bilayer of dimyristoyl phosphatidylcholine in the 
liquid—crystalline state is about equal to that in n-decane, 
and that the: viscosity near the glycerol head group of the 
lipid is only approximately 15 times greater™™ Since rates 
of rotation about C-C bonds in short-chain alkanes and 
alcohols** are similar to those at the centre of the bilayer, 
addition of these alkanes and alcohols would be expected to 
have only relatively slight effects on membrane viscosity, 
and yet they are local anaesthetics’. Indeed, using a spin- 
label method, Boggs et al. have shown that anaesthetics do 
not affect order parameters in bilayers of egg lecithin at 
anaesthetic concentration’®. 

The last model for local anaesthetic action is the protein 
perturbation model, in which interaction between anaes- 
thetics and the sodium channel causes conformational 
changes resulting in a block of conductance’ On such a 
model it is again surprising that neutral and both positively 
and negatively charged molecules should act as anaesthetics, 
especially since the tertiary amines can act in the neutral 
form, although being more effective when positively 
charged The observed competition between Ca** and the 
amine anaesthetics is also hard to account for’’, as is the 
“cutoff” effect (in a homologous series of compounds, an- 
aesthetic potency increases with increasing chain length up 
to a particular compound, beyond which they cease to be 
anaesthetics’) binding of long chain alcohols to bovine 
serum albumin simply increases with increasing chain 
length". 

A new hypothesis is now presented for the action of local 
anaesthetics, based on a particular model for the sodium 
channel. 


Annular transition model 

The basic postulate of the new model is that the sodium 
channel'is surrounded by an annulus of lipid, which is in 
the crystalline, or gel, state. If the sodium channel has the 
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Fig. 1 Model for the sodium channel, with a sodium ion 
moving through the slit from position 1 to 4 (from Hille, ref. 3). 


structure suggested by Hille’, then it 1s the rigidity of the 
surrounding lipid microenvironment that keeps the sodium 
channel open. Addition of anaesthetics triggers a change in 
the surrounding lipid from the crystalline, gel state to a 
fluid, liquid-crystalline state. When the surrounding lipid is 
in a fluid state, the sodium channel is free to relax into its 
most stable state, with.a consequent closing of the oxygen- 
lined slit which provides the ion channel -through the 
membrane. Figure 1 shows the picture of the sodium 
channel presented by Hille*, and it can be seen that relaxa- 
tion of the protein would decrease the distance between the 
oxygens lining the slit, perhaps allowing hydrogen bonding 
between the water molecule postulated to be bound in the 
slit and one of the oxygens O; or O;' of the carboxyl group. 
Although the bulk lipids of the biological membrane 
seem to be free to diffuse within the plane of the mem- 
brane’, there is strong evidence for relatively long-lived 
interactions between lipids and at least some membrane 
proteins. Persistent lipid-protein interactions giving rise to 
a lipid annulus have been proposed for cytochrome oxidase”, 
rhodopsin” and the calcium transport protein?”. The 
model for the sodium channel is, however, unusual in re- 
quiring the surrounding lipid to be in the gel phase to 
allow for activity. For the calcium pump, for example, it 
has been shown that the enzyme is only active when the 
surrounding lipid is in the fluid, liquid-crystalline state”. 
This presumably arises because in the energy-requiring 
pumping process, conformational changes occur which are 
inhibited by rigid, gel phase lipid In contrast to these 
relatively slow pumping processes’, the rate of passage of 
Na* ions through the open sodium channel is so fast that 
any change in conformation during ion passage seems un- 
likely”. Two other membrane proteins have been established 
to operate within a rigid lipid matrix, bacteriorhodopsin in 
the purple membrane of Halobacterium halobium™ and the 
microsomal cytochrome P-450 (ref. 26). i 


Experimental evidence 

The fact that anaesthetics do trigger a change in state for 
lipids from a gel to a liquid-crystalline state has been 
established in several recent papers. Alcohols up to n- 
octanol have been shown to lower the phase transition 
temperatures of phosphatidylcholines and phosphatidyl- 
ethanolamines””**. The effects are linear with respect to 
concentration, and the concentrations required to produce 
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a 5°C drop in transition temperature are comparable with 
those required to block nervous conduction’. More interest- 
ingly, however, it has been found that whereas n-decanol 
lowers the phase transition temperature of dipalmitoyl- 
phosphatidylcholine (42 °C ın the absence of alcohol), it 
raises that of dimyristoyl-phosphatidylcholine (24 °C in the 
absence of alcohol). Dodecanol! raises the phase transition 
temperatures of both dimyristoyl- and dipalmitoyl-phosphat- 
idylcholines*. This then is sufficient to explain the “cutoff” 
effect observed with the alcohols. n-nonanol is a local 
anaesthetic’, and it has been reported that dodecanol is less 
effective than undecanol in suppression of swimming in 
tadpoles and that tridecanol has no effect”®. Similarly, it has 
been found that the n-alkanes up to n-octane are anaes- 
thetics, whereas decane is not. 

The anaesthetic amines such as procaine and dibucaine 
also lower the phase transition temperatures of phospha- 
tidylcholines and phosphatidylethanolamines*’*’, Now, how- 
éver, ‘effects are nonlinear with respect to concentration, 
because of the buildup of charge on the liposomes caused 
by the binding of the positively charged anaesthetics. This 
can be overcome by the introduction of negatively charged 
lipid, which considerably increases the effect of the anaes- 
thetic. When the added negatively charged compound is 
myristic acid, the effect of the negative charges is masked 
completely by addition of about 0.5 mM Ca?* or Mg’* (ref. 
31). When the negative charge is due to phosphatidylserine, 
however, there is a differential effect between Ca’* and Mg”*: 
the effect of the negative charge is removed by about 
0.6 mM Ca?* or about 5mM Mg” (ref 30). Differences 
between the effects of Ca?* and Mg’* on aqueous dispersions 
of phosphatidylserine have also been found in other studies. 
Thus the increase in temperature of the phase transition 
caused by addition of 0.5 mM Ca’* is equal to that caused 
by 5mM Mg”*, and whereas Ca’* causes a segregation of 
phosphatidylserine in mixed bilayers of phosphatidylserine 
and phosphatidylcholine, Mg** does not™™”, Furthermore, 
Hille et al. found that Mg?* applied to the outside surface 
of myelinated nerve fibres had less effect than Ca’* on the 
voltage dependence of peak sodium permeability, consistent 
with a weaker binding™. These observatiops are important 
because they provide, at least in part, a possible explana- 
tion for the fact that the amine anaesthetics are most active 
when applied to the inside surface of the nerve‘. Negatively 
charged lipid has been postulated to be close to the sodium 
channel in nerve, with the highest concentration on the out- 
side surface. But the Ca?* and Mg?* concentrations of the 
external medium are about 2 mM and 10 mM, respectively, 
whereas the Ca’* concentration inside the nerve has been 
estimated to be micromolar or less** and the Mg’* con- 
centration is about 3 mM (ref. 36). Thus positively charged 
anaesthetics will partition most strongly into the inner 
membrane close to the negatively charged lipid Similar 
effects apply to the interactions of chlorpromazine and 
propranolol (my unpublished observations) 

Barbiturates also lower the phase transition temperatures 
of phosphatidylcholines and phosphatidylethanolamines*. 
Because of the buildup of negative charge, they are most 
effective in the uncharged form at lower pHs. It has been 
found that barbiturates are more effective local anaesthetics 
at low pH, and anaesthetic concentrations are comparable 
with those required to produce significant changes in lipid 
phase transition temperature*’*’. There seems to be no 
significant interaction with the negatively charged dipal- 
mitoyl-phosphatidylserine™. Connor er al. have reported 
that anaesthetic steroids such as alphaxalone also lower lipid 
phase transition temperatures. 

There are several other experimentally testable con- 
sequences of the model First, if anaesthesia results as a 
consequence of a lipid transition from the gel to the liquid- 
crystalline state, then a decrease in temperature should 
restore the lipid to the gel state and consequently reverse 
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Fig. 2 Peak current (/)-voltage (E) relations as a function of 
the height of the selectivity barrier. Internal Na+, 11.2 mM; 
‘external Na*, 116 mM; T, 5 °C; curve a, barrier height G23 = 
5 kcalorie ` mol -1; curve b, G23 = 5.26 kcalorie mol; 
curve c, G23 = 5.53 kcalorie mol—?, ` 


anaesthesia. Only one experiment of this kind’ seems to 
have been reported: Spyropoulos did indeed find that the 
anaesthetic effect of ethanol on squid axon at 22°C was 
reversed completely:by lowering the temperature to 4 °C (ref. 
-11) (in the absence of a lipid phase transition, the partition 
coefficient for small hydrophobic molecules between lipid 
and aqueous phases changes only slightly in this temperature 
range”). A second consequence is that the sodium conduc- 
tance of nerve should be little, affected by a decrease in 
temperature from the acclimatisation temperature of the 
animal (until a temperature is reached at which the gating 


mechanisms are affected), whereas an increase in tempera- , 


ture should lead to loss of conductance. Unfortunately, the 
appropriate experiments do not seem to have been per- 
formed. Moore“, however, has observed that the sodium 
conductance ofesquid axon is a linear function of tempera- 
ture within the range 5-25 °C with a temperature coeffi- 
cient only slightly higher than that for electrolyte conduc- 
tance in water: this contrasts with the very sharp drop in 
the activity of membrane-bound proteins such as the Nat- 
K*-ATPase with decreasing temperature. Interpretation of 
the effects of temperature on nervous conduction are likely 


to be complex, because of changes in rate constants and | 


conductances for both the sodium and the potassium 
channels. Nevertheless, with frog nerve the spike amplitude 
increases’ slightly on cooling from 25°C to 8 °C, even 
though spin-label studies have shown a considerable de- 
crease in fluidity for the bulk lipids within the. same tem- 
perature range‘. In contrast, increasing temperature pro- 
duces a reversible conduction block, the „temperature of 
block depending on the’ animal‘ a Thus the available 
evidence certainly does nòt contradict the hypothesis of a 
rigid microenvironment for the sodium channel. Even if 
more detailed data were available on the effects of tem- 
perature on ‘sodium conductance, their interpretation. would 
likely be difficult because of the hysteresis effects expected 
in such a system. In fact Inoue, et al“ have found marked 
hysteresis in’ the effects of témperature on the membrane 
potential of squid axon internally perfused with NaF and 
bathed in CaCl and NaCl. 

Increased pressure is predicted to have two distinct, and 
contradictory, effects! First, it has been found that increased 
pressure increases the temperature of a lipid phase transi- 
tion, simply because a lipid. in the liquid-crystalline state 
-occupies a larger volume than one in the gel state“*. Initially, 
therefore, an increase in pressure would ,be expected to 
iphibit the effect of an- anaesthetic. Once the anaesthetic 
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has caused the lipid to transform from the incompressible 
gel state to the compressible liquid-crystalline state, how- 
ever, an increase in pressure would be expected to increase 
the relaxation of the protein (since a relaxed protein with 
a partially closed sodium channel occupies a smaller: volume 
than that: with a fully open channel) and so enhance the 
effect of the anaesthetic. Both inhibition and enhancement 
have been observed experimentally™’”. 

Simulation of anaesthetic effects 

Although relaxation of the sodium channel caused by 
anaesthetics could cause blocking of the passage of sodium 
ions at any point along the length of the channel, ‘the most 
likely point of blockage in Hille’s model? is in the narrowest 
region , of the channel, referred to as the selectivity filter. 
The size and molecular nature of this filter was chosen so 
that passage of Na* through the filter should be favoured 
over any other ions, whether larger or smaller than Na’. 
Hille’ has presented a four-barrier model for the sodium 
channel, with the largest of the barriers corresponding to 
this selectivity filter. It is interesting therefore to see how 
well the effects of local anaesthetics can be simulated by 
this four-barrier model, assuming that the relaxation of the 
protein affects only the height of the barrier constituting the 
selectivity filter. The following results were obtained using 
the equations for the one-ion pore model as presented by 
Hille, and the parameters for the energy profile found by 
Hille to give the best fit to the ion-selectivity of the sodium 
channel of frog myelinated nerve. Figure 2 shows the effect 
of varying the peak height of the selectivity filter (G23 in 
Hille’s notation) on the peak current-voltage relations. The 
effect clearly is to reduce the sodium current, with no effect 
on the reversal potential or on the position of maximum 


- sodium’ current. This is what is observed for the action of 


neutral anaesthetics such as ethanol“, although charged 
anaesthetics sometimes cause shifts along the voltage axis. 
As Fig, 3 shows, effects of increasing barrier height on 


Fig. 3 Effect of external addim ion' concentration on peak 

sodium current as a function of barrier height G23 (kcalorie 

mol—), with internal 11.2 mM Na’, 5 °C. The data are normal- 

ised to 100 for peak current. with "external 116 mM Nat and 

G23=5 kcalorie mol. External Nat concentration: 
~ 1,114.5 mM; 2, 58 mM; 3, 166 mM; 4, 200 mM. 
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peak sodium .current gradually decrease Thus the expected 
dose-response curve would be hyperbolic. The anaesthetic 
would have no effect until its concentration was sufficiently 
high to trigger a lipid phase transition for some of the 
lipid surrounding the sodium channel; This would make 
possible a partial relaxation of the channel, with an increase 
in the height of the energy barrier of the, selectivity filter, 
and a corresponding large effect on sodium conductance. 
Increasing anaesthetic concentration would increase the 
proportion of surrounding lipid in’ the liquid- crystalline 
state and further increase the height of the energy barrier, 
but with a gradually lessening effect on sodium conductance. 
Although no detailed comparison is possible, published dose— 
response curves have this general form*’*°, The data for 
Fig. 3 also show that the, effect of changing the barrier 
height is more marked at high external sodium concentra- 
tion than at' low, although complete block of the sodium 
current occurs first at lower sodium concentrations. This 
latter observation thas been confirmed experimentally ‘by 
Condouris™. 
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The longevity of rats permitted freedom of dietary choice 
can be predicted accurately solely on the basis of their 
dietary behaviour and growth responses early in life. 





Curonic underfeeding of a complete diet is;the only means 
known for increasing the length of life of homoeothermic 
laboratory animals beyond the limits characteristic for the 
species™*. At the other extreme, chronic overfeeding, or 
other dietary excesses or imbalances, curtails lifespan?"*°"". 
For animals allowed freedom of dietary choice, a mode of 
feeding that approximates natural conditions, longevity cor- 
relates ‘highly with both the amount and type of diet an 
animal elects to consume before mid-life’. Dietary practices 
during early life are particularly important. The quantity 
and composition of the diet determines in large part the 
progression of body weight changes throughout life. Growth 
rate and other body weight-related expressions should there- 
fore also correlate with longevity’’?*"-"*, We show here 
that there are, in fact, several parameters involving body 
weight that correlate more closely with lifespan than any of 
the dietary variables. 

The dietary practices, body weight changes and duration 


of life of rats fed on a ‘self-selection basis differ from indi- 
Vidual to individual. In assessing the extent to which an 
animal’s lifespan is ‘directly linked with its dietary and 
growth behaviour, we began the analyses at a stage similar 
to that used by others working with fixed dietary regimens. 
Each lifespan-related ‘trait was thus considered separately, 
but the variety and interdependence -among these traits 
require a more complex treatment to understand their 
synergistic effects. Here, therefore, we have stressed the 
multiple variable approach for forecasting lifespan. We 
show that regardless of the proximate cause of death, there 
are combinations of specific conditions early in life which 
allow accurate prediction of an individual’s lifespan: 


1 


Dietary and growth traits 
Individually housed male Charles River COBS-CD rats were 
offered daily, throughout postweaning life, three complete 
purified isocaloric diets™ in separate containers. The diets 
differed only in their protein and carbohydrate content. To 
ensure’ that each of the 121 rats in this study had sufficient 
freedom to exhibit its individual preference, the proportions 
of the protein and carbohydrate components of. the diegs 


Nature Vol. 262 August 12 1976 


Fig. 1 Average food. and protein intake of 

rats fed on a self-selection basis throughout 

life. O, Mean daily food intake; A, mean 

daily protein (casein) intake; O, proportion 

of protein in the composite diet selected by 
the rats. 


Food intake (g) ^ 


were set at 10 and 705%, 22 and 585%, and 51 and 29.5%. 
Vitamin-free casein, sucrose and corn oil (13.5%) were the 
sources of protein, carbohydrate and fat, respectively. The 
adequacy of the mineral (6%), vitamin and trace element 
content has been demonstrated earlier with conventionally 
fed animals". The dietary history during gestation ‘and 
suckling and the critical. maintenance of constant environ- 
mental conditions have been’ described™. iy 

The absolute and relative intake of the diets differed; 
consequently, each rat selected a diet differing in quantity 
‘and composition In general, after an initial rapid increase 
in food intake (Fig. 1), the daily amount consumed remained 
relatively constant for a prolonged period. This phase per- 
sisted, for most of the rats, for as least 30 weeks. toa 

The protein-carbohydrate content of the composite diet 
selected by some rats changed with age. A change in pre- 
ference, if it oc@urred, was generally to diets of lower protein 
content and was detectable by the end of week 2 or 3 of 
feeding. At approximately 8 weeks of age, this trend re- 


versed so that the diets subsequently chosen contained 
progressively higher percentages of protein. Beyond 4 ’ 


months of age, the average protein content of the diet 
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selected by some of these rats generally exceeded that pre- 
ferred by rats whose preference had more or less stabilised 
within the first month. For the entire population, however, 
the average proportion of protein remained uniform 
throughout the greater part of life (Fig. 1). A 

The rats were weighed weekly, when they were also exa- 
mined for gross signs of disease. No therapeutic measures 
were undertaken except for shortening excessively long 
incisors. The presence, type and severity of disease were 
based on ‘histopathological assessment.’ These results have 
previously been reported”. 

The average changes in. body weight with age are shown 
in Fig. 2. No two rats had identical rates of growth and 
durations of the growth period. The differences among the 
rats wére further accentuated when body weight and changes 
in body weight were related to gross efficiency of food 
utilisation’ and the quantity of food, or of protein, con- 
sumed relative to body weight. 

The heavier the rat, the more food it tended to eat but, 

` relative to body weight, the less food it consumed. The 
latter is explained by the fact that the heavier rats were 
generally more efficient than lighter, slower growing rats in 
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converting what they consumed into body mass. The heavier. - 


rats thus tended to gain more weight than would be expected 
on the basis of food intake alone. 


Correlation of individual 

variables with lifespan 

The mean lifespan (6324125 d), population half life, age 
when most deaths occurred, and life expectancy”! were in 


close agreement. The frequency distribution curve for age. 


at death was nearly symmetrical and the. age-specific mor- 
tality rates increased in a near-exponential- manner. The age 
at death of the shortest lived rat was 314d and the longest 
was 1,026 d (Fig. 2). : 

The correlation data are summarised in Table 1. Addi- 
tional details on the relationships among lifespan and dietary 
practices have been presented elsewhere”. For most vari- 


ables, significant associations were found relatively early in ` 


life and in all cases, before mid-life. In addition to differ- 
ences in age when a correlation was first detected, the 
duration, direction and magnitude also differed. In general, 
the body weight variables correlated more closely with life- 
span than did the dietary variables. The highest simple 
correlation values were obtained when lifespan was related 
to the number of days needed by the rat to reach a pre- 
assigned weight (Table 1). Of all the variables examined, 
only the’ maximum body weight attained during maturity 
did not correlate significantly with hfespan. f i 


Combinatorial effects of diet and 

weight-related variables on lifespan l 
The sımple correlation values presented in Table 1 represent 
only associations between pairs of variables; they do not 
imply causality Furthermore, the interdependence among 
the parameters (Table 2) precludes ascribing to an isolated 
factor a direct connection to length of life. The correlation 
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may be indirect, in that a variable might be closely asso- 
ciated with another factor that is directly related to lifespan. 
Since each variable has a unique period when it correlates 
with lifespan, there are added difficulties in interpreting 
simple correlation data. It is necessary, therefore, to deter- 
mine how a number of variables interact and this can be 
best accomplished by construction of a model If the 
mathematical model is accurate, it shows a dependence 
relationship and thereby allows the estimation of lifespan. 
Since countless factors can affect length of life, however, 
it would not be realistic to expect that. the lifespan estimated 


” from a mathematical. model, based on a limited number of 
_ variables, would exactly match the observed lifespan. Devia- 


tions of the estimated lifespan from those observed represent 
errors; the smaller the error, the better a model explains 
the longevity data. Since on a simple correlation basis, 
nearly all the variables relate significantly with lifespan, 
model. building was used to reveal the combination of factors 
that best explain the lifespan data. We applied the methods 
of Furnival and Wilson” to our problem and their usefulness 
lies in the fact that they minimise the total squared error”. 
When the best combination was identified, the relative 
importance of each variable was then determined by the 
least squares method” and expressed in terms of a multiple 
regression equation. In no case was a model acceptable 
unless the contribution of each factor was statistically sig- 
nificant (P<0.05). To compare models, the. proportion of 
variance explained (R’) was useful, in that it describes the 
extent to which the errors have been minimised. 

The differences in length of life among the animals were 
best explained by a model that incorporated seven factors 
(see equation a in Table 3; the correlation matrix is-given 
in Table 2). Four of these variables characterised the growth 
pattern and the remaining three defined the preference for 
protein and the efficiency with which the amount of food 
consumed is utilised for growth. Deletion of any one of 


a SS 


Table 1 Summary of simple lifespan correlation with dietary and body weight-related variables 





“Significant association 


Maximum correlation 


, (age and body weight limits) ' coefficient* 
Variable oy dd (g) (r) * {P 
Food intaket(g) 49-372 —0.40 < 0.00001 
Non-protein calorie intaket 49-309 —0.39 < 0.0001 
Carbohydrate intaket(g) 49-299 - —0.36 -< 0.0001 
Protein intaket(g) 7 43-49 0.18 < 0.05 
200-499 —0.27 < 0.01 
Protein content of diett(°/) 43-49 0.18 < 0.05 
, 300-499 : —0.21 < 0.05 
Body weightt(g) 63-406 —0.43 < 0.00001 
Weight gain||(g) 49-294 —0.44 < 0.000001 
Relative growth rates || 1 49-147 —0.28 < 0.01 
Maximum body weight attained (g) — — —0.07 < NS 
Age to attain specified weight§(d) 300-600 0.46 < 0.000001 
Age-independent body weight acquisition time**(d) 
for 100-g increments i 200-300 to 500—600 0.48 < 0.000001 
for body-weight doubling 200-400 to 300-600 0.49 < 0.000000! 
Food intake per kg body weight} t(g) 148-294 f 0.23 < 0.01 
Protein intake per kg body weightt(g) 43-49 0.22 < 0.05 
Gain in weight, g per total food intake(g) 49-196 —0.29 < 0.001 


SS eee eeaeee aa 
*n = 120 or 121. * 

tAverage daily intake for successive weekly intervals. 

{Computed for successive weekly intervals. 

l\Computed for successive 7-week intervals. 

{Instantaneous relative growth rate (K) 


_ log. weight,—log. weight; , 
to—ty á 





ta—t;ı = age in weeks 


§Computed for successive 100-g intervals. 
**Age at weight,—age weight. 
tt Value for each period represents the mean of a series of 7 successive weekly values: 





average daily intake for 1 week 7 
body weight at end of week 
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Table 2 Relationships between diet, body weight and lifespan ` 


Age to 


Correlation matrix (r)* 


__, Protein 
Time to attain Daily Protem intake per Length 
Body weight} double specified food Feed Protein contentof kg body of 
119d 133d weight} weight|| intake, efficiency§ intake** diettt weight life 
Body weight at 119 d 1.000 
Body weight at 133 d 0.987 1.000 
Time to double weightt —0.755 —0.759 1.000 
Age to attain specified weight|| —0 782 —0.777 0.992 1.000 
Daily food intake] .751 0.790 —0.493 —0.485 1.000 
Feed efficiency § 0.438 0.466 —0.614 —0.558 0.211 1.000 
Protein intake** 0.300 0.269 —0.195 ` —0.255 - 0.150  —0.146 1.000 
Protein content of diettt 0.204 0.182 —0.167 —0.213 0.059 —0.005 0.924 1.000 
Protein intake per kg body : 
weight IT 0.096 0.086 —0.120 —0.143 0.063 —0.018 0.900 0.922 1.000 
Length of life —0.460 —0.455 0.481 0.455 —0.428 _—0.331 0.226 0.216 0.255 1.000 





*Level of significance (P) of correlation coefficient values (r); r values 0.18, not significant; r values 0.18-0.22, 0.23-0.28, 0.29-0.33, 0.34-0.39, 
..., correspond to P<0.05, <0.01, <0.001, <0.0001, . . . , respectively. One rat did not attain 500 g and protein intake data for the 43-49 -d 
period was not available for another because of excess spillage of food; correlation matrix and multiple regression analysis therefore based on 


n= 119. 


+Body weight at 119 d, mean = 522 g (range: 298-665); at 133 d, mean = 549 g (range: 312-708). , 
{Time (d) to double initial body weight of 250 g; mean = 64.2 (range: 33-399). 

llAge of animal (d) when it reached 500 g body weight; mean = 119 (range: 83-494). 

[Average daily food intake (g) between 14 and 21 weeks of age; mean = 21.0 (range: 15.5-25.7). . 


Body weight at 98 d—body weight at 49 d 
Total food intake (g) for same period 


§ 


; mean = 0.26 (range: 0.13-0.31) 


** Average daily protein intake (g) between 43 and 49 d of age; mean = 4.2 (range: 1.4-9.6). ‘ 
ttAverage daily protein content of composite diet (%) selected between 43 and 49 d of age; mean = 24.4 (range: 10.1-49.2). 
[Average daily intake (g) between 43 and 49 d per kg body weight at 49 d; mean = 19.6 (range: 9-40). 


these variables, or the substitution of any parameter with 
data representing other age or time periods, or weight 
changes, led to a less informative multiple regression equa- 
tion. The addition of other variables to the model or 
logarithmic transformations of the data did not improve the 
fit either. 

The seven variables acting in concert, accounted for 46% 
of the variance in the length of life (Table 3). In contrast, 
on the basis of simple correlation analysis, no single variable 
explained more than 24% of the variance. The data given 
in Table 3 show that the changes in body weight occurring 
long before the growth pattern had been completed 
accounted for the greater proportion of the explained 
variance in the duration of life. ‘ FN D 

The predictive capability of the multiple regression equa- 
tion was evaluated by comparing the estimated length of 
life with the actual length of life. This form of analysis 
also served to identify major sources of error in, the predic- 
tions. The average absolute error of 12% from the actual 
number of days lived indicated that, at the very least, a rat’s 
lifespan can be predicted as being of short, intermediate 
or long duration. : 

An additional series of analyses were made to determine 
to what extent the elimination of several of the shortest lived 
rats would improve the model for the others. Only those rats 
that lived longer than 425 d, representing 95% of the pop- 
ulation, were used to derive the ‘conditional regression 
equation b (Table 3). The small changes in the coefficient 
values from a to b resulted ın estimated lifespans that more 
closely approximated actual lifespans. The increase from 
46 to 52% in the proportion of variance explained was 
greater than would have been obtained by' the application 
of equation a to the same animals. , 

These observations suggested that as the. number of ani- 
mals in the population decreased because of attrition, a 
prospective, step-wise redefining of the best association 
between the independent variables and, lifespan for the 
survivors would increase the accuracy of lifespan estimate. 
ghis was confirmed as indicated by the conditional multiple 
regression equations c to f (Table 3). 


The most precise estimate of lifespan was obtained for 
rats that survived more than 700d (equation f), where the 
average absolute error was less than 4% and, moreover, 
only four variables were needed. With the exception of this 
subset of animals, the progressive reduction in the absolute 
error with the other conditional regression equations was 
not due to an increase in the degree to which the specific 
combination of variables correlated with lifespan. Rather, 
the apparent increase in accuracy was the result of reduc- 
tions in the number of cases of extreme over- and under- 
estimates. These adjustments, however,, were not as critical 
as changes in the type and relative importance of the 
variables comprising the series of conditional regression 
equations. Thus, the information required to estimate life- 
span of all the rats was not identical to that needed for a 
segment.of the population The contribution of dietary 
preference and food efficiency data became progressively 
less important as the number of short and intermediate lived 


` animals included in a cohort decreased Body weight-related 


variables, however, took on greater importance (Table 3). 
Thus, those animals that choose and efficiently utilise early 
in life a low-protein but otherwise adequate diet, and that 
complete the greater part of their growth by the time they 
are approximately 100d old, will probably be the shortest 
lived members of the population At the other extreme, rats 
that grow slowly, particularly between 50 and 150d of age. 
will more. likely have extended lifespans. 

In view of the lifespan-dependent changes in the number 
and type of variables, a single all inclusive equation cannot 
be expected to describe adequately the length of life of all 
the rats At best it represents a compromise. The under- 
estimation of lifespan for long lived rats obtained when 
equation a was used, was partly the result of having included 
dietary variables. At the other extreme, the overestimation 
for the short lived rats probably resulted from inclusion 
of body weight variables. A retrospective analysis confined 
to the shortest lived rats (25% of the population) confirmed 
that the weight of the rat per se was not needed to estimate” 
lifespan. The protein intake was replaced by the amo 
of carbohydrate consumed, but the age to reach 500 g 
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Table 3 Estimation of individual lifespan as determined from growth and dietary practices early inlife (conditional multiple regression analysis) 





Coefficients of linear regression equation for estimating lifespan* 





Fraction ze Body Protein 
‘of Rangein Cohort | Body weight Age at weight Gross Protein Protein intake per 
population lifespan size 119d 133d. 500g. doubling food intaket fraction of kg body 
(%) (d) (no.) (g) (g) (® timet (d) `efficiencyt (g) diett (%) weightt (g) 
(a)t 100 317-1,026 119 —3.54 2.13 —7.51 9.41, 1,634 59.90 —6.24 
(b) 95 425-1,026 113 —3.69 2.24 —7.84. 9.71 1,820 56.76 — 6.62 
(c) 85 500-1,026 101 —3.54 2.30 —6.36 8.00 1,389 51.96 —6.19 
(d) 70 575-1,026 83 —2.54 1.69. . —5.27 6.66 747 14.26 
(e) 50 620-1 ,026 60 | —2.75 2.28 —4,72. 5.92. 2.58 
(f) 25 700-1 ,026 30: —3.87 3.54 —4, 64 ; 5.73 
Statistical summary 
i . Estimated compared with Fraction of variance explained by S 
, actual lifespan ; . os ‘ Contribution 
Fraction Mean Absolute Weight Weight Dietary “ of weight 
of Correlation standard ` average ` + dietary ~ factors _ factors factors to 
. population coefficient deviation ‘ ‘error ‘factors ' „only only lifespan 
(%) (r), ‘ (dd) “CA 5, RAM RIT (R4?) (%)$ 
(a)t 100 0.680 +95 12.1 0.462 0 340 0.159 74 
(b) 95 0.722 +81 10.2 - 0.521 0.400 0.152 71 
(c) 85 0.711 +73 “tT gg" > 0.506 0.392 ' 0.170 TT 
(d) 70 0.688 +68 P ie ia T 0.473 0.405 -0.169 86 
(e) 50 0.691 +60 6.2 0.477 0.427 0.023 90 
(f) 25 0.815 +43 3.8 0.665 0.665 100 
*Coefficients for the linear regression equation of the form: Estimated lifespan = —c, (body weight at 119 d)+c,(body weight -at 133 d) 


—c,(age at 500 g)-+-c,(body weight doubling time)+ ¢,(gross food efficiency) + c,(protein intake) —c,(protein fraction of diet)-+ ¢4(protein intake 
per kg body weight). Blank entry implies that the variable is not necessary in the equation. 
Intercept coefficient +s.d. for equations a, b, c, d; e ous f 1,085+227, 1, 113£196, 1,065+185, 1 026+ 187, 1,027 +207 and: 1 Oa aaa 


respectively. 


tSee footnotes of Table 2 for source of data and tange of the values. ; 


tEquation designation. 

|All F values significant at P< 0.0001. 

TR?, coefficient of determination (Proportion of variance explained). 
{Ry Bi ie is 


to 


the time to double a body veut of 250g were aul signi- 
ficant lifespan predictors. 

The sequential redefinition of “the best amabo of 
variables, therefore, afforded the only available means’ of 
improving the lifespan forecast over that obtained with a 
single mathematical model. The weighted, overall mean 
standard deviation from the actual lifespan ‘determined by 
the step-wise application of the appropriate regression ‘equa- 
tion to each of the rats within a cohort, was + 69d This 
corresponded to an absolute error of 8% and the Proportion 
of the variance explained approached 50%. MP a 


Comparison of fixed and 


self-selection regimens- Co 

In experimental studies using fixed: diets, the changes in 
life expectancy and the: frequency :of age-related diseases 
attributable to chronic severe under-nutrition and ‘excessive 
over-nutrition have stressed the influence of the quantity 
of food consumed*"”. Deviations in life expectancy and 
disease frequency that may occur among animals maintained 
on fixed diets differing in composition have also been inter- 
preted to result in part from changes in appetite and there- 
fore in intake of food or calories’ These changes may accen- 
tuate or obscure the effects of a-dietary component. With 
self-selection feeding, food intake data per se are not 
necessary to forecast duration of life. Useful information is 
however obtained from data which describe the composition 
of the diet, the efficiency with which it is used for growth 
purposes, and the manner in which age-dependent and age- 
independent changes in body weight occur The omission 
of caloric intake as an important factor which influences 
the rate of ageing should not be considered to be at variance 
‘with earlier conclusions Rather, it indicates that the inter- 


Pat 


‘opposite’ condition prevails’. 


t 


actions among lifespan-related factors' provide other com- 
binations of' variables that are’ more revealing of future 
events. Some of these variables may be influenced by food 
intake. The absolute changes in body ‘weights and time 
required to attain a specific weight act as substitute infor- 
mation for food intake. Body weight, which as an isolated 
variable correlated even more ‘closely with -lifespan than 
food intake, is also unnecessary, since these data are also 
incorporated in the absolute body weight changes and the 
time required to attain a specific weight. ni 
A fixed diet high in protein and low in carbohydrate, 
when maintained throughout life, is associated with a higher 
life expectancy compared with that obtained with diets 
containing relatively lower levels of protein" With self- 
selection feeding, the proportion of protein in the diet early 
in life also correlates directly with lifespan, but later, the 
Only the protein—-carbohy- 
drate ratio of the diet selected early in life seems to be 
relevant in the context of the other variables. In the multiple 
regression equations a-c, however, the coefficient values for 
this variable ‘are negative This does not indicate that a 
lower proportion of protein in the diet implies a longer 
lifespan Instead the negative: value serves to moderate the 
effects on ‘lifespan contributed by the absolute amount of 
protein consumed Thus, apart from the influence of the 
other variables, the magnitude of the life-shortening effect 
resulting from a low protein intake early in life is accen- 
tuated or minimised depending on the relative amount of 
protein in the diet selected. Analogous feedback systems are 
evident among the two pairs of variables in equation a.that 
describe growth In both cases, one member of a pair exerts 
an influence opposite, but not of equal force, to that 
supplied by the other. e 
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Since dietary intervention has been shown to modify 
longevity, regimens designed to conform with the dietary 
practices of long lived rats, may be effective in increasing 
lifespan The extent to which this type of dietary manipula- 
tion would be successful depends on the interactions among 
the specificity in dietary requirements of the individual, the 
stage of life when the new regimen is begun and the 
genetically determined growth potential. These interactions 
provide at least part of the explanation as to why there is 
such a high degree of variation in lifespan among animals 
maintained on a single fixed dietary regimen in identical 
environmental conditions. 


Implications of long-lasting effects of 
early dietary and growth behaviour 
The fact that 50% of the total variance in lifespan has been 
explained on the basis of early life dietary and dietary-re- 
lated parameters, assigns to diet a major determinant func- 
tion. No two rats are identical in their dietary preferences 
and growth characteristics; yet the long term interactions 
can be calculated with sufficient accuracy as to allow a close 
prediction of the duration of life of individual animals | 
All the weight-related data needed in the mathematical 
model can be obtained for nearly all the rats before 150d 
of age. The dietary data can be obtained before they reach 
100d. The quantity of protein consumed and the protein- 
carbohydrate ratio of the diet selected during days 43-49 
are most critical, since substitution of data obtained later 
greatly reduces the accuracy of the lifespan forecast. ` 
The temporal specificity implies that the self-determined 
dietary habits and body weight changes during the mature 
phase have little bearing on lifespan This assumes that the 
same mode of feeding is kept throughout postweaning life 
and that essential constituents needed for life are always 
available. Additional persuasive evidence of the importance 
of the early dietary environment comes from fixed diet 
studies’***7-** Certain forms of nutritional intervention 
limited to early life modify life expectancy and disease risk, 
whereas dietary intervention later in life may not result 
in the same degree or type of response We cannot, however, 
extend this préposal to include the role of dietary fat?" 
and of the micronutrient" components, since their 
relative importance and age relationships were not investi- 
gated. Nevertheless, the temporal specificity demonstrated 
here raises the question whether, through a physiological 
imprinting mechanism, the variables serve as determinants 
or signals, of an existing underlying programme of events 
to take place later in life The data obtained through short 
term self-selection studies indicating that dietary preference 
of young animals may have a genetic basis****, supports 
the latter possibility Conversely, the compensatory changes 
_in dietary preference associated with a variety of conditions 
` that alter metabolism“ supports the determinant view. ` 
Throughout the greater part of life, the rats were vigor- 
ous, clean and free from symptoms of disease. At death, 
however, a pathological process could be assigned in nearly 
every case as a contributory or proximate “‘cause of death” 
Tumours of different tissue origin occurring in many sites 
and other age-related affections of the lung, heart, kidney, 
‘and prostate were particularly prominent among the rats 
in this study The ability to make a long range lifespan 
forecast is therefore all the more remarkable, in that it 
incorporates differences in the age of onset and the rate of 
progression of one or more of the debilitating, fatal diseases 
_It is difficult not to ‘conclude that the individual specificity 
in early life conditions that govern lifespan are’ interwoven 
with those that regulate the susceptibility to several age- 
related diseases. 
The models developed for rats maintained in an unvarying 
laboratory environment are not directly applicable to other 


mammals and probably not even for the same stock of rats > 
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' living in natural conditions, experiencing many environ- 


mental forces. The feeding methods and analytical proce- 
dures are applicable, however, to other animals to determine 
whether the processes that regulate. lifespan ‘and disease 
susceptibility have common denominators and if so, to 


- develop a, model that is not restricted to one species The 


self-selection method of feeding also allows determination 
of the extent to which normal physiological or environ- 
mentally caused perturbations in appetite and growth at 
different ages modify length of life and disease risk. At the 
very least, our observation on the consequences of dietary 
habits and growth responses early in life have immediate 
relevance to questions concerned with the appraisal of 
nutritional adequacy, the relationship between diet and 
some diseases of age, and the mechanism of the ageing 
process. 
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The translation product of the gag gene of mammalian 
type-C RNA viruses is a 65,000-68,000 ‘molecular 
weight precursor polypeptide (Pr65) whose cleavage 
leads to the formation of four virion proteins, p30, p15, 
p12 and p10. An immunological approach, has been used 
to establish the arrangement of the sequences, coding 
for these proteins within the viral genome as (5% ‘) pis 
pl2-p30-p10 (3°). ‘ . 





TyPe-C RNA, viruses have been implicated as causative 
agents of leukaemias and sarcomas in many vertebrates. A 
genetic approach to the understanding of type-C virus-coded 
functions may be useful in determining the mechanisms of 
replication and transformation by, these agents. It is well 
established that translational products of the viral genome 
include a reverse transcriptase, envelope glycoprotein, and 
several lower molecular weight proteins’, some of which 
are known to be synthesised as part of a precursor poly- 
peptide?”’. The regions of the viral genome coding for these 
functions have been termed pol, eny, and'.gag genes, rès- 
pectively*. Another gene, ‘designated sre (ref. 9), has been 
identified’ in transforming ` type-C viruses of avian and 
mammalian origin. Evidence obtained by the isolation of 
conditional and non-conditional mutants of sarcoma viruses 
indicates that the translation product(s). of the src gene. are 
involved in cell transformation (for review, see'refs 10-12). 
Whether type-C viruses, which do not transform fibroblasts 
in culture but induce lymphoid, tumours in vivo, contain 
genes analogous to sre responsible for' „lymphoid cell trans- 
formation is not yet known. 

Among approaches used in attempts to sequence the typë: 
C viral genome, the oligonucleotide fingerprint method has 
been useful in mapping regions near the poly(A)-containing 
3’ end of the genome. Analysis of deletion mutants of avian 
sarcoma viruses by this method thas led to mapping of. the 
env and src genes*"", Information concerning the composi- 
tion and partial sequence of the avian gag gene has been 
obtained by techniques involving immunoprecipitation of 
pulse-labelled polypeptides synthesised ‘by pactamycin- 
treated cells“. There is as yet no evidence concerning the 
genetic sequence of mammalian type-C viruses. There are, 
however, reports in which immunoprecipitation techniques 


have been used to detect a variety of intermediate precursor 
polypeptides involved in the synthesis of mature virion 
components®**. 

A different approach to the definition of the’ composition 
and sequence’ of type-C virus-coded genes takes advantage 
of highly sensitive and’‘specific competition radioimmuno- 
assays for detection and identification of the known struc- 
tural components of various mammalian type-C viruses, By 
such procedures, it has recently beén shown that ‘one class 
of temperature- sensitive mutants of Rauscher-murine 
leukaemia virus (MuLV) is restricted’ at the non-permissive 
temperature in cleavage of a precursor polypeptide’. We 
report here an analysis of the’ size and composition of ‘this 
viral precursor polypeptide and of its partial cleavage- 
products. Analogous studies have been performed with cells 
infected with several naturally-occurning mammalian trans- 
forming type-C ‘viruses, that express different numbers of 
type-C Viral ‘structural proteins". The present studies 
make it possible to establish tentatively the components of 
the gag gene of mammalian type-C viruses, as ‘well as to 
_ determine its ‘genetic sequence. 


' 


“Proteins coded by: gag gene 


Table’ 1, summarises some of the biochemical and immuno- 
logical properties of ‘type-C viral proteins for which com- 
petition immunoassays ' were performed. These proteins 
include gp70 (refs 19, 20); p30 (ref. -22), p15 (ref 23), p12 
(refs 17), and p10 (ref. 24). Each has ‘been ‘demonstrated 
to be immunologically distinct from the othgrs and to retain 
its antigenic characteristics when the virus is grown in cells 
of different species; indicating that each represents a mature 
translational product of the viral genome. In the first series 
of experiments, the distribution of these viral proteins was 
examineéd'in extracts of NIH/3T3 mouse cells infected at 


‘the permissive (31 °C) or ‘non-permissive (39 °C)‘ tempera- 
“ture -with ts25, a-Rauscher-MuLV mutant defective in pre- 


cursor polypeptide cleavage‘. Post-microsomal cell extracts 
were subjected to’ Agarose gel filtration’ under denaturing 
conditions (6M GuH(Cl).-As shown in Fig. 14, the antigenic 
reactivities of viral proteins in extracts of ‘cells' infected at 
31 °C, eluted at ‘molecular weight regions corresponding to 
those of each of the respective mature proteins ‘isolated 
from intact virions.’ ` 

When the same cells were infected at 39 °C instead, anti- 
genic reactivities corresponding to all’ four’ proteins, p30, 


a aa 
Table 1 Biochemical and immunological characteristics of type-C viral structural proteins* 7. nia, 





Viral proteint Molecular weight (x10~-?) © Phosphocellulose 
(6 M GuHCl) elution (pH 6.5) 
gp70 69-71t ` 0.1-0.2 M KCI 
p30 28-31 0.3-0.4 M KCI 
p15 15-17 0.4-0.5'M KCI 
p12 11-12 Not bound 
p10 8-10 0. 6-0. 8 M Ko 





Primary antigenic determinants | Other characteristics 
Envelope glycoprotein; 
involved in neutralisation 


Major internal antigen -~ 
High tendency to aggregate ; 


Type, group, interspecies 4 


Group, interspecies 
. Type, group, interspecies 


-~ Type, group w EA Phosphoprotein fs 
Group, interspecies , Found i in ribonucleoproteii 
a ye © pas -' > complexes 


: ; 
*The data presented in this Table have been summarised from refs 1, 41—43. : a l 


tDesignated according to convention*®, 


{Determined by sodium dodecylsulphate-polyacrylamide gel electrophoresis. 
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Fig. 1 Molecular sizing chromatography of 
Rauscher-MuLV, {s25 mutant, grown in 
NIH/3T3 mouse cells at: A, the permissive 
temperature (31 °C), and, B, the restrictive 
temperature (39 °C). Twenty nulligrams of 
the post-microsomal fraction of ts25-infected 
NIH/3T3 cells were lyophilised and resus- 
pended in a 50 mM Tris-HCl pH 8.0 buffer 
containing 8 M guanidine-HCl (GuHCl), 1 
mM EDTA and 20 mM of freshly prepared 
dithiothreitol. After 30 min incubation at 
37°C, the sample was applied to an A-5 
Agarose (100-200 mesh, BioRad) 1.5 x90 cm 
column equilibrated with a 6M GuHCl 
solution containing 20 mM dithiothreitol, 
adjusted to a final pH of 6.5 units. The 
sample was chromatographed at room 
temperature at a flow rate of 1.6 ml h7 with 
a head pressure of 15 cm. Fractions (0.5 ml) 
were collected, and exhaustively dialysed at 
4 °C for 36 h against a 10 mM Tris-HCl pH 
7.8 buffer containing 100 mM NaCl, 0.5 
mM EDTA and 0.1 % Triton X-100. Samples 
were tested at twofold serial dilutions in 
homologous competition radiommmunoassays 
for Rauscher-MuLvV: a, p30; b, p15; c, p12; 
and d, p10 proteins, as described in Table 2. 
Results are expressed as the percentage of 
total antigenic reactivity. Molecular weight 
standards, chromatographed along with the 
sample, included 1*I-labelled bovine serum 
albumin (69,000), ?*I-labelled Rauscher p30 
(30,000), cytochrome c (12,400) and ?*5iodine 
(125). The vertical dotted lines indicate the 
chromatographic positions of Pr65 and Pr25 
precursor polypeptides. 


Antigenic reactivity (% of total) 


p15, p12, and p10, migrated as a 65,000-68,000 molecular 
weight precursor polypeptide termed Pr65 (Fig. 1B). No 
reactivity corresponding to any of these proteins was 
detectable at any higher molecular weight, indicating that 
if Pr65 is initially synthesised as a precursor polypeptide 
with a molecular weight greater than 65,000, it must be 
efficiently cleaved. The size of Pr65 would seem to account 
for not more than the entire translational information of 
the four viral proteins coded for by the gag gene of 
Rauscher-MuLV. 

The results in Fig. 1B also indicate the existence of poly- 
peptides containing p30, p15, p12 and p10 antigenic deter- 
minants, and possessing molecular weights less than 65,000. 
These results suggest that even at the restrictive tem- 
perature some precursor cleavage takes place in cultures 
infected with ts25 mutant. It was reasoned that systematic 
analysis of such intermediate cleavage products should 
provide information concerning the virus maturation pro- 
cess. More importantly, this approach might also provide 
evidence needed for mapping of individual proteins within the 
viral genome. For example, the detection of a 23,000—26,000 
molecular weight polypeptide containing p15 and p12 anti- 
genic determinants (Fig. 1Bb and c), suggested that these 
proteins were located at adjacent positions within the Pr65 
precursor polypeptide. Further, antigenic reactivities of 
p30, p12 and p10 but not of p15 were found in polypeptides 
eluting in the 40,000 to 60,000 molecular weight region of 
the guanidine HCl column. In combination with findings 
of relatively ‘higher levels of mature p15 compared with the 
other viral proteins, the above data suggested that p15 
might be located at a terminal position in the gag gene 
translational product. 


Use of mammalian sarcoma virus-transformed 
cells in sequencing type-C viral genes 

Mammalian sarcoma viruses are defective in functions 
needed for their replication as infectious viruses (for review, 
see ref. 12). Helper functions including the viral envelope 
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and reverse transcriptase are conferred by a type-C helper 
leukaemia virus, invariably present in sarcoma virus stocks. 
Molecular hybridisation studies have indicated that mam- 
malian sarcoma viruses do contain some helper virus 
genetic sequences*™”*, In fact, several sarcoma viruses 
express specific helper viral proteins immunologically 
detectable in transformed cells’*"*. That these properties 
are genetically stable’*?”’* provides independent evidence of 
the association of helper viral sequences with these trans- 
forming viral genomes. The viruses analysed here included 


‘the StL” (ref. 16) variant of Moloney-murine sarcoma virus 


(MSV), a natural sarcoma virus isolate from the BALB/c 
mouse”, designated BALB-MSV, and a sarcoma virus 
isolated from the woolly monkey”, designated woolly 
monkey sarcoma virus (WSV). Another virus, the Abelson- 
murine leukaemia virus (Atbelson-MuLV), which induces 
lymphomas rather than sarcomas”, was also examined Like 
the StL” Moloney-MSV, this virus transforms fibroblasts 
in culture and is deféctive for replication” The origins and 
designations of cell lines transformed by each virus are 
summarised in Table 2 

The specific anvigenic determinants of viral proteins 
expressed by SL” Moloney-MSV and Abelson-MuLV- 
transformed cells were found to be those of Moloney-MuLV 
by analysis in radioimmunoassays for type-specific antigenic 
determinants of p12 and p15 viral proteins, while BALB- 
MSV transformants expressed antigens specific for a mouse 
cell tropic helper leukaemia virus indistinguishable from 
AKR-MuLV by these techniques (data not shown). WSV- 
transformants contained antigens specific for the woolly 
monkey helper virus”. Thus, each transformed cell line and 
its appropriate uninfected parental line were compared for 
reactivity in immunoassays for proteins of the specific 
helper virus in question (Table 2). Uninfected human and 
tat cells showed no detectable reactivity in any of the 
assays used (<10ng of viral antigen per mg cellular pro- 
tein) Mouse cells that are known to express antigens of 
their endogenous  viruses**~** were, however, cross 
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Table 2 Patterns of type-C viral antigen expression in cells infected with different mammalian transforming viruses 





Transforming virus Transformed cells Levels of viral protein* 


Species Designation Reference (ng of antigen per mg cell extract) 
., gp70 p30, pls p12 plo 
NP Moloney-MSV Mouse M-NIH 27 <20 <10 <10 <10 <40 
Rat M-NRK 27 <10 <10 <10 <10 <10 
S+L- Moloney-MSV Mouse D56 16 807 700 .1,700 1,300 <40 
Rat StL--NRK 27 r <10 800 1,500 1,300 <10 
Human HuACl, 44 NT} 2,000 4,500 3,900 <10 
Rat S+L--NRK infected with ; ; 
Moloney-MuLV | 3,300 7,600 4,100 3,700 3,400 
Abelson leukaemia virus Mouse ANN-1 "32 ' <20 <10 1,900 1,100 <40 
BALB-MSV Rat MAI-3206 Unpublished <10 <10 600 , 400 <10 
Woolly monkey sarcoma : 
virus Rat WSV C19 18 <10 <10 NT <10 <10 
Rat WSV CI 11 ,18 <10 100 NT 100 100 
Rat WSV CI 9 infected with 
woolly monkey helper virus 6,100 3,400 3,700 


5,100 NT 





Viral structural proteins of Rauscher-, Moloney- and AKR-MuLV as well as from the woolly monkey helper virus isolate were purified to 
apparent homogeneity by a combination of ion exchange and molecular sizing chromatographic techniques as described2*:*4, These included the 
gp70, p30, p12 and p10 viral proteins of all the four viruses as well as the p15 protein of Rauscher- and Moloney-MuLV. High specific activity 
125]-labelling of these proteins was achieved by the chloramine T method**. After three cycles of freezing and thawing cells were sonicated for 
1 min (Biosonic II sonic oscillator) in a 10 mM Tris-HC! pH 7.8 buffer containing 100 mM NaCl, 0.5 mM EDTA and 0.5% Triton X-100, and 
centrifuged for 2h at 100,000g. The final supernatant was divided into aliquots and stored at —70 °C. These post-microsomal fractions were 
tested at twofold serial dilutions in the appropriate competition radio1mmunoassays for their ability to displace the !*5J-labelled viral antigen 
for binding limiting amounts of goat antiserum raised against homologous virus purified on sucrose gradients. Antiserum and unlabelled com- 
peting antigen were incubated at 37 °C for 1 h in a 0.15 ml reaction mixture containing 10 mM Tris-HCl pH 7.8, 10 mM EDTA, 0.4% Triton 
X-100, 1% bovine serum albumin, 0.1% normal goat serum and 10 mM NaC! (p30, p12 assays) or 300 mM NaCl! (gp70, p15 and p10 'sasays). 
Around 10,000 c.p.m. of }#5J-labelled antigen contained in 0.05 ml of the same buffer were added and incubation continued for 3 h at 37 °C and 
a further 18 h at 4 °C. Following the addition of 0.025 ml of undiluted swine anti-goat immunoglobulin G to each tube to precipitate the antigen— 
antibody complexes, reaction mixtures were incubated for 1 h at 37 °C and 3h at 4°C. Finally, 1 ml of cold 10 mM Tris-HCI pH 7.8 buffer 
containing 100 mM NaCl and 0.1% Triton X-100 was added to each tube, samples were centrifuged (2,500 rpm for 15 min), supernatants 
were aspirated, and the radioactivity in the precipitates measured in a Searle gamma counter Model 1285. The results were calculated on the 
basis of the displacement of the complete competition curve for the unknown relative to that achieved with the corresponding purified viral 
antigen. Protein concentrations were determined according to Lowry et al.4* using bovine serum albumin as standard. 

*Moloney sarcoma- and Abelson leukaemia virus-transformed cells were tested in homologous immunoassays for Moloney-MuLV proteins. 
MAI 3206 was assayed in the AKR-MuLV homologous assays except for p15, where anti-AKR-MuLV: 1!*J-Rauscher p15 was 
utilised. Finally, woolly monkey sarcoma virus-transformed cells were tested ın immunoassays for woolly monkey helper virus proteins. 
Controls for the specificity of each immunoassay included homologous assays for the analogous protein of at least one immunologically distinct 
type-C virus as well as for the p30s of avian myeloblastosis and RD114 viruses 

+Slightly raised levels of gp70 were observed only in StL- Moloney-MSV-transformed mouse cells. This gp70 was, however, found to contain 
type-specific antigenic determinants of an endogenous mouse type-C virus‘? (data not shown). These findings together with the lack of detectable 


gp70 in StL- NRK rat cells indicate that this gp70 is not coded for by the StL- Moloney-MSV genome. 


N.T., Not tested. 


reactive at low levels (<50 ng of viral antigen per mg cel- 
lular protein) in assays for Moloney-MuLV gp70 and p10 
proteins. Therefore, these were subtracted from values 
obtained with each virus-transformed mouse cell line. As a 
positive control, virus-transformed cells productively in- 
fected with the appropriate helper virus produced high 
levels of each of the five viral antigens tested. 

As shown in Table 2, none of the transformants analysed 
produced significant amounts of the envelope glycoprotein. 
gp70. In the analysis of gag gene products, several different 
patterns of expression were observed. For example, cells 
transformed by the non-producer (NP) variant of Moloney- 
MSV and by one genetically stable variant of WSV (WSV 
C19), demonstrated no antigen expression above the levels 
observed in uninfected parental cells. In contrast, mouse, 
rat or human cells transformed by the S*L~ variant of 
Moloney-MSV expressed high levels of three Moloney- 
MuLV proteins, p30, p15 and p12. The production of the 
same antigens in cells of different species strongly indicates 
that they are coded by the virus. The fact that p10 was the 
only missing protein among the Moloney-MuLV gag gene 
products expressed by S*L™ Moloney-MSV-transformed 
cells suggested that this low molecular weight protein might 
be located at the carboxy-terminal end of the gag gene 
precursor polypeptide. 

BALB-MSV and Abelson-MuLV transformants demon- 
strated high levels of p15 and p12 viral proteins in the 
absence of p30 or p10, indicating that p30 is the viral pro- 
tein in closest proximity to p10 These results do not 
establish the positions of p15 and -p12 viral proteins with 
respect to each other. The presence of ts25 Rauscher- 


é 


MuLV-infected cells of a 23,000—26,000 molecular weight 
intermediate cleavage product containing both antigens, 
along with the results presented in Table 2, suggests, how- 
ever, that p15 and p12 occupy adjacent positions at the 
amino-terminal region of the gag gene translational product. 

Transformants of one WSV variant (WSV C111) 
expressed readily ‘detectable levels of p10 in addition to 
p30 and p12 woolly monkey helper virus proteins. The un- 
availability of a radioimmunoassay for woolly monkey viral 
p15 made it difficult to establish directly the presence of 
this antigen. The cells were, however, found to express a 
65,000—68,000 molecular weight polypeptide containing p30, 
p12 and pl0O and another of 23,000—26,000 molecular 
weight, possessing p12 but not p30 or p10 (data not shown). 
Their sizes are evidence that these polypeptides are 
analogous to those found in Rauscher-MuLV-infected cells 
and, therefore that p15 is present in both polypeptides. 
Thus, the WSV Cl 11 transforming virus seems to contain 
sequences accounting for the entire helper viral gag gene. 


p15 is the amino-terminal protein of 

the gag gene translational product 

In an attempt to determine the relative position of p15 
and p12 within the gag gene Pr65 product, the molecular 
size distribution of individual viral antigens was ex- 
amined in cell extracts of certain of the mouse virus- 
transformed cell lines described above. The results pre- 
sented in Figs 2-4 demonstrate the existence of high 
molecular weight precursor polypeptides as well as several 
intermediate cleavage products containing gag gene-coded 
structural proteins. Each transformant exhibited a 23,000- 
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Fig. 2 Molecular sizing Shromatograpiic analysıs of helper 
leukaemia virus-specific antigens expressed ın BALB-MSV- 
transformed rat cells. Twenty-five milligrams of a post-micro- 
somal fraction were submitted to gel filtration chromatography 
under denaturing conditions as described in the legend to Fig. 1. 
Dialysed fractions were tested at twofold serial dilutions ın the . 
. following competition radioimmunoassays: a, anti-AKR- 
MuLy }*J-Rauscher-MuLV pl5 assay; and b, anti-AKR- 
MuLV: }*I-AKR-MuLV pl2 assay. Results are expressed ' 
as percentages of total antigenic reactivity. Molecular weight 
standards are those described in the-legend to Fig. 1. The vertical 
dotted line represents the chromatographic position of the Pr25 
i precursor polypeptide. ae 


i 


26,000 moleculĝr weight precursor polypeptide (Pr25) con- 
taining p15 and p12 viral proteins analogous to the inter- 
mediate cleavage product of the Rauscher-MuLV ts25 
mutant (Fig. 1B b and c) The identification of this polypep- 
tide as a precursor to p15 and p12 was particularly obvious 
in BALB-MSV (Fig. 2) and Abelson-MuL V (data not shown) 
transformed cells that lacked either p30 or p10. These find- 
ings indicate that sequences coding for p15 and p12 occupy 
adjacent positions within the viral genome. 

Analysis of StL” Moloney-MSV-transformed mouse cells 
revealed the presence ‘of additional intermediate cleavage 
products involved in the synthesis of viral antigens (Fig. 3). 
These included a 58, 000-62, 000 molecular weight precursor 
polypeptide (Pr60) containing p30, p15, and p12 but not 
pl0 and-a 43,000-47,000 ‘molecular weight precursor poly- 
peptide (Pr45) containing p30 and p12 antigens’ in ‘the 
~ absence of p15 or p10. The finding that Pr60 lacks only 
p10 provides further evidence that this low molecular weight 
protein occupies the’ carboxy-terminal position in the com- 
plete’ gag gene-coded precursor polypeptide. Moreover, 
the detection of a precursor containing p30 and p12 (Pr 45), 
but lacking p15, argues for.the- adjacent location of p30 
and p12 within the gag gene product. As shown in Fig. 4, 
the results obtained' with S*L* Moloney-MSV-transformed 
-human cells provide’ additional evidence supporting this 
possibility. Cell extracts of this transformant contained 
proportionally less Pr60 but demonstrated considerably in- 
creased amounts of the Pr45 intermediate cleavage product 
containing p30 and p12, but not p15. 

The identification of the intermediate cleavage products, 
Pr25 and Pr45, led to-the establishment of two pairs of 
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adjacent proteins, p15-p12 and p12-p30, respectively. These 
findings imply that p12 is located between p15 and p30. 
Moreover, since p30 is missing in BALB-MSV- and Abelson- 
MuLV-transformed cells that express p15 and p12, the 
location of p15 must be at the amino terminal end of the 
gag gene translational product. 


Sequence and tentative mapping of the gag gene 
The present evidence utilising a Rauscher-MuLV fs mutant 
blocked in precursor polypeptide ‘cleavage indicates that the 
gag gene translational product '(Pr65) contains the major 
internal protein, p30, as well as the low molecular weight 
proteins, p15, p12, and p10 (Fig. 1). Moreover, analysis of 
the expression of helper virus-coded proteins in cells in- 
fected with replication-defective transforming viruses re- 
vealed that p10 is the carboxy-terminal protein of the gag 
gene-coded precursor polypeptide, and that p30 is adjacent 
to it (Table 2). Analysis.of intermediate cleavage products 
of the Pr60 polypeptide provided infonmation necessary for 
the relative positioning of p15 and p12 (Figs 3 and 4). These 
results led to the following sequence of the gag gene pro- 
duct: NHz-p15—p12~p30-p10-COOH. Since the viral RNA 
genome is the positive strand”, the genetic information 
contained in the gag gene would then be arranged in an 
identical manner from the 5’ to 3’ end of the RNA mole- 
cule. A summary of these findings is presented in Fig. 5. 
The sequence of the mammalian type-C viral gag gene 
was deduced from enalysis of a conditional-lethal mutant of 
mouse leukaemia virus defective in precursor polypeptide 
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Fig.3 Molecular sizing chromatographic analysis of helper 
leukaemia virus-specific antigens expressed ın SİL- Moloney- 
MSV transformed mouse cells. Twenty mg of a post-microsomal 
fraction were submitted to gel filtration chromatography under 
denaturing conditions as described in the legend to Fig. 1. 
Samples were tested in homologous competition radioimmuno- 
assays for Moloney-MuLYV: a, p30; b, p15; c, p12; proteins as 
described in Table 2. Results are expressed as the percentage of 
total antigenic reactivity. Molecular weight standards are those 
described 1n Fig. 1. The vertical dotted line indicates the elution 
positions of Pr60, Pr45, and Pr25 gag gene- toded precursor 
polypeptides. 
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Fig. 4 Molecular sizing chromatographic analysis of StL- 
Moloney-MSV-transformed human cells. The analysis of 
Moloney-MuLV helper antigens was performed as indicated in 
Fig. 3. Vertical dotted lines represent the elution positions of 
Pr60, Pr45 and Pr25 gag gene-coded precursor polypeptides. 


cleavage and several independent isolates of replication- 
defective transforming viruses. These viruses contain stably- 
associated genetic information of their respective helper 
leukaemia viruses. Specific patterns of expression of gag 
gene helper viral proteins were demonstrated in cells in- 


fected with these transforming viruses. In each case, the. 


size of the highest molecular weight precursor polypeptide 
corresponded to that expected for a helper leukaemia viral 
precursor containing only those gag gene translational 
products. Furthermore, the intermediate cleavage products 
detected in cells infected with each transforming virus 


Fig. 5 The sequence and maturation process of the gag gene 
translational product of mammalian type-C RNA viruses. 


5 ~~~ IS 3 Integrated 
m 5 pr ovirus 
gag Gene 
A 3 mRNA 
o] 
| | | 
[oe To [a0 [vio | Pr 65 
Maturation . 
process 
[m2 | 30 | p10 | 
Viral 


structural proteins 


Nature Vol. 262 August 12 1976 


were analogous to those detected in cells infected with the 
conditional lethal mutant of MuLV. The final cleavage 
products were also identical ın sizes and 1mmunological 
properties to the mature viral proteins of the helper 
leukaemia virus. These findings all argue against any drastic 
rearrangement of gag gene sequences in sarcoma as opposed 
to helper leukaemia viruses. 

Our studies of several independent isolates of transform- 
ing viruses were consistent with only one possible ordering 
of gag gene sequences on the basis of the above reasoning. 
Thus, if this gene order were to result from some alteration 
of the gag gene normally present in the helper leukaemia 
virus, this alteration must be highly specific The ability of 
different genetic variants of the same transforming virus to 
transform cells does not seem to be affected by whether they 
express particular gag gene products’. Thus, the possibility 
of a specific genetic rearrangement of gag gene sequences 
having any functional significance in the transforming virus 
seems highly unlikely. Instead, the evidence strongly argues 
that the gag gene sequence as deduced from studies of 
defective mammalian transforming viruses represents the 
gag gene sequence of the helper leukaemia virus. 

With avian type-C viruses, a different experimental 
approach has led to the following partial sequence of the 
avian gag gene 76,000 molecular weight translational pro- 
duct: NH»-p19-(p12—p27)-p15-COOH (ref. 14). The posi- 
tion of p12 with respect to p27 is not resolved. Moreover, 
another low molecular weight protein,’p10 (ref. 37) has 
not been identified within this precursor. Mapping studies of 
gag gene may make it possible to assign similar functions 
to viral proteins of avian and mammalian type-C viruses 
on the basis of their positions within their respective viral 
RNA genomes. 

Genetic mapping of eny and src genes at the 3’ end of 
the avian sarcoma viral genome’*® leaves only the gag and 
pol genes among the known viral genes that may exist at 
the 5’ end of the genome. The present evidence does not 
make it possible to assign the position of the gag gene 
within the mammalian type-C viral RNA molecule. When 
helper leukaemia viral translational products were detected 
in the virus transformed cells studied here, mowever, they in- 
variably included gag gene products in the absence of detect- 
able glycoprotein (Table 2). Moreover, one cell line 
tested, a StL” Moloney MSV transformant of human origin, 
has been shown to lack detectable viral reverse transcriptase 
as well“. These findings, together with recent reports con- 
cerning in vitro synthesis of gag gene products directed by 
35S viral RNA?” indicate that an initiation codon must 
exist at (or close to) the 5’ end of the gag gene. Thus, if the 
viral genome were to contain a single protein synthesis 
initiation site, the above information would be sufficient to 
map the gag gene at the 5’ end of the viral genome Reports 
concerning the size of the viral mRNA*™’® as well as its 
translational products’, taken together would argue for a 
single initiation site. This possibility remains speculative, 
however, and awaits further experimental verification. 
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letters to nature 


Solar neutrinos and solar - 
accretion of interstellar matter 


McCrea! has recalled the suggestions®* that the gravitational 
energy released by material accreted by the Sun from interstellar 
clouds could trigger the onset of terrestrial Ice Ages. The pur- 
pose of this' communication is to point out that if the Hoyle- 
Lyttleton mass accretion rate applies, this accretion is sufficient 
to enhance the surface heavy element abundances of the Sun 
and other solar-type stars. The enhancement may be sufficient 
to allow the construction of consistent solar models with an 
interior heavy element abundance significantly lower than the 
observed surface abundance. This condition lowers the predicted 
solar neutrino flux’, Joss® has suggested that a similar enhance- 
ment of surface abundances might occur by accretion, of 
planetesimals left over after formation of the Solar System. Both 
mechanisms may occur, thereby increasing the effect. 

In the simple, accretion model of Hoyle and Lyttleton? a body 
of mass M accretes matter at a rate 


a 


M = 2.4x10*%(M/Mo)'n(H.)V—g yr (2) 


where n(H.) is the equivalent number of hydrogen molecules 
cm~ and V is the velocity relative to the cloud in km s™. 

If the clouds with internal densities of n,(H,) are distributed 
randomly with N. clouds pe~*, and if they may be characterised 
by spheres of radius, R. pc, then the fraction of the volume of 
‘the galactic disk occupied by cloud material will be f, = 
N(4n/3)R-3. For the age, A, of the Sun, the fraction of time 
spent inside such clouds will be f., and consequently the total 
mass accreted will be 


t 


SM (MfOA = 8.2x 10 Mo <fn H) > 2) 
The product f:n.,(H,.) is the density of H, which would result 
from smoothing out clouds into a uniform density disk. It is 
important to note that to compute 6M one should include only 
those clouds for which the internal cloud densities are large 
enough to choke. off the solar wind flow and allow material to 
accrete on to the stellar surface. As pointed out below, this is 
approximately n.(H,) = 10‘ cm7?. From Gordon and Burton® 
we adopt the smoothed out density at 10 kpc from the galactic 
centre of <n(H_)> = fin. (Hz) = 0.5 cm~. This figure is based 





on H, dediiced from CO molecular lines, which require 
n,(H,)2 10* cm73, and consequently it includes the type of 
‘clouds which will cause accretion. Consequently, we obtain 


9 


Interstellar H I clouds have a turbulent velocity dispersion of 
~6.4 km s™ (ref. 7),.the mean gas velocity changes by several 
km s~ during the full cyċle of a galactic spiral density wave*, 
and the-velocity of the Sun oscillates~20 kms around its 
‘mean motion about the galactic centre. Thus one expects the 
relative velocity of the Sun and interstellar clouds to vary over 
the range 0-~ 30 km s™. For any reasonable distribution func- 
tion of cloud velocities <V-%> diverges; consequently the figure 
to use in equation (3) is dominated by rare, low velocity 
encounters. ` ' : 

To illustrate this sensitivity, consider the 37 clouds studied by 
Hobbs’. The velocity dispersion of the clouds relative to the Sun 


Bg 8M~4x10-2Mo<V-3 


‘was <V2)V2 = 15.7 km s™ (note that this figure includes the 


systematic motions as well as what would be called turbulent 
motions about the mean cloud motions observed towards each 
star). In contrast, the quantity appropriate for use in equation 
(3) is <V~3)-/3 = 3,1 km s—™. To emphasise the sensitivity to 
rare encounters of low relative velocity, if the one cloud towards 
e Aur with velocity 1 km s~ is dropped from the mean, then 
LV» Y = 5.4 km s™. ` 

It is not clear whether this sample of clouds is broad enough 
to‘determine the appropriate figure to use in equation (3), 
especially since these clouds are not the same type of objects 
which have densities of n,.(H,)210*cm~*. Nevertheless, we 
expect that the appropriate mean velocity is likely to be in the 
range 2-5 km s~ and this gives i 


8M~5x10-*to 3x10 “Mo (4) 


A crucial question which must be answered by future research 
is whether or not accretion on to the solar surface will actually 
occur. One of the most obvious obstacles is the outward flowing 
solar wind. A simple computation may be done by setting the 
dynamic pressure of the solar wind flow equal to the dynamic 
pressure of the dense interstellar gas*°. It is easy to show that 


‘for interstellar cloud densities of n(H,)~10?cm~ the solar 
_wind terminates at ~1 AU. For larger densities the heliosphere 
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is compressed further and for densities of a few 103 cm~? the 
termination is within a few solar radii of the Sun. To decide 
what occurs for higher densities requires knowledge of the 
mechanisms which affect the solar wind within its critical sonic 
point at a few solar radii. It appears that the outward flow can 
be reversed to an inward flow for cloud densities which charac- 
terise the dense H, clouds used for the estimate ın equation (5). 

If the accreted mass contains a heavy element abundance by 
mass Z,(t) and it has been continually mixed into a surface 
convection zone of mass AM, then the surface abundance of 
heavy elements will be 


f . 
Z(t) = aa enz g ; (5) 
i dto pe 


where Z, is the heavy element abundance of the star at iis time 
of formation to, and =- 





The presently observed solar Zs is ~1.5x 1072. The heavy 
element abundance of the interstellar gas-at the present time, T, 
deduced from young stars and H II regions is about the same. 
If the heavy element abundance in the gas has increased with 
time and therefore Z,(t)>Z,, then equation (5) is satisfied pro- 
viding y(T)Z 1. Standard solar-models give surface convection 
zones with AM~10-2Mo. This together with the predicted 
range for ôM given in equation (4) seems to indicate y(T) some- 
what <1. Ulrich (personal communication) has, however, 
shown that AM is even smaller if the interior abundance Z, 1s 
smaller than the surface abundance Zs. Therefore for sufficiently 
low values of Ze it seems that equation (5) will be satisfied. 

The initial. solar value Z, is difficult-to estimate. It is most 
likely substantially greater than zero. Simple models for the 
evolution of the Galaxy (for example ref. 11) suggest that 
4.5 x 10° yr ago the interstellar-gas may have had a value of Z 
at least as great as 34 the present value Z;. If these values for 
Zo reduce AM to approximately the size of 8M, then the solar 
neutrino counting rate is reduced by a factor of ~(Z,/Zs)'} 
(ref. 12) to 2 6-3.6 SNU. 

Although the precise magnitude of the effect i is still uncertain, 
it seems probable that some enhancement of the solar surfacé 
heavy element abundance must occur. Hence, it appears that 
this mechanism could significantly reduce the, discrepancy 
between the, observations and predictions ‘of solar models. 
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Solar neutrinos and 
galactic contamination of the Sun 


ONLY recently-published observations permit a useful estimate 
of the total accretion of interstellar matter (ISM) by the Sun 
since it became a main sequence star. Using measurements 
from the OAO-2 satellite, Jenkins and Savage! conclude that 
= . possibly the most secure estimate of the amount of 
hydrogen within 1 kpc of the Sun is... an overall density 
nu (total) = 1.5 atoms cm~* (in the form of protons, atoms 
and molecules)”. Using this number we suggest here a possible 
explanation of the low observed solar neutrino rate. ‘ 

Taking hydrogen to be 70% by mass gives for the density 
of ISM in units of the atomic mass of hydrogen 


` 


nœ 2 cm™? i (1) 


If the Sun of mass 2x 10°? g traverses ISM of density n at 
speed V km s~! the mass m(L) accreted in travelling L pc 1s 


m(L) = 12x 10%LnV-4 g (2) 


and the’ total mass‘ m(T) accreted in time 1T (in units of 
101° yr) is 


mT) = 1.2X 10®T<n><V-% g 6 
assuming n, V to be uncorrelated?3, Now a region of radius 
1 kpc around the Sun. seems to be quite typical along the path ~ 
of the Sun in present conditions in the Galaxy., Also the 


_amount of ISM was presumably somewhat greater in the past. 


So from equation (1) we infer that it is not‘an overestimate 
to use in equation (3) 


<n) ~ 2 . (4) 


If the Sun ıs in a cloud of ISM the relativespeed V is usually 
taken to be in the range 5-25 km s~. In equation (3) smaller ' 
values are weighted more strongly, so we take 


<V- ~ 10-3 (5) 


According to standard estimates, the Sun reached the main ` 
sequence about 5x10°yr ago. The total mass m(T = 0.5) 
accreted since then is estimated from’ Ane (3), (4) and ` 
(5) as ; i 


v 


m ~œ 10”g , (6) 


.Thıs is an underestimate because it takes no account of the 


densest parts of the ISM that produce so much obscuration 
that no stars can be seen through them. Indeed, if the Sun 
traverses even a single ‘very dense’ cloud it can accrete between 
10% and 10°! g, as follows from equation (2) using appropriate 
values of L, n, V. The Sun must have had a good chance of 
accreting some such amount-each of the ~ 50 times it has 
crossed a dust-lane associated with a spiral arm of the Galaxy. 
From all this we may safely take m to be in the range 


10” < m <10” g . (7) 


and we should not exclude still higher values. - 

On current models, the Sun has an outer convective zone 
that,. along with a region of convective overshooting 
immediately beneath it comprising altogether a mass Meonv, 
is itself kept mixed but undergoes'no mixing with material 

e 
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from the interior. Quoting R. K. „Ulrich, Joss* gives for two 
models ee 

` Za S 0.002 . Meon. = 102g. =, (8) 
Zax 0.02 Moi = 5X10%g. = (9) 


Z, is the initial heavy-element ‘aburidance by mass, here 
assumed to have the same value-throughout a model: .. 

Amongst general’ conclusions ‘from the literature’ on the 
chemical composition of the stars-are: (a) Clouds from which 
stars are-being formed at the present time have Z-values on 
average 1.5-2 times higher than those from which stars were 
formed when the Sun was born. (6) There is an intrinsic spread 
in the Z,-values of stars born about any particular time; this 
is seen especially in the work of Clegg and Bell® who find, for 
stars younger than the Sun,-a sixfold range of Zo. At present 
IMS has < Z>) ~ 0.02. Allowing’a factor 2 on account of (a) 
and 2 either way on account of (b) would give a range 


` i a 


0005 Z, < 0.02, yt ONA 


for the Sun at birth, and would not exaggerate the possible 
range. 

‘These bounds for Z 0 give, two “possible interpretations of the 
fact that the observed spectrum of the Sun gives Z ~ 0.02: 

(A) Zo % 0.005, Here’ Meany. iS near the low value in 
model (8), and this can be exceeded ‘by m in condition D. In 
that case the convective zone, is composed of accreted matter 
for which Z = 0.02. 

(B) Z)~ ~ 0,02. Here Meony having the high value in model 
©) is unlikely to be, significantly ‘affected by accretion, and 
‘accretion of ISM having Z ~ 0.Q2, would not in any case 
affect the composition. 

Case (B) is the usual standard uniform model. But from the 
present standpoint, apart from accretion, a uniform model 
With Zo ~ 0.005 is’ about as likely as one with Z, ~ 0.02; 
accretion would, however, cause (A), to show ‘the same spectrum 
as (B), There ‘could be intermediate casés, but we are concerned’ 
to demonstrate the plausibility’ of quite widely different cases. 
Bahcall et al.” predict for uniform solar models “S 


ie 


Z, = 0.002, neutrino detection rate ~ 1.4. SNU' ` (10) 
` ! t te 22 ' fs eR oF ase l 0 
` Zi = 0.02, neutrino detection rate ~ 5.6, SNU ay 


_A roughly linear dependence of’ detection’ ‘rate upon Z, near 

. Za = 0.015 inferred earlier® would have required it to go from 
5.6 to 1.4 SNU ‘if Z, goes from Za = 0.02 to Zo = 0.005. In 
view of result (10) this may not be quite correct, ‘but it 
‘shows the predicted raté to be not much ‘above-1 4 SNU if 
Z, ‘= 0.05, that is, for case (A). The result (11) predicts 5.6 SNU 
in case (B). 

As their most up- -to-date determinatión, R: Davis, Jr, ‘and 
J. C. Evans (private communication) find: 1.5 SNU as the lo 
upper bound ‘on the solar neutrino -detection rate (see ‘also 
ref. 9). We suggest as the simplést explanation of this low value 
the possibility that the Sun actually has a low heavy-element 
content, except in its convection “zone which has been enriched 
by accretion.’ 

The phenomenon of a epitderabic difference between 
surface and interior Z-values because of accretion is likely only 
for stars not much different from’ the Sun. Population IT stars 
will have space velocities that are too high for significant 
accretion to occur. Stars of smaller mass would’ have deeper 
convective zones, while’ Stars ' of much: greater mass would 
“generate H II regions tending to inhibit ‘accretion, ind would 
not be old enough for significant changes in Z to develop in the 
ISM from the time of formation. Therefore’ ‘our suggestion 
would not require any changes i in composition z X tor the eM 
e 
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from that normally assumed, either for the present period or 
when the population II stars were being formed. 

In a highly suggestive paper, Joss! has considered the 
‘possible enhancement of the heavy-element' abundances in 
stellar surfaces by the accretion of chemically’ fractionated 
matter in the form ‘of comets and planetesimals. It follows 
fairly conélusively “from, his discussion, however, that such 
material in the required quantity is not available in the case 
of the Sun: Our suggestion differs from his in a simple way, 
but it is the crucial one that we appeal only to ISM known to 
exist in the amount needed. 

Amongst possible objections is, for instance, any reason 
for the inapplicability of the simple theory of accretion; in 
particular the’solar wind might combat accretion, though ‘this 
seems unlikely to be important since heavy accretion would 
occur mainly in relatively short intense bursts. Anyhow, little 
is known about’ the cause of the solar wind or its time 
dependence’ Again there is the question as to whether the mere 
addition of material of relatively high Z-value might auto- 
matically increase the extent of the ‘convective zone, thereby 
rendering our process self-defeating. There are also known 
problems regarding particular abundances (lithium in the Sun, 
planetary compositions, to name but two) that are still un- 
‘resolved in any theory. On the other hand, were the neutrino 
observations accepted as demanding a low Z-value inside the 
Sun, this would clarify these other problems. 

This research has been: supported in part by the NRC of 
Canada:“W: H. M. thanks the Head of the Department of 
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Climatic effects ts during passage 
‘of the Solar System - 
through interstellar clouds 


Ir seems likely that the Solar System passes through regions 
where there are a large number of dense interstellar clouds as 
the compression zone of the galactic spiral density wave passes 
the Sun. When this occurs, several processes may cause signifi- 
cant changes in the climate of the Earth and other planets. We 
discuss here the influences of compression of the solar wind 
“cavity, accretion by the`Sun, and particulate input into the 
Earth’s atmosphere. The first two may produce radiation 


hazards | for life in addition to causing climate stress. ` 


Shapely! and Hoyle and Lyttleton? have discussed the idea 
that gravitational energy released by the accretion of interstellar 


material to the Sun at a rate M would enhance the solar 


luminosity. The Hoyle—Lyttleton mechanism gives an enhance- 
ment of 8L ~ M (GMo/Ro) <n(H.)/V?, where n(H,) is the 
equivalent number of hydrogen molecules per cm? and V is the 


‘velocity of the Sun with respect to the interstellar medium. In 


contrast to the small accretion rates predicted from earlier data, 
McCrea? has pointed out that there exist very dense interstellar 
clouds with n(H,) values as large as 10°-10’ cm~*, which may 
produce 8L ~ 10-*(n(H,)/10' cm—)Lo using V = 20kms—. 
Simple arguments about terrestrial heat’ balance suggest that 
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luminosity enhancements of 1% or greater will produce 
significant variations in climate. 

The spiral pattern in the Galaxy sweeps by-the Sun at intervals 
of about 10° yr, and the sharp compression behind a shock front 
is believed to initiate the collapse of some interstellar clouds 
and to induce star formation; see, for example, Shu et alt. 
The width of the compression zone corresponds to an interval 
of about 10° yr. McCrea has estimated that within each com- 
pression zone the Sun would encounter several dense clouds, 
and that the traversal of each would last about 5 x 10*yr (McCrea 
also considered how these varied times may relate to observed 
time scales for ice ages). 

Observational data are sparse, but it seems that most lines of 
sight from,the Sun encounter cloud complexes ` of CO mole- 
cules®* with emission line strengths implying n(H,) Z 10° cm™. 
Observed clouds probably have lifetimes of about 10° yr, so 
Earth is unlikely to pass through any of those. If the pattern is 
continuously maintained by cloud compression in the spiral 
shock, however, then approximately the same number of clouds 
can, be expected in the compression zone when it passes the 
Sun. This reinforces McCrea’s suggestion®® that the Sun will 
regularly encounter dense clouds, but the, number of such 
clouds and the probability of encountering very dense clouds 
with n(H.)210'cm~ is still uncertain., It seems, however, 
that encounters with clouds of n(H,) > 10° cm~? are almost 
inevitable. We have analyses (unpublished) suggesting that 
during its lifetime the Solar System has passed through at least 
45 clouds with n(H,) Z 10?'cm— and:at least five clouds with 
n(H,) Z 10? cm™. 

Dennison and Mansfield’? have discussed some of the 
observational difficulties of McCrea’s suggestion that each 
individual glaciation is caused by' passage through a separate 
cloud (there is apparently no trace of the cloud which would 
have caused the last glaciation). Those arguments, however, do 
not vitiate the general idea that passage through interstellar 
clouds may influence climate. 

When the Solar’ System moves through a cloud, the dynamic 
ram pressure will balance the outward flowing solar wind at a 
stand-off distance R, on the upstream side. Under most 
circumstances of interest V will be much greater than the sonic 
speed of the interstellar gas, so the flow will be supersonic 6n 
both sides of R,, the two flows being separated by a relatively 
thin subsonic region. The position of R, may be estimated by 
balancing the dynamic pressures of the two opposing flows. 
The solar wind dynamic pressure is approximately pe = 
myne(Re/R)* Ve? , where my is the mass of the hydrogen atom, 
ng~x7cm™ is the average density currently at Rg = 1 ‘AU, 
and Vex400 km s— is the velocity at 1 AU. The dynamic 
pressure of the interstellar gas after falling , into R is approxi- 
mately given by 


‘po = zmr v2). “u AD 


If Ris greater than the ‘accretion radius’ r,-=GMo/V?, then 
n(H.) remains approximately equal to its value at large 
distances from the Sun, and therefore Po™ constant. If R<r,, 
however, the inflowing gas density increases roughly propor- 
tionally to R2, and pgx R2, With that behaviour „the 
stand-off radius is approximately 


R.= 7501H) -uya AU S @) 


for small n(H,), where V is expressed in km s~. If „Ha is 
greater than a critical value of approximately 0.47? cm~? 
pressure balance is no longer possible and the interstellar gas 
overwhelms the solar wind. When that occurs R, ~ 1.2 x 107-2 
AU. That is altered only slightly if non-fluid behaviour resulting 
from the large mean free path of the neutral gas is considered. 

As a typical case we here adopt V = 20 km s™ for the 
velocity of the Sun relative to clouds. For that value of V the 
critical values of n(H,) and R, are about 160 cm~? and 3.0 AU. 
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In this analysis the conditions on the downstream side are not 
clearly discernible; névertheless it ıs clear that for clouds of 
n(H)>10?cm~? the Earth will be outside the solar wind 
cavity for at least part of the year. Furthermore, the flow 
becomes an accretion flow which may produce a significant 
alteration of the chemical abundances at the solar surface and, 
by implication, surface abundances of other stars as well 


‘(R.J.T. and M.J.N., unpublished). 


Observational evidence suggests that there is some mechanism 
producing a relationship between solar wind flow and cli- 
mate, One proposed mechanism is that contemporary solar 
wind modulation of galactic cosmic rays influences climate??“4. 
Consequently, the fact that the Earth would be outside the 
solar wind cavity for all or part of the year may have an effect 
on terrestrial climate. Outside the heliosphere the Earth will 
presumably be exposed to the full galactic cosmic ray flux; 
furthermore, there may be an enhanced flux in those environ- 
ments because of the supernova deaths of massive stars which 
spend their entire lives in the vicinity of the dense interstellar 
clouds from which they form., Ruderman" has discussed the 
consequences of nearby supernovae explosions for atmospheric 
ozone and terrestrial life. 

One discussion about the relationship between solar wind 
and weather has focused on the passage of the Earth through 
sector boundaries of the interplanetary magnetic field’. If those 
magnetic field discontinuities are important, then discon- 
tinuities encountered as the Earth moves in and out of the 
heliosphere should ‘also be important. . 

McCrea’s discussion ‘of the accretion luminosity 5L con- 
sidered only its magnitude. Its spectrum will be largely deter- 
mined by the temperature of the gas after the bow shock at 
R, or the accretion shock at the solar surface. The temperature 
will reach.at least 40,000 K, Which is the value the gas would 
attain by ‘converting the energy of 20km s~! bulk relative 
motion into thermal energy. The spectral character of this 
radiation will be.quite different from the normal solar.spectrum, 
for it will be mostly ultraviolet and ‘X-ray radiation: 

_ During quiet solar periods, solar radiation contains about 
1.5 10-*Lo on the short wavelength side of Lyman a (ref. 16); 
this portion governs the thermosphere of the Earth. Therefore, 


ÕL & 10~*Lo will produce changes of ordereunity both in the 


properties of the Earth’s atmosphere above about 150 km and 
in the ionsopheric regions of all planets. Solar radiation 


‘contains about. 1.5x107"Lo between 2,100 and 3, 100 A 


(ref. 16), the wavelength region influencing the stratosphere. 

The suspected relationships between observed, contemporary 
solar activity and climatic change??*1*1" suggest that relatively 
small variations in solar ultraviolet radiation input may have 
perceptible influences on climate. If a variation of 1% in 
radiative input to the stratosphere has a significant effect, then 
an accretion producing 5L~10~Zo in ultraviolet and X rays 
may have a large impact on terrestrial conditions, even though 
the change in. the total heat balance is negligible. Thus, 
moderately dense interstellar clouds with n(H,)~ 10? cm~? may 
have significant effects. The ôL ~ 10-"Lo relationship dis- 
cussed by McCrea? would have a devastating effect on the 
Earth’s upper atmosphere and perhaps cause ultraviolet fluxes 
hazardous to life.” 

Dense interstellar clouds are well known because of the 
optical obstruction caused by, dust grains about 0.2 um in 
radius. Silicate and ice particles will survive solar radiation at 
distances from the Sun of a few Ro and about 2 AU, respec- 
tively (see, for example, refs 18 and 19). Using 1% for the 
mass in grains per unit mass of H,, we estimate that once in a 


‘cloud the Earth will sweep up an average of about 6x 10° 


n(H,) g yr™ of dust. 

_ Our computations of the ajani of infalling dust show 
that it will reach terminal velocity by the time it falls.to about 
90 km altitude, and that negligible, ablation occurs. The resi- 
dence time above the tropopause is at least 1 yr. ‘This implies a 
dust loading of the terrestrial atmosphere.of about 6 x 10° tonnes 
when the Solar System is in a cloud with n(H,) ~ 10° cm,°. 
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This is about the level produced by volcanic activity, believed 
by some investigators to produce perceptible climatic changes 
through alteration of atmospheric transparency and albedo. 
This dust may also provide nucleation sites and thereby 
influence precipitation. Both processes suggest that the accretion 
of interstellar dust by the Earth will lead to global cooling and 
glaciation. The frequency of passage through such dense 
clouds is probably very low, so that the significance of this 
effect is difficult to evaluate. $ 

We estimate that during the lifetime of the Solar System the 
mass of dust grains (mostly silicon, magnesium, and oxygen) 
accreted by the Earth should have been about 1018-1018 g. Is 
there any evidence for their presence? These grains may 
contain freshly created, short-lived radioactive nuclei produced 
by supernova nucleosynthesis processes, and they may reveal 
themselves by exhibiting abundances appreciably greater than 
would be expected if the species had been decaying in isolation 
since the origin of the Solar System. Clayton?! has suggested 
that this may have already been observed in the detection of 
naturally occurring ?44Pu. Lindsay and Srnka?? have evidence 
for the accretion of interstellar dust by the Moon. 

The processes proposed here have very complex implications 
for global weather patterns. We cannot at this time evaluate 
which, if any, will unquestionably affect the Earth’s climate; 
however, astronomical influences upon climate seem to be far 
more complex and significant than considered previously. 
Begelman and Rees?? have also considered some of the ideas 
discussed here. 
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Hard X-ray observations of 


. . te 
Circinus X-1 during an outburst 
Waite the Ariel V satellite was observing in the Circinus— 
Norma region an outburst was detected from Cir X-1 on 1976 
February 15 by the rotation modulation collimator (RMC) 
experiment!. One day before the outburst began the Imperial 
e 
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‘Fig. 1 Observed spectra of Cir X-1 before (a, February 10.5- 

14.5), during (b, February 16.5-19.5) and after (c, February 

19.5-22.5) the outburst of 1976 February. O, RMC results’; 
©, OSO-7 quiet-state result?; @, our ST results. 
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College hard X-ray scintillation telescope (ST) experiment (8° 
FWHM, 26 keV-—1.2 MeV) completed a 4-d observation of this 
source and a strong signal was detected. For the following eight 
days, 1976 February 14-22, the source remained within the 
field of view, though at low sensitivity. Consequently only upper 
limits were obtained for the hard flux during the outburst and 
only a limited measure of the spectrum immediately afterwards. 
We have combined our results with the RMC results from 
reference 1 to obtain an overall view of the spectral behaviour 
of Cir X-1 during this outburst. We suggest that the large scale 
low energy X-ray outbursts of the ‘super-variable’ Cir X-1 may 
be interpreted as ccrresponding to the periodic removal of a 
dense screening gas to expose a relatively stable source with a 
power law spectrum. 

For the period before the outburst the best fit to our data (see 
Fig. 1a) is found to be the power law 


a = 14.5 E>" photons cm~ s~! keV 


Baity et al.? summarise OSO-7, balloon and rocket results at 
various times with the law 


X = 4.8 E~? £ photons cm~? s™ keV 


although they have evidence for some spectral hardening as the 
overall intensity diminishes. Also this data shows intensity 
variations by a factor of >5 at energies below 10 keV. The 
power law given by Baity'et al. also fits our data well. These 
authors provide a plot of the (7-11) keV flux at various times 
over the period 1971-1973 and note a relatively steady flux 
between outbursts of (2-8) x 10-8 photons cm~? s~ keV}. We 
therefore have included this data point in Fig. la. 

During the outburst the soft X-ray flux increased by at least 
two orders of magnitude but there is no indication of any com- 
parable increase in the flux of hard X-rays (Fig. 16). Our 
experimental points for the period following the outburst, 
although less precise, indicate that the spectrum has not greatly 
changed (Fig. 1c). The ST results in Fig. 1a and the balloon data 
of Guo et al.* from an earlier epoch do not fit a single tempera- 
ture thermal spectrum. Wilson and Carpenter’ suggest an 
absorption column density of 1022 atoms cm~? to explain their 
low energy data during the outburst. Margon et al.* during a 
previous outburst find a sharp spectral cutoff, approximately 
consistent with this value. 

Recently Kaluzienski et al.5 have reported that this source has 
a 16.5-d period with a phase consistent with the time of this 
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outburst, though we note that an earlier event reported by Buff 
et al.® does not fall on this period. 

We interpret the totality of the data by assuming that there is 
an intrinsic power law source extending to $1 keV and that 
varying amounts of cold gas change the cutoff from 2 keV to 
12 keV thereby producing the outburst. A 12-keV cutoff requires 
a column density of 2.5 x 10% atoms cm~? of ‘typical’ interstellar 
matter and the resulting spectrum is shown as a solid line in 
Fig. la. One could imagine a compact object source immersed 
for most of the time in a dense, cold stellar wind or other ‘cloud’ 
of cold material which periodically thins to allow out the soft 
radiation. An eccentric orbit binary pair is an obvious model for 
the source. 

Our results do not exclude the possibility that the absorbing 


cloud of gas could radiate by the blackbody mechanism with 


kTS7 keV and the emerging spectrum at times of low intensity 
could be a superposition of this thermal radiation and intrinsic 
source spectra. The cold cloud is, however, more plausible 
because to prevent violation of the Eddington limit the hot 
cloud would have to be no larger than a neutron star. Cir X-1 
may thus provide an extreme example of a source where large 
variations in the amount of surrounding material dramatically 
changes the spectral shape up to 10 keV or more. 

We acknowledge the help of Terence Wyatt in much of the 
data analysis and the Appleton Laboratory for satellite 
operations. 
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New H,O maser near NGC7538 


A NEW, strong, water vapour maser has appeared at the 
position of a very compact radio and infrared source near the 
HII region NGC7538. The radio source is NGC7538-B 
(infrared source IRS-1), the most intense of a group of three 
compact HII regions'~* at a distance of ~ 3 kpc from the 
Earth. The continuum source is optically thick below 20 GHz 
(ref. 5), and thus has one of the highest emission measures yet 
observed in a compact H II region. At 10 um, it has one of the 
strongest silicate absorption features known®, and this source 
and the KL nebula in Orion are the only sources in the Galaxy 
which show formaldehyde in emission at 4.8 GHz (ref. 7). 
The area has been searched many times during the past 5 yr 
without the detection of this particular H,O maser. Its sudden 
appearance may be related to the dynamics of the high-density 
shell surrounding the compact ionised region. 
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The observations were made on May 1 and 2, 1976, with the 
Effelsberg 100-m telescope, which at 22 GHz has a half-power 
beamwidth (HPBW) of 40” x 43” and, in the zenith, beam and 
aperture efficiencies of 35 % and 15%, respectively, of the entire 
100-m surface. The primary calibration source, NGC7027, had 
a zenith antenna temperature of 2.1 K and an assumed flux 
density of 5.9 Jy. The telescope pointing was determined 
relative to 3C84, 3C273, NRAOS530 and 3C454.3, to an 
accuracy of +3”. The mixer receiver had a system temperature 
of 1,000 K, single sideband, and was followed by a 384-channel 
autocorrelation spectrometer. With typical spectral resolution 
of 32 kHz (0.43 km s~) and integration time of 3 min, the 
root mean square (r.m.s.) noise was 0.6 K. The rest frequency 
of the H,O transition was assumed to be 22.23507985 GHz, and 
the atmospheric extinction to be 15% in the zenith. All of the 
observations were made at night, in clear weather. 


An area slightly larger than that shown in Fig. 1 was mapped 
with a grid of 36 points, separated by 20”. Table 1 summarises 
the properties of the H,O sources found in this map, and the 
inset in Fig. 1 shows their spectra. The southern H,O source 
has been under observation since 1972 (refs 8-12), and it 
coincides with a 1,665-MHz OH maser’? for which no 
corresponding radio continuum or infrared source has yet been 
found. The newly discovered H,O source coincides in position 
with the more northern OH source**-™ and with the very 
compact radio and infrared source. Although some previous 
workers using larger beamwidths than ours have listed the 
position of the northern OH source for their observations, it 
seems clear from the radial velocities that they were actually 
observing the southern H,O maser. Two groups?" report 
limits of 3 Jy for any H,O emission from the northern position. 
We conclude that the northern H,O source has only recently 
appeared, or that it has reappeared after a long, quiet period. 


The main component of this new H,O source has a radial 
velocity of —60.8 + 0.2 km s~ and a width to half-power of 
0.6 km s™. Like many other H,O sources, it has weaker 
components at other velocities. On our map, these components 
coincide in position to within +5” with the main feature at 
—60.8 km s™. Similarly, all of the velocity features in the 
spectrum of the southern H,O source come from the same, 
southern position. Nowhere in the map coufd we find, to a 
limit of 6 Jy, the components at —112 km s~ reported by 
Cato et al.™. 

The sudden appearance of the northern H,O source may be 
related to other unusual properties of the compact H II region. 
A schematic model of the source (Fig. 2) is as follows. 

(1) The exciting star is probably of spectral type O6, since 
both the far infrared spectrum?! and the near infrared measure- 
ments? correspond to a luminosity of 3 x 10° Lo. In contrast, the 
luminosity of the new H,O maser-is < 10~* Lo. 

(2) Surrounding the exciting star is a compact H II region 
with an angular size of ~ 1”. Its unusually high turnover 
frequency of 15-20 GHz (ref. 5) means that it is one of the 
most compact HII regions known, with an emission measure 
> 108 cm™ pc, and an electron density > 10° cm~*. At 
15 GHz (ref. 5), the H II region is 100 times weaker (0.5 Jy) 
than would be expected from its infrared luminosity. This may 
be evidence for a high density of dust within the H II region, 
which absorbs most of the ionising photons. An alternative 
explanation is that the exciting star has not yet reached the 
main sequence. 





Table 1 Parameters of the H,O masers near NGC7538 





Source Position (1950) 
New H,O maser 23h 11 min 36.6 + 0.4s a —89.4, 
; 61° 11’ 49 + 3” b 13, 
Previously known H,O maser 23h 11 min 36.4 + 0.4s a —61.3, 
61° 10 28 + 3” b 133, 


Radial velocity (line a) and line flux density (b) 





—84.4, —70.7, —60.8 (+ 0.2 (kms 
14, 10 204 (+4 (Jy) 

—58.6, —56.1, —541, —53.1, —46.6 (4 0.2) (kms7) 
48, 12, 124, 41, 24 (+4 7” y) 


a 
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Fig. 1 Location of H,O and OH masers and g 

continuum sources in the vicinity of ie 

NGC7538: a, New H,O source; b, previously g 

known H,O source; c, infrared source (IRS) El 

2; d, IRS 1; e, IRS 3; f, OH 1665/1720 MHz; D 

g, OH 1665 MHz. The positions and error bars A 

for the northern H,O and OH sources are 

the same. Radio contours are taken from 61° 11’ 00” 


Martint. Inset: Spectra of the northern 

(upper profile) and southern: (lower profile) 

H,O masers, obtained with a resolution of 
0.43 km s—. be 


ve 


61° 10’ 30” 


61° 10’ 00” 


(3) Around the ionised region is a dense shell of dust and 
neutral gas of angular size < 10”. The visual extinction through 
this shell is mag 90, and the silicate absorption at 10 um is 


Fig. 2 Schematic model of the radio source NGC7538-B 
(= infrared source IRS 1). a, Compact H II region, ne > 10° 
cm; b, shell of dust and neutral gas, my, > 10°cm=?; c, ~ 3 kpe 
to Earth; d,, 0 < 10”, diameter < 0.1 pc; da, 8 = 1”, diameter = 
10~? pc; e, zone of silicate absorption at 10 um (visual extinction 
mag 90); f, transition zone between ionisation and shock fronts 
(location of H,O masers); g, O6 star, L = 3x10° Lo. 


M 
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one of the strongest known®. From the silicate absorption, 
Willner has derived a hydrogen column density of 1.3 x 107° 
cm~?, which with his size limit of 10” for the dust shell, implies 
a number density my, > 2x105 cm~*. This density is high 
enough to destroy the anomalous refrigeration of formaldehyde, 
and to explain why H,CO is seen in emission from this source 
at 4.8 GHz (ref. 7). The agreement of density estimates from 
the silicate absorption, the H ,CO emission, and the radio 
continuum emission indicates that the compact H II region is 
ionisation bounded. 

According to current ideas??® the ionisation front of the 
compact H H region is moving into the neutral material at a 
velocity of ~ 10 km s—. The radius of the ionisation front is 
now 5x 10-3 pc, and the age of the source is < 10° yr. Ahead 
of the ionisation front, by perhaps 1” on the sky, is a shock 
front, moving through the surrounding, dense, neutral matter. 
The H,O maser features may arise in the heated region which 
has a kinetic temperature of 500-1,000 K between the ionisation 
front and the shock front. The velocity range of 30 km st 
observed in the new H,O source may correspond roughly to 
the difference between the radial velocities of the shock front 
and the exciting star. The HCO emission at 4.8 GHz and the 
OH masers at 1,665 and 1,720 MHz would come from some- 
what cooler regions in the dense, neutral shell. 

A fair amount of radio continuum, radio line and infrared 
data are now available for this source. Its geometry seems to be 
relatively simple, with a single exciting star surrounded by a 
compact H IT region and a dense shell of dust. The object may 
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therefore be a useful prototype for the study of newly formed 
O stars and H,O masers in general. 
i ; R. GENZEL 
D. Downes 
Max-Planck-Institut für Radioastronomie, 
Auf dem Hiigel 69, 
53 Bonn, FRG 
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The identity of lunar hydrolysable carbon 


Lunar soils treated with deuterated acid release a variety 
of- deuterocarbon gases . including CDa, CDs, C:Du,, 


C:D: and C; species". We now suggest that the principal - 


hydrolysable carbon phase in lunar sdmples is carbon in 
solid solution in body-centred cubic iron (@-Fe). The yield 
of deuterocarbons (excluding C:D:) from a lunar soil is 
probably a quantitative estimate of this carbon. 

The iron—carbon—oxygen. system provides a useful basis 
for the evaluation of the iron phases in lunar samples 
although this does not mean that iron in lunar soil is 
necessarily formed by equilibrium gas phase reduction. We 
have examined synthetic alloys of carbon in a-Fe, together 
with some samples of cementite (Fe;C), prepared by reduc- 
tion of pure Fe,O; in mixtures of CO and CO; at selected 
temperatures and 1 atm total pressure. The gases released 
by treatment‘with 38% DCI in D:O were analysed ‘by gas 
chromatography’. The conditions of sample preparation, 
together with X-ray diffraction (XRD) data and the yields 
of deuterocarbons, are listed in Table 1 

The yields of deuterocarbons were low from samples 
which have been shown by XRD to contain cementite (A3; 
AS, 8224) and also from sample Al which, according to 
the phase ‘diagram, should contain. this material.- The 
majority of samples, indicated by XRD to be a-Fe, release 
considerable quantities of deuterocarbons (up to 0.6% “by 
weight is hydrolysable carbon) the largest amounts being 
evolved from specimens prepared in -conditions of high 
carbon solubility. An a-Fe (8225) prepared in non-carburis- 
ing gases (H:-CO, mixtures) had only a minimal amount of 
reactive carbon. : he er 

Our results were unexpected for two: reasons. first, we 
obtained a-Fe samples in conditions which, according to the 
Fe-C-O phase diagram**, should produce the Y phase; sand 
second, the quantity of carbon present in the a-Fe is greater 
(up to 0.6 weight %) than the published solubility limit 
(0.02 weight %) of carbon in a-iron**®; Our starting 
materials were of much -higher purity than those used -to 
establish the phase diagram, and prepared samples’ were 
quenched’ after synthesis, which may allow solubility: ‘limits 
to be exceeded, 
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From the results, we conclude that iron carbides are 


-unlikely to be the hydrolysable carbon phase in lunar soils. 


Carbon in solid solution in iron, probably associated with 
a-Fe, is a more likely candidate. All deuterocarbon gases 
liberated from lunar soils, with the exception of C:Ds, can 
be accounted for by carbon in solid solution in iron phases. 
None of the synthetic samples released C:D2. In the investi- 
gation of lunar soils this species presumably results from 
hydrolysis of groups I and II metal acetylides which are 
the only carbides shown to release acetylene®’*. Since the 
suggestion? that the hydrolysable carbon phase in lunar soil 
might be the meteoritic carbide, cohenite (FeNi)sC, the 
iron—carbon phase which is the precursor of the deutero- 
carbons has been referred to as carbide, “carbide”, carbide- 
like or material reacting as carbide. On the basis of the 
present results, the use of the term carbide should be dis- 
continued, as iron carbide ‘seems to be essentially inert to 
acid attack". The only fragments of true carbide to- be 
identified in lunar fines are those recognised by micro- 
scopy". As only 1-2% of the carbon in samples of 
meteoritic cohenite could be converted to deuterocarbons 
by DCI, it has been suggested that’ almost all the total 
carbon present in lunar soils might be associated with iron” 
If the deuterocarbons released from lunar soil are con- 
sidered as a quantitative yield of C in a-Fe, then only 
15-25% of the total carbon is connected with free metal. 
The bulk of lunar carbon is presumably implanted solar 
wind atoms which exist in the silicate matrix of soil grains 
in an as yet unidentified chemical state. 

There is considerable evidence that finely divided sub- 
micron-sized iron, which is ubiquitous in lunar soils™™™ is 
the a phase. Opaque inclusions ~ 150A in diameter in 
glassy agglutinates, give a diffraction pattern consistent with 
a-Fe (ref. 15). Ferromagnetic resonance data’® imply that 
a-Fe has a low nickel content. The Curie points determined 
for iron in lunar soils'’’* (~ 770 °C) are greater than those 
for y-iron and cohenite, which are less than 600°C and 
215 °C respectively’. The ratios of Cı to C} deuterocarbons 
obtained by the Berkeley group*” from lunar soils are 
similar to the values listed for C in a-Fe in Table 1. 

Using data for carbon as CD, from 15 “unar soils’ and 
values obtained by ferromagnetic resonance spectroscopy” 
for the abundance of finely divided metal in aliquots of the 
same samples, the concentration of carbon in the: @-iron in 
lunar material can be calculated as .0.27-0.77% by weight. 
The calculated. values are in excess, of the solid solubility 
limits of C in a-Fe but are similar to the values obtained 
for our-synthetic a-Fe samples. . 

The-processes of formation of lunar metal and/or the 
incorporation of. carbon evidently allow the normally 
accepted Solid solubility limits to be. éxceeded. Perhaps iron 
grains ~ 150A in.diameter: contain: insufficient crystal 
boundaries and defects to promote the -crystallisation of 
carbide. As already stated, it is unlikely that iron in lunar 
soils was formed in equilibrium conditions. We have tried 
to reduce silicate glasses of lunar composition in conditions 
similar to those used for the preparation of a-Fe samples. 
In all cases, the amounts of CD, released from reduced 
glasses were very small: <0:05% of the glass had been 
reduced to Fe metal, even though reaction times of up to 
24 h were used. The presencé of silicate is known to require 
more strongly reducing conditions for iron formation”. The 
subsolidus reduction process, suggested’? as the origin of 
iron in lunar soil may, in fact, be appropriate only to major 
impacts which produced highly metamorphosed breccias 
containing coarse grained i iron and very Kittle hydrolysable 
carbon”. 

Of the mechanisms which have been suggested for the 
formation of metallic iron in the lunar regolith, only pre- 
ferential sputtering by the solar wind has been shown to be 
both theoretically feasible™* and practically possible®. 
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Table 1 Deuterocarbons released by DC] dissolution of synthetic iron-carbon phases 
Preparation Deuterocarbon yield pg C per g 

Sample Temp. (° C) CO in reducing gas* (%) CD, C.D, aD, Total CD,/C,D,+C,D, XRD 
Al 700 80 346 NM NM 346 — No peaks 
A3 800 90 ND ND ND ND — Fe,C 
A4 900 90 4,891 493 1,071 6,455 3.13 a 
AS 900 96 1,088 NM NM 1,088 — a+Fe,C 
8222} 800 79 2,488 527 1,230 4,245 1.42 a 
8224 800 - 100 ND ND ND ND — Fe,C 
8225 800 . 0§ 49 ND 6 55 8.36 a 
8226 800 86 1,433 285 729 2,447 1.41 a 
8227 800 84 3,976 149 1,002 5,127 3.45 a 
8228 900 86 313 41 164 528 1.53 a 
8229 900 90 1,621 733 984 3,338 0.94 ia 
8231 930 90 1,196 463 722 2,381 1.01 ‘a 
8232 900 80 908 186 437 1,531 1.46 a 
8233 800 72 947 149 310 1,406 2.06 a 
8234 700 70 2,327 530 1,368 4,225 1.23 a 
8235 900 73 113 152 53 318 0.55 a 


* Balance due to CO,, total pressure 1 atm. 

{t Average of four analyses. 

§ Non-carburising reactions conditions 1:1 mixture of H, and CO.. 
NM, Not measured; ND, not detected. ‘ 


Carbon could form solid solutions in surface layers of a- 
iron produced by sputtering in one or more of the following 
ways: (1) direct implantation of solar wind carbon into 
metal—this process is capable of producing solid solutions 
of carbon in a-iron in excess of solubility limits”®; (2) under 
the influence of sputtering, the particle surface will be 
eroded and iron at the surface will gradually reach carbon 
previously implanted by the solar wind?’; (3) thermal events 
associated with agglutination’ could induce migration of 
solar wind carbon from implantation sites to the surface 
iron”, and micrometeorite’ impacts may release carbon 
species which carburise metal on the surfaces of adjacent 
grains’. All of these suggested processes for carbon could 
be applicable to the accumulation of chemically bound 
nitrogen in lunar samples. The increased solubility of 
nitrogen in iron* would account for the greater Tetentivity 
of nitrogen™”, . 
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Implications of metal dispersion from 
submarine hydrothermal systems ` 
for mineral exploration on 

mid-ocean ridges and in island arcs 


METAL enrichments in sediments on open ocean mid-ocean 
ridge segments and in island arcs have been known for some 
time’, but, to date, no deposits have been found which are 
rich in copper, zinc and other heavy metal sulphides to a 
degree comparable to those in the Red Sea. The fact that 
concentrated brines were thought to have played an essen- 
tial role in the formation of the Red Sea metalliferous 
sediments may have inhibited the search for similar deposits 
elsewhere, because brines of the Red Sea type are unlikely 
to occur in the open ocean. The discovery at Matupi 
Harbour, New Britain, however, that high salinity is not a 
prerequisite for metal enrichment in hydrothermal] solu- 
tions’, indicates that any area of submarine volcanic activity 
has a potential for high grade metalliferous sediment forma- 
tion given suitable depositional conditions. In this report the 
dispersion of metals from submarine hydrothermal sources 
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Fig. 1 Hypothetical vertical sequence of precipitates on mixing 
of ascending metal-bearing hydrothermal solution with seawater 
beneath mid-ocean ridge crests in the open ocean. This sequence 
`~ occurs horizontally on the sea floor around hydrothermal 
centres in restricted environments like the Atlantis II Deep in 
the Red Sea and in shallow water volcanic areas, indicating that 
the nature of the environment of deposition controls the 
initiation of the depositional process. 


is discussed, and its usefulness in developing guidelines for 
undersea mineral exploration in volcanic areas is considered. 

Metalliferous sediments on mid-ocean ridges and in island 
arcs are thought to form largely as a result of hydrothermal 
leaching of the oceanic crust by circulating seawater, which 
in turn becomes both acid and reduced®’. Precipitation of 
the metals so derived gives rise to deposits which are 
characteristically rich in iron oxides and sometimes in a 
variety of other metals such as manganese, copper, zinc 
and lead; and occasionally, as in the Red Sea, include metal 
sulphides of localised distribution and very variable compo- 
sition. It is the latter which are of potential economic value. 

Evidence that mid-ocean ridge sediments vary in composi- 
tion over short distances in the open ocean, and thus may 
locally be of high grade has been obtained on the Mid- 
Atlantic Ridge at 45°N (ref. 8). The chemical variations, 
particularly in the relative dispersion of iron and manganese, 
were thought to be related partly to the proximity of the 
samples analysed to submarine hydrothermal sources of the 
metals and partly to their selective precipitation on mixing 
with seawater. Unfortunately, the implications of these 
variations, in terms of geochemical exploration, for metalli- 
ferous sediments could not be evaluated because the loca- 
tion of the presumed hydrothermal outlets on the sea floor 
were not known. More recently, the selective dispersion and 
precipitation of iron and manganese from a known hydro- 
thermal source has been noted in the FAMOUS area on 
the Mid-Atlantic Ridge (X. Le Pichon, personal communi- 
cation), and hydrothermal manganese deposits have been 
found on the Mid-Atlantic Ridge at 26°N (ref. 9). Never- 
theless, there has been no systematic study published to 
date of metal dispersion from a submarine hydrothermal 
source in the deep ocean. Fortunately, however, the likely 
nature of deep-sea hydrothermal metal dispersion can be 
deduced from studies of submarine hydrothermal systems 
in the Red Sea and off Santorini. On this basis a model has 
been constructed which attempts both to predict the most 
favourable environments for high grade metalliferous sedi- 
ment formation on the ocean floor and to aid in the location 
of the sediments. 

Metalliferous sediments of hydrothermal origin have been 
studied in both the Red Sea, and off the volcano of Santo- 
rini in the Cyclades Volcanic Arc in the eastern Mediter- 
ranean Sea. In each case there is a dispersion halo of 
metals around the hydrothermal source, showing, among 
other things, the selective dispersion of manganese from 
iron?" (Fig. 1). A similar sequence has been observed 
around hydrothermal springs debouching into Matupi 
Harbour, New Britain’. These variations probably reflect 
the well known separation of manganese from iron with 
changing pH and Eh (ref. 13). Poorly oxidised or reduced 
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acid hydrothermal solutions precipitate the metals selec- 
tively on mixing with more alkaline oxidising seawater. 
Metals other than manganese and iron also exhibit a frac- 
tional precipitation in submarine hydrothermal systems. In 
the Atlantis II Deep of the Red Sea, for example, the first 
formed precipitates on discharge of the hydrothermal solu- 
tions are heavy metal sulphides which occupy a restricted 
area of the Deep adjacent to the hydrothermal vents. 
Similarly, sulphides occur underneath the sediments rich in 
iron oxides near the hydrothermal vents in the caldera of 
Santorini’’, and immediately adjacent to fumaroles off the 
Island of Vulcano in the Eolian Archipelago, Western 
Mediterranean”. It seems, therefore, that a model for the 
complete sequence of precipitates on mixing of hydro- 
thermal solutions with seawater would include the fractional 
dispersion and precipitation of metal sulphides, followed by 
iron silicates and/or iron oxides, and finally manganese 
oxides. 

This complete sequence of precipitates has not been re- 
ported to date on mid-ocean ridges in the open ocean. The 
iron- and manganese-rich metalliferous sediments charac- 
teristic of such ridges, however, are compositionally similar 
to the widely dispersed iron and manganese oxides around 
the Atlantis II Deep where the complete sequence is ob- 
served. This suggests that the former may be the equivalent 
of the sediment in the outer zone of the Atlantis II disper- 
sion halo. If this is so, the sulphide deposits which the model 
predicts should be present in association with the iron and 
manganese oxides may occur either in restricted locations 
near to the hydrothermal vents or within the oceanic crust 
below the oxide deposits. The general physicochemical 
nature of seawater over mid-ocean ridge crests in the open 
ocean would favour the latter alternative in most cases. 
Oxidising seawater can be expected to penetrate fractures 
and fissures in the upper part of the oceanic crust leading to 
mixing with ascending hydrothermal solutions and the 
precipitation of metal sulphides before the solutions reach 
the surface (Fig. 1). Disseminated sulphides within rocks 
of the oceanic crust have been reported by several 
authors", Special conditions leading to a reducing en- 
vironment at elevated temperature, such as occur in the 
Atlantis II Deep of the Red Sea, would be quired to delay 
sulphide precipitation until the hydrothermal solutions 
debouch on to the sea floor. 

If sulphides are largely precipitated from submarine 
hydrothermal solutions within the oceanic crust, where else 
on the sea floor other than in the Red Sea and in small 
restricted embayments around volcanic islands might they 
be expected to form? One obvious locale is within the deep 
fracture zones which cut mid-ocean ridges in all the oceans 
and which often expose the aceanic crust to considerable 
depths. Deep hydrothermal circulation under these fracture 
zones coupled with the possibility of locally reducing 
conditions in narrow deep basins, could lead to the precipita- 
tion of heavy-metal sulphides. Bonatti et al.” have explained 
high heat flow in some fracture zones on the basis of sub- 
seafloor hydrothermal circulation, and have reported the 
occurrence of pyrite concretions of supposed hydrothermal 
origin. in the Romanche Fracture Zone, Equatorial Atlantic. 
In addition, Scott et al.7* have reported the occurrence of 
manganese deposits of probable hydrothermal origin in the 
Atlantis II Fracture Zone in the North Atlantic. An addi- 
tional likely locale for heavy metal sulphide precipitation is 
in the basins associated with island arcs. These can be both 
volcanically active” and sufficiently topographically diverse 
to possibly lead to a locally restricted circulation and reduc- 
ing conditions favourable for sulphide deposition. Ancient 
marginal seas associated with island arcs are thought to have 
been the environment of formation of some massive sul- 
phide deposits now exposed on land”. Iron- and manganese- 
rich sediments similar to those on mid-ocean ridges have 


been found in association with the island arc system in the 
e 
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south-western Pacific Ocean“, and submarine sulphide 
deposits may also be present. 

It is evident from the above that mid-ocean ridge fracture 
zones and island arcs warrant more attention in the search 
for ocean floor metalliferous sediments. The dispersion 
model discussed here may additionally be of use in locating 
such deposits. The dispersion halo of manganese around the 
Atlantis II Deep deposit is up to 20km in diameter even 
though the sulphide deposit itself is much smaller*. Thus in 
designing a grid sampling program to locate heavy metal 
sulphides on the ocean floor, one could look initially for 
manganese dispersion haloes on a wide-spaced sampling 
pattern, and, if located, design a smaller grid to search the 
vicinity for heavy metal sulphides. Tests of the model as an 
exploration tool are currently being conducted around the 
TAG hydrothermal field on the Mid-Atlantic Ridge at 
26°N, and in a fracture zone transecting the East Pacific 
Rise at 9°S. 

This work was supported by the NERC. 

D. S. CRONAN 


AGRG, Department of Geology, 
Imperial College, London SW7, UK 


Received May 26; accepted July 5, 1976. 


1 Bostrom, K., and Peterson, M. N. A., Econ. Geol., 61, 1258 (1966). 

2 Bostrom, K., Peterson, M. N. A., Joensuu, O., and Fisher, D. E., J. geophys. Res., 
74, 3261 (1969). 

3 Bertine, K., Geochim. cosmochim. Acta, 38, 629 (1974). 

4 om D. S., in The Sea, 5 (edit. by Goldberg, E. D.), 491 (Wiley, New York, 

4). 

SF n, J., and Lambert, J. B., Econ. Geol., 67, 25 (1972). 

é Corliss, J. B., J. geophys. Res., 76, 8128 (1971). 

? Spooner, E., and Fyfe, W., Contrib. Miner. Petrol., 42, 287 (1973). 

8 Cronan, D. S., Can. J. earth Sci., 9, 319 (1972). 

9 Scott, R. B., Rona, P. A., McGregor, B. A., and Scott, M. R., Nature, 251, 301 


(1974). 
10 Bignell R., Cronan, D. S., and Tooms, J. S., Trans. Inst. Min. Metal. (in the 


press). 

11 Smith, P. A., and Cronan, D. S., Oceanology International Conference, Brighton, 
111 (BPS Exhibitions, London, 1975). 

12 Ferguson, J., and Lambert, J. B., Econ. Geol., 67 (1972). 

13 Krauskopf, K., Geochim. cosmochim, Acta, 12, 61 (1957). 

14 Backer, H., and Richter, H., Geol. Rdsch., 62, 697 (1973). 

15 Butuzova, G., Dokl. Acad. Nauk. SSSR, 168, 1400 (1966). 

16 Honnorez, J., Honnorez-Guerstein, B., Valette, J., and Wauschkuhn, A., in 
Ores in Sediments (edit. by Amstutz, G., and Bernard, A.), 139 (Springer, 
Berlin, 1972). , 

17 Baturin, G. N., in The History of the World Ocean (edit. by Zenkevitch, L. A.), 
259 (Nauka, Moscow, 1971), 

18 me L. V., Barsukov, V. L., and Udintsev, G. B., Geochemistry, 8, 935 

19 Bonatti, E., Hongorez-Guerstein, B., and Honnorez, J., Econ. Geol. (in the 


press). 

20 Bonatti, E., Honnorez-Guerstein, M., Honnorez, J., and Stern, C., Earth planet. 
Sci. Lett. (in the press). 

21 Scott, R., Rona, P. A., Butler, L. W., Nalwalk, A. J., and Scott, M. R., Nature, 
239, 77 (1972). 

22 Weissel, J. K., and Watts, A. B., Earth planet. Sci. Lett., 28, 121 (1975). 

23 Taylor, G., Trans. Inst. Min. Metal., 83, 120 (1974). 

24 Bertine, K., Geochim. cosmochim. Acta, 38, 629 (1974). 

25 Bignell, R., Cronan, D. S., and Tooms, J. S., Trans, Inst, Min. Metal. (in the 
press). 





Observation of the interference 
of neutrons reflected from thin films 


DurRING measurements of the reflection of neutrons from 
metallic thin films, we have observed an optical interference 
phenomenon analogous to the interference of light reflected 
from plane parallel plates; the experimental arrangement is 
the neutron analogue of the Lummer-—Gehrcke interferometer’. 

A simple application of Snell’s Law? predicts the essential 
features of the effect, which is illustrated in Fig. 1. We recall 
that neutrons of wavelength à incident at glancing angles 
6,, on a material characterised by a mean coherent scattering 
length 6 and with a density of scattering centres N, undergo 
total reflection when 6, < Re (0.) where the critical glancing 
angle 6. is given by* 


0. = à (Nb/n)' (1) 


The refractive index n, of the film material may be written as 


n, = 1—0.?/2 (2) 


Substrate 





Fig. 1 Reflection of neutrons from a plane parallel plate. 
n, and n, are the refractive indices in air and in the thin film 
respectively. (Note that for neutrons 8, < 6,, in contrast to the 
case for light.) Angles are greatly exaggerated for clarity. 


Since b may be positive or negative, ną may be larger or 
smaller than 1. From classical optics, the path difference for 
beams A and B can be shown to be 


A = 2d(6,?—6,*)' (3) 


As there is no phase change for the reflection of neutrons, the 
condition for constructive interference is given by 

=m (where m = 0, 1,2...) 414) 
For positive values of b, m = 0 corresponds to the limit for 
total reflection, and interference fringes will only be observed 
when 0, > 0.; for negative values of b, interference is possible 
at all glancing angles. From equations (3) and (4) we see that 


at a given angle of reflection 6,, intensity maxima will occur 
when 


= Seto.) (5) 


This analysis determines only the relation between 6, and A at 
the intensity maxima, and is unaffected by multiple reflection 
effects. 

Interference fringes were observed by reflecting a narrow 
(l-mm wide), well collimated (divergence = 1.5x 10~* rad) 
neutron beam from thin metallic films evaporated on to plane 
glass substrates. The film materials used (Be and a magnetised 
Coo. Feo. 5 alloy) have critical glancing angles greater than that 
of glass, thus ensuring that substrate reflections do not con- 
tribute to the interference peaks. At angles of incidence 
6, > 0. interference fringes will be observed at wavelengths 
which satisfy equation (5). For the magnetised material 


Fig. 2 Interference fringes measured for neutron reflection 

from a magnetised Coy; Feo.; thin film. The wavelength 

spectrum of the incident beam is shown dashed (not to scale) 

for comparison. 4* is the critical wavelength (equation (1)) 

above which all neutrons are totally reflected at this incident 

angle (6, = 1.5x107* rad). A represents the wavelength 
resolution. 
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b (equation (1)) is replaced by (6+p) and (b—p) for the two 
neutron spin states in the incident beam, where p is a magnetic 
scattering length, and where |b|~ |p| it is only for the (+) 
neutron spin state that n, differs significantly from unity. This 
situation exists for the magnetised alloy we used, therefore the 
neutrons detected in the interference peaks for this thin film 
are also spin polarised. 

The experiment consisted of reflecting a polychromatic 
incident beam (mean wavelength 24, = 0.7 nm) at a fixed 
angle 0,, and analysing the wavelength spectrum of the reflected 
beam by the neutron time of flight method. The measurements 
were carried out on the IN11 instrument at the High Flux 
Reactor, Institut Laue-Langevin, Grenoble; the angular 
resolution 60/0, was 1% and the wavelength resolution 
5A/2A5 was 5%. 

Figure 2 shows the time of flight data observed for a magnet- 
ised Coo, sFeo., film of thickness 100+-15 nm (as measured 
by a quartz crystal thickness monitor) at 0, = 1.5 107? rad. 
Fitting equation (5) to the measured fringe positions gave a 
‘best-fit’ thickness d = 88+5nm, in agreement with the 
thickness measured during the evaporation of the film. 

The wavelength spectrum of the incident beam (see Fig. 2) 
limited our observation to four orders of interference. For the 
beam divergence used, and assuming that the film thickness is 
completely uniform, the Heisenberg Uncertainty Principle 
requires the neutron coherence length in this example to be at 
least 70 nm; it should therefore be possible to observe inter- 
ference fringes to much higher orders than are reported here. 
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Optical methods to select 
diamonds of very high lattice perfection 


We describe here recent developments which permit the 
selection of diamonds very free from strain by purely 
optical inspection. Figure la shows the edge of a diamond 
slab which chipped while being polished, and Fig. 1b the 
same slab viewed between crossed polars’. The birefringent 
pattern indicates a region of strain centred near the crack, 
and a dark area where the chip has come away relieving 
the strain. This type of strain birefringence is, of course, 
well known, and by carefully selecting diamonds on the 
basis of their birefringence it is possible to obtain stones 
for tools with a superior resistance to chipping. For 
example, the six similar tools in a wear experiment des- 
cribed by Casey and Wilks? were chosen in this way, and 
wore steadily without any chipping. Bell, Wilks and Wilks’ 
have described how the resistance of a diamond to cracking 
and chipping may be estimated by measuring the load on a 
smal] diamond sphere required to produce a ring crack on a 
flat diamond surface. In these experiments, measurements 
on a diamond slab chosen to be free of birefringence gave 
consistent values of the fracture load which were about 
twice as high as those on another slab which showed 
marked birefringence. 

Minimal birefringence is an obvious requirement for 
strain free stones, but a more critical selection can be made 
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Fig. 1 The polished face of a slab of diamond viewed a in 
incident light, b between crossed polars ( x 36). 


by inspecting the natural octahedron surfaces of a diamond 
using phase contrast or Nomarski interferénce techniques. 
This method had its genesis in an observation’ of a good 
quality gem octahedron which exhibited a small group of 
very shallow pyramidal depressions, or trigons, situated 
somewhat away from the centre of each face. The fact that 
the three lines joining the centres of opposite groups of 
trigons met approximately in the same internal region of 
the diamond, suggested the presence of an inclusion, from 
which dislocations spread out to the surface, where they 
gave rise to the trigon etch features. This interpretation was 
subsequently confirmed by Frank and Lang’ using X-ray 
topography. The presence of trigons on a natural face is 
thus a further indication of internal strain, and subsequent 
experiments by Wilks and Wilks® showed a marked cor- 
relation between the density of trigons and the degree of 
birefringence. A third indication of lattice imperfection is 
that carefully polished cube faces of diamond containing 
impurities deposited on octahedral planes during growth 
often exhibit rectangular markings or traces where these 
planes of impurities intersect the surface’. In fact, we have 
never observed any such traces on diamonds selected to 
have minimum birefringence and freedom from trigons*, 
Perhaps the most refined selection of strain free diamonds 
yet made is our recent selection of diamonds for targets for 
the production of polarised photons in the 5-GeV electron 
synchrotron NINA of the SRC Daresbury Laboratory, as 
described by Jackson". To produce polarised photons, the 
diamond must be oriented so that the synchrotron beam 
makes an angle of ~ 2X10™° rad with a set of lattice 
planes in the diamond, with an accuracy of better than 


10° rad. It follows that any local misorientations of the 
o 
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diamond lattice must be -small compared with 2x 10™° rad, 
but natural diamonds frequently show lattice curvature of 
this order. The first stone selected by our optical inspection 
had a curvature as indicated by an X-ray rocking curve 
analysis of <5 x 107 rad, and was the first diamond to give 
a satisfactory beam of polarised photons at Daresbury’. 
Subsequently two more diamonds selected in the same way 
have met the same. stringent requirement of producing a 
satisfactory beam of photons. Of course, to obtain such a 
degree of perfection it is necessary to use high quality 
optics and to make the selection from a large sample of 
diamonds. 

I thank De Beers Industrial Diamond Division for their 
support, and Mr W. F. Cotty for discussions. 
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Ordered states in 
systems of macroscopic particles 


One of the most striking observations of systems consisting 
of macroscopic particles (~ 1 um in diameter) dispersed in 
a uniform background, is that in certain circumstances the 
particles can form themselves into an ordered or solid-like 
array. The importance and significance of these structures 
to a wide range of materials, including virus suspensions, 
soils, lacquers and latices, was recently discussed quite 
extensively by Efromov’. In recent years this has also been 
the subject of considerable experimentation on well 
characterised polystyrene latices?”*. We have developed a 
theoretical model for a stable colloidal dispersion® in which 
this disorder—order transition in a system of macroscopic 
particles is treated as the analogue of the fluid-solid transi- 
tion in molecular materials. This theoretical approach shows 
that this ordering is a consequence of the repulsive forces 
between the particles. We show- the more detailed features 
of the structure of the disordered and ordered phases of 
systems of colloidal or macroscopic particles. 

Briefly, the model replaces an infinite system of. inter- 
acting particles by a small (32 or 108 particles) periodic 
system. The interaction’, consisting of a combination of 
van der Waals’ attraction and double layer repulsion, is 
assumed to operate between all possible pairs of particles 
in the system. The properties of the system, such as excess 
pressures, internal energies and radial distribution functions, 
are then obtained by Monte Carlo averaging over the likely 
configurations of the particles. The results obtained are very 
similar to the, measured properties of aqueous polystyrene 
colloids*'’; thus the model is at least qualitatively correct. 

One significant advantage of the Monte Carlo model, 
over perhaps more expedient but less exact approaches’, is 
that it enables one to obtain much finer details of the 
structure of a system than can be obtained experimentally. 
For example, one cannot only calculate the experimentally 
accessible radial distribution function, but also the higher 
order distribution functions®® and, even more interestingly, 
typical configurations can ‘be displayed with the Monte 
Carlo model”. . weg g 

We have chosen a colloidal system consisting of spherical 
particles of diameter 595 nm with a surface potential of 
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Fig. 1 Two-dimensional projection of a typical Monte Carlo 
(MC) configuration for a volume fraction @ = 25% and con- 
centration of monovalent LL background electrolyte n = 0.5 

mol m—™. . 


60 mV, dispersed in an aqueous electrolyte (relative per- 
mittivity of 80) at room temperature’. The results of the 
Monte Carlo model at electrolyte concentrations of 0.5 
mol m7 and 0.05 mol m™ will be discussed. 

For the higher electrolyte concentration the particles 
form an ordered array (face-centred cubic (fcc) ) for per- 
centage volume fractions, p, in excess of 43%. This may be 
seen from the radial distribution functions, g(r), calculated 
for the respective volume fractions at this electrolyte con- 
centration’. To demonstrate what this gross structure 
indicator, g(r), is showing, we display typical particle con- 
figurations for y=25% and y=50% in Figs 1 and 2, 
respectively. (In these diagrams we have drawn only those 
particles whose centres lie in a slice of thickness approxi- 
mately equal to one particle diameter.) As may be seen, the 
system of particles at the higher volume fraction is indeed 
ordered and nearly conforms to a perfect fcc structure 


Fig. 2 Two-dimensional projection of a typical MC configuration 
7 for ọ = 50% and n = 0.5 mol m=: 





572 





Fig. 3 Two-dimensional projection of a typical MC configuration 
for ọ = 25% and n = 0.05 mol m~?. The dashed circles repre- 
sent the effective particles. 


with a particle surface to surface separation as one would 
expect in a microscopic crystal. On the other hand, no 
such ordering is evident for the system of particles at the 
lower volume fraction. 

At the lower electrolyte concentration (0.05 mol m™°) the 
particles change to an ordered state at ~ p=25%. Figure 
3 shows the distribution of particles for this case for 
y=25%. Again, an almost regular fcc arrangement is in- 
dicated but now with a particle surface to surface separation 
of ~ 280nm. As one lowers the background electrolyte 
concentration the particles order themselves at progressively 
lower volume fractions. 

The reason for this behaviour is that the bare particle 
diameter is not a' good indicator of the real size of the 
particle. Rather, the effective size of the particle is that of 
the particle plus the effective thickness of the attached 
double layer, the latter being a measure of the range of. the 
repulsive potential acting between the particles. In terms of 
this effective diameter the properties of the system, includ- 
ing the disorder-order transition, can be very simply 
accounted for by means of a hard sphere model”. Some 
simple criteria exist for calculating the effective hard sphere 
diameter and Fig. 3 shows the effective particles superposed 
on the real particles. The effective volume fraction of the 
system is ~ 50% with the mean surface to surface separa- 
tion of the effective particles ~ 25 nm (see Fig. 2). 

One final point to be made is that the exact lattice type 
observed for the ordered phase will depend strongly on the 
interparticle potential, particularly on its range. 

In conclusion, it is hoped that this short article has 
demonstrated the power of machine methods to explore 
and display the structure of physical systems in general, 
and that it will be used more in the future to help visualise 
and understand the fascinating properties of colloidal 
dispersions, in particular. 
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Polymer effects on microjet 
impact and cavitation erosion 


THERE is a growing interest in using high molecular weight 
polymers as additives in various fluid-engineering systems. 
These activities are mainly stimulated by the anomalous drag 
reducing characteristics some high polymers exhibit in turbulent 
flows!. Early experiments also showed that polymeric additives 
suppress flow-generated cavitations®*. An interesting question 
may therefore be raised as to the effects of high molecular weight 
polymers on cavitation erosion. We report here attempts made 
to examine such effects on static vibration-generated cavitation 
and flow cavitation. 

It 1s generally accepted that in cavitation erosion the main 
damage results from the collapse of single cavitation bubbles 
near the solid surface. In such a collapse an inward moving 
microjet is always formed against the solid surface* and the 
damaging effect of the microjet with velocity as high as 130 ms 
impinging on the surface’ has been confirmed’. It was proposed 
earlier? that polymer viscoelastic effect might introduce very 
high stresses by stretching the fluid, and consequently the forma- 
tion of the microjet might be retarded. It was not, however, 
realised until recently that the development of such high stresses 
requires substantial flow time®. In the case of a microjet, 
although the jet velocity increases rapidly to apply a strong 
stretching to polymer molecules, the flow time involved is only 
~10-*s, considerably shorter than polymer relaxation times 
(~10-* s). Therefore one may have to expect that any polymer 
effect on microjet formation and thus cavitation erosion would 
be minimal. e 

Recently, Ashworth and Proctor® reported the results of 
standard vibratory tests in solutions of a hydrolysed polyacryl- 
amide, where the cavitation erosion rate is increased. They also 
showed that the viscous effect was not responsible for the 
increased damage because, in a water—glycerol mixture, the 
cavitation damage was actually decreased greatly. While no 
indication of the possible mechanism was given, the result of 
increased damage was‘considered to be analogous to that of 
enhanced jet-cutting in polymer solutions’. Some remarks will 
now be offered with regard to this proposed analogy. ' 

First, the high speed liquid jets for jet-cutting operations 
have very high Reynolds numbers and are therefore turbulent. 
In these applications fluid momentum is converted into stagna- 
tion pressure to’erode away the solid material. The ‘effect of 
polymer in this case is mainly to introduce improved local 
stability to prevent small scale jet breakup. The result is that the 
turbulent jet possesses Jess violent appearance, higher velocity 
and longer throw". In the case of cavitation microjet, however, 
because of their extremely short lifetime and small physical size, 
instability-type disturbances would not have enough time to 
grow so the laminar flow prevails. The damage caused by the 
microjets is perhaps of an impact nature, characterised by the 
water-hammer pressure, estimated® to ‘be as high as 600 atm. 
This most impressive stress is sufficient to crack the solid to 
initiate subsequent material removal, and is in direct contrast to 
the gradual ‘chew-away’ actions in turbulent jet-cutting. This 
consideration is further shown by the liquid viscous effects. In 
the case of jet-cutting, Semerchan?? demonstrated that a system- 
atic increase in viscosity causes the jet forces to increase 
‘accordingly. But in the more viscous glycerol-water mixture 
cavitation erosion rate was lower as compared with the wateg 
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Fig. 1 Schematic representation of collapsing travelling bubbles 
approaching a stagnation point. 


case’. This clearly suggested that the nature of the microjet is 
different from that of the turbulent jets for jet-cutting and the 
erosive activity of microjets is less intensive in a more viscous 
environment. 

The explanation for the, observed increase in cavitation 
erosion rate in polymer solution may still have its origin in 
polymer viscoelasticity. A deformational process in polymer 
solutions may be characterised by the relative scale between the 
duration of the deformation process and the polymer relaxation 
time. If the deformation time is sufficiently long, the polymer 
molecules adjust readily to the new deformed state. But if the 
duration of the deformation is much shorter than the polymer 
relaxation time, not enough time is allowed for- the polymer 
molecules to adjust themselves and the material can only 
respond in a ‘solid-like’ elastic fashion. Since in the case of 
cavitation microjet the time scale is only ~10-*s and much 
shorter than polymer relaxation time (~ 10~°? s), it is expected 
that the polymer jet impinges on the wall with more solid-type 
impact than the water case. This additional impact stress may 
be briefly developed. 

Consider a simple viscoelastic model for rapid deformation?’ 
where the total stress t is 


t= —pl + GBOAL+2KIBO At +S BOA + ere 


where B™ are deformation tensors defined as 
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G and K are the material moduli, and At represents the very 
short duration of deformation. For an axial motion with 
velocities 
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it can be readily shown that 

Tir = —p + 2GyAt+ (8K — 2G)y2A2 
For extremely small At (~ 10— for the interest here) as 
compared with polymer relaxation time (~ 10-3), we may 


approximate 


Tii = —P + GyAt 
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A modified Bernoulli equation may be written as 


Í pU? — tu = 5 pU? + p — 2GyAt = 


where po is the pressure in a quiescent reference state of 
uniformity. Compared with the Newtonian case 


Í py? = 
5 PU + PN = Do 


one observes that the difference represents an additional impact 
stress (or pressure) 


Ap = p — Pn = 2GyAt 

This term, which may be responsible for the increased cavitation 
erosion effect in polymer solution, is proportional to the 
elasticity of the liquid represented by an elastic modulus G, 
which normally scales with polymer concentration c and 
molecular weight like c[n] if [n] is the polymer intrinsic viscosity. 
This is in agreement with the observed result that the cavitation 
erosion rate is slightly higher in 1,000 p.p.m. solution than in 
100 p.p.m. solution®. 

Finally, while the results of Ashworth and Procter were 
obtained in a static vibratory-test system, it is noted that the 
cavitation fields occurred in most actual engineering applica- 
tions are involved in a flow system. It is known® that only one 
out of 104-10" cavitation bubbles that are swept into a stagnant 
flow region seems to collapse adjacent to a solid surface and 
actually produces a damage pit (Fig. 1). Therefore the effect of 
flow behaviour is extremely important to this highly selective 
collapse process in causing damage. The suppression of flow- 
generated cavitatior. has been attributed primarily to higher 
viscoelastic stresses built up near the nose of a blunt body?. 
Similarly, it may be expected that a proper application of the 
polymer additives may introduce higher stresses in the stagna- 
tion region which would lead to the following consequences. 
First, for a bubble travelling along the stagnation line, a higher 
external pressure would cause the bubble to collapse faster, and 
the chance for the cavity to be carried towards the surface is less. 
Second, for bubbles travelling along paths close to the stagna- 
tion line, higher stresses in the stagnation zone cause them to be 
repelled away from this region to take either path A or B shown 
in Fig. 1. A cavity that takes path A would be somewhat 
against the flow and quickly collapse in the liquid, causing 
practically no surface damage. On the other hand, a cavity 
following path B would be swept away downstream so that it 
would never come close enough to the surface to cause damage. 
Consequently, a reduction in flow-cavitation erosion may be 
expected. Experiments studying polymer effects on cavitation 
collapse and erosion in a flow system would be of some interest, 
and efforts along this line are now under way at this laboratory. 
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Leaf cultivar influences 
composition and ripening of apples 


Pomo.ocicaL literature contains two reports of the 
influence of grafted scions on the size, colour and ripening 
season of apples borne on the stock portions of topworked 
trees’? The experiment reported here, initiated as part of 
of a larger study of apple ripening control mechanisms, 
confirms those reports. 

Buds from a Lodi apple tree were grafted into branches 
of several Golden Delicious apple trees. When the Lodi 
scions bore fruit, half the scion branches were defoliated in 
early July, one month before the normal Lodi ripening 
season. Thereafter, these Lodi fruits received synthates 
translocated from Golden Delicious leaves. In late July, 
gas-sampling tubes (8mm in diameter X 40mm) were 
secured with grafting wax to the intact calyx ends of these 
Lodi fruits; the open end of each tube was fitted with a 
serum cap. Similar tubes were also secured to Lodi fruits 
borne on the other scion branches which still had Lodi 
leaves attached. The atmosphere inside the gas-sampling 
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located a few side branches below the Lodi graft unions. 
A similar procedure was followed in mid-September for 
limbs bearing Golden Delicious fruits. 

Lodi fruits were judged to be ripe when the ethylene in 
the gas-sample tubes reached 10p.p.m. or higher; or when, 
in a few cases, the fruits abscised or split open. Golden 
Delicious fruits, which ripen with lower levels of ethylene, 
were judged to be ripe when ethylene in the gas-sample 
tubes was 4.5 p.p.m. or higher. The data (Fig. 1) indicate 
that Lodi and Golden Delicious apples fed with synthates 
translocated from Golden Delicious leaves ripened 5-7 d 
earlier than comparable apples fed with synthates trans- 
located from Lodi leaves. Although the source of the 
synthates influenced the time of fruit ripening, the source 
of the synthates did not seem to influence the level of 
ethylene in the apples once they began to ripen on the tree. 

During the Golden Delicious ripening season, red stripes 
appeared on fruits fed with Lodi leaves. An analysis of skin 
composition indicated that, in comparison with similar fruit 
fed with Golden Delicious leaves, fruit fed with Lodi leaves 
contained higher levels of anthocyanin and flavonols, but 
similar levels of soluble carbohydrates, starch and flavolans 
(Table 1). 


LL 


Table 1 Skin composition of Golden Delicious apples from girdled limbs fed with synthates from Golden Delicious or Lodi leaves 
ep S A ee ta PGS sy ee ee ae ice eet te ae et 


Soluble 
Leaves carbohydrate Starch 
(mg cm~?) (mg cm~*) 
(4) (4 
Golden Delicious 3.0 0.69 
Lodi 2.9 0.75 


SA 


Flavolans 
as monomers 
(umol cm~?) 

(5) 


Flavonols 


Anthocyanin 
(nmol cm~?) 
(6) 


(nmol cm-*) 
(5) 


0.84 47.9 0.95 
4.09 101.0 0.90 





Reference numbers in parentheses. 
tubes equilibrated with apple internal atmospheres. A 1-cc 
syringe was used on alternate days to withdraw gas samples 
from the tubes and ethylene present in the samples was 
determined as described previously’. The ethylene analyses 
indicated the Lodi apples fed with synthates translocated 
from Golden Delicious leaves ripened slightly earlier than 
Lodi apples fed with synthates translocated from their own 
leaves. 

In the second season, ‘half of the Lodi-fruited branches 
were girdled in early July to prevent translocation of syn- 
thates from Golden Delicious leaves. On the same date, all 
the leaves wére removed from the remainder of the fruited 
Lodi limbs.,Lodi fruits on defoliated limbs received syn- 
thates translocated from Golden Delicious leaves. To ensure 
comparable accumulation of Golden Delicious leaf synthates 
in Lodi apples on the defoliated scions, bark girdles were 


Fig. 1 Ripening of a, Lodi and b, Golden Delicious apples 

borne on limbs fed with synthates from Golden Delicious (x) or 

from Lodi (O) leaves. In each of the four treatments there was a 
total of 16 fruits on 6-10 trees. 
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In summary, our analytical study verified orchard obser- 
vations made in 1880 and 1927 that the cultivar of apple 
leaves: may influence the composition and the time of 
ripening of apple fruits. ; 
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Watering converts a CAM 
plant to daytime CO, uptake 


Turee different photosynthetic options have been identified in 
plants!*?: (1) most plants have the reductive pentose phosphate 
or C, pathway, where CO, is incorporated into ribulose-1,5- 
diphosphate (RuDP) to yield two molecules of 3-phospho- 
glyceric acid, a three-carbon compound; (2) the C, mode, 
where the first photosynthetic products are four-carbon 
dicarboxylic acids like oxaloacetate and malate formed follow- 
ing CO, incorporation into phosphoenolpyruvate (PEP); and 
(3) crassulacean acid metabolism (CAM), found in many 
succulent plants growing in arid regions. In the last, stomatal 
opening and net CO, uptake occur at night, CO, being incor- 
porated by way of PEP carboxylase into organic acids. The 
tissue acidity decreases as the organic acids are decarboxylated 
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during the day, when the internally released CO, is prevented 
from leaving by the closed stomata. The water vapour concen- 
tration difference between the tissue and ambient air is less at 
night, and thus the night-time stomatal opening of CAM 
plants leads to overall water conservation. For example, the 
water lost per CO, fixed averages about sixfold higher for C, 
plants and tenfold higher for C, ones than for CAM plants in 
natural conditions?. The net daily CO, uptake by CAM plants 
is less than for C, or C, plants, so CAM plants tend to be 
relatively slow growing. 

We investigated the results of giving CAM plants an adequate 
water supply, thereby obviating the need for water conservation 
and show that this leads to their conversion to daytime CO, 
uptake. We used Agave deserti Engelm. (Agavaceae) plants, 
which are common in the sandy soils of the Colorado, Mojave 
and Sonoran deserts*, and experimented on plants maintained 
in a glasshouse so that the watering regime could be controlled. 
Gas exchange was measured with a Siemens null-point closed- 
circuit flow system*® with a Cambridge Systems EG&G 880 
dew-point hygrometer for measuring water vapour concentra- 
tions and a Beckman 315A infrared gas analyser for CO, 
concentrations. At about weekly intervals, the distal end of an 
attached leaf representing about 100 cm? of surface area was 
sealed into the leaf chamber and maintained under natural 
illumination for a determination of gas exchange over 24 h. The 
resistance for water vapour diffusion from a leaf (Rwy) equals 
the concentration of water vapour within a leaf (assumed to be 
the saturation value at the leaf surface temperature) minus the 
water vapour concentration in the leaf chamber, divided by the 
measured rate of water vapour loss per unit leaf area. To 
measure leaf acidity®’ approximately 4 g of leaf tissue were 
removed with a cork borer, ground in 100 ml of distilled water, 
boiled for 5 min, and then filtered. Two 40-ml aliquots were 
titrated to an endpoint of pH 6.4 using 0.011 N NaOH. For 
determination of PEP and RuDP carboxylase activities, each 
gram of freshly removed leaf tissue was ground in 5 ml of 
0.2M HEPES buffer (pH 8.0), 1mM Na-EDTA, 1mM 
dithiothreitol, and 40 mg ml~! polyvinyl pyrrolidone; enzyme 
activities were assayed by following the conversion of KH“CO, 
into stable products’. Soil water potential (Y011) was measured 
daily with a Wescor HR 33 dew-point microvoltmeter and PT 
51-05 soil thermocouple psychrometers. 

Four plants were potted in the field when no natural stomatal 
opening was occurring (Yso: < —90 bar, where 1 bar = 10° 
Pa). Yos was then raised to —0.1+0.1 bar, which induced 
night-time stomatal opening After two weeks in a wet soil, 
CAM-type stomatal movements (Fig. la), a night-time CO, 
influx (Fig. 1b), and diurnal variations in the tissue acid level 
(Fig. 1c) were clearly evident. After four more weeks with a wet 
soil, the stomata remained open in the morning; the net CO, 
influx was 0.24 nmol cm~? s™ at 0900 and did not cease until 
1130. After a total of 12 weeks with a ‘Y,.., maintained at 
—0.1+0.1 bar by daily watering, the night-time stomatal 
opening was replaced by a daytime opening, characteristic of 
C, and C, plants (Fig. 1a). Net CO, uptake (97% of the daily 
total) now occurred during illumination (Fig. 1b) and there was 
little diurnal change in tissue acidity (Fig. 1c). Allowing the soil 
to dry for 3 weeks caused the plants to revert to a more-or-less 
normal CAM mode with night-time stomatal opening and 
daytime closing. - 

When the plants were exhibiting photosynthesis primarily 
during the daylight hours and there was an apparent lack of the 
circadian fluctuation of organic acids, some form of either the 
C, or C, photosynthetic pathway was presumably being 
followed. The vascular tissue of A. deserti seemed to have a 
bundle sheath containing chloroplasts, but the cells were not as 
conspicuous as for most C, plants. Measurements of PEP 
carboxylase and RuDP carboxylase indicated a ratio of the 
activities similar to that observed for C, and CAM plants}. For 
-samples taken at 1200 from a plant exhibiting daytime stomatal 
opening, the PEP carboxylase activity was 1.01 umol CO, fixed 

eP B wet weight per min compared with 0.080 for RuDP 


Leaf water vapour resistance 


Titratable acidity 
(uEq cm7?) 
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carboxylase. In the CAM mode (at 0000) there was also high 
PEP carboxylase activity relative to the RuDP carboxylase 
activity (0.80 as against 0.078 umol per g wet weight per min). 
Whether the CO, assimilation in the light involves primarily 
PEP or RuDP carboxylase remains to be determined..The CO, 
compensation value measured at 1200 during daytime CO, 
uptake for plants at 17 °C in saturating light conditions and 
21% O, was relatively high (an average of 88 pl1~* for three 
experiments). This is not characteristic of C, plants (CO, com- 
pensation point generally less than 10 pl1~ (ref. 9)), but is 
similar to CO, compensation points for C, plants. 

The maximum Rw for A. deserti was twofold greater in the 
CAM mode (~ 300s cm~, Fig. la) than for the daytime CO, 
uptake, indicating a tighter closing of the stomata when water 
conservation is more critical. The daytime stomatal opening did 
not produce a much greater maximum rate of photosynthesis 
than the CAM night-time opening (0.63 compared with 0.57 
nmolcm-?s~, Fig. 1b). These maximum rates are two- to 
sixfold lower than those for conventional C, and C, plants’, 
primarily because of the rather high resistance for the gas phase 
part of the pathway for A. deserti (minimum Rwy of about 


Fig. 1 Conversion from crassulacean acid metabolism (CAM, 
A) to daytime CO, uptake (O) after watering Agave deserti. Gas 
exchange data were obtained in identical conditions using 
attached leaves 2 weeks (CAM) and 12 weeks after raising ‘sou 
from < —90 bar to —0.1 bar. Acidity was determined for leaves 
on a companion plant showing the same stomatal movements. 
Air in the leaf chamber was maintained at 17.0+-0.4°C and 
5.00.1 pg HO cm~. Illumination was provided by natural 
sunlight (supplemented with a xenon arc lamp during brief cloudy 
periods) and controlled using neutral density screens so that it 
was representative for a cloudless winter day (for example, 
January 1, 1976). Ilumination had a maximum of 80 klx at 1200 
with values of 10 klx at 0730 and 1645, as determined using a 
Spectra FC 200-TV-B meter. Data are expressed on the basis of 
total area (both sides) for these succulent leaves. 
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7scem for both modes). This succulent arid-region plant 
would thus still grow relatively slowly if switched to the daytime 
mode of photosynthesis. For the CAM mode, the net CO, 
fixation was 18.3 umol cm~? for 24 h (Fig. 15), whereas it was 
21.0 umol cm? for daytime CO, uptake. These values of net 
daily photosynthesis were obtained in conditions of wintertime 
illumination. The relative advantage of predominantly daytime 
photosynthesis would be greater for the longer days (a longer 
period for daytime CO, uptake) and shorter nights (less time 
cor the CAM night-time CO, influx) that would occur at other 
times of the year. The time course of the increase in titratable 
acidity closely followed the net accumulation of CO, in the leaf 
during the night-time period in the CAM mode and 2 Eq of 
acidity were produced per umol CO, taken up as expected (Fig. 
16 and c). 

When water is readily available, strictly adhering to the 
water-conserving CAM mode may no longer be beneficial to a 
CAM plant. At least some supplemental daytime stomatal 
opening and CO, uptake would become advantageous. Indeed, 
many CAM plants show a net CO, uptake during the day when 
not under water stress; such daytime CO, uptake increased as 
water became more available for Bryophyllum daigremonti- 
anum”, Agave americana", and Dudleya farinosa!?. The shift to 
daytime photosynthesis was only partial, however, as in all 
cases the night-time stomatal opening and net CO, influx 
characteristic of CAM plants still occurred. In different experi- 
ments, Osmond et al.43 showed that subjecting Kalanchoe 
daigremontiana to 9 weeks of drought caused the carbon isotope 
discrimination ratio to shift from a value close to that for C, 
plants towards that expected if all CO, uptake took place at 
night in a CAM mode. For A. deserti, it seems that watering 
can Cause an essentially complete switch from CAM to daytime 
photosynthesis (Fig. 1). Such switching did not lead to greater 
net daily photosynthesis for winter days, but greater photo- 
synthetic productivity would be predicted for the longer day- 
light periods occurring at other times of the year. Thus, the 
ability to shift modes of photosynthesis when water is not a 
limiting factor could be a distinct advantage to this plant. 
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Memory phases in Drosophila 


Memory in many organisms can be disrupted by anaesthesia or 
electroconvulsive shock applied shortly after training. Later, if 
left undisturbed, the memory becomes immune to these agents. 
This suggests that learned information is stored by the brain in 
more than one form!~*. A population of Drosophila melano- 
gaster can be trained to avoid an odorant by presenting the 
odour in combination with electric shock. When tested later 
without shock, the flies avoid this odorant specifically (ref. 5 
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Fig. 1 Procedure for measuring memory retention. a, Training: 
. a population of 30-50 flies was trained in two horizontal plastic 
tubes, joined open end to open end (in a behavioural counter- 
current device). The light attracted the flies from a start tube, 
containing 1 ul of a chemical odorant (either 3-octanol (O) or 
4-methyl-cyclohexanol (M)) spread on an electrified grid (60 Hz, 
90 V a.c.)®. After 60s, the flies were shaken back into the start 
tube and another run was begun. This cycle was repeated ten 
times. By the tenth training cycle fewer than 20% of flies entered 
the grid tube. b, Waiting: flies were left undisturbed in dim 
illumination at room temperature (22 °C), in a perforated plastic 
tube closed with a polyurethane foam plug. c, Testing: the 
sliding countercurrent apparatus® allowed the start tube, with 
flies, to be shifted opposite any of several illuminated tubes. 
Selective odour avoidance of the flies was measured by testing 
them alternately with two (non-electrified) grids, one spread 
with, O, the other with M. In each test, the flies were shifted 
opposite a tube containing the grid and odorant and given 15s 
to run, after which the flies remaining in the start tube were 
counted. Before each test, flies were allowed to run to a perforated 
rest tube for 45 s. The order of odorants was reversed in half the 
experiments, 


and unpublished results of Y.D.). By anaesthetising the flies 
briefly with cold at various times between training and testing, 
we have found two memory components in Drosophila. 

D. melanogaster of the Canton-special wild-type strain were 
used. Culture methods, experimental conditions, chemical 
odorants and the apparatus for training and testing were as 
described before’, except that, to enhance memory retention, 
we used a more intensive training procedure consisting of ten 
consecutive exposures to one odorant coupled with shock 
(Fig. 1a). Between training and testing, flies were left undis- 
turbed in ventilated plastic tubes (Fig. 15). They were tested, as 
before®, by allowing them to run sequentially into two new grid 
tubes (non-electrified), each containing one of the odorants 
above (Fig. 1c). The index of learning used was the fraction of 
the population which avoided the odorant associated with 
shock during their training, minus the fraction which avoided 
the novel (control) odorant. Each experiment was run in 
reciprocal halves; two groups of flies, each trained to avoid one 
of the odorants, were both tested in the same apparatus to 
compensate for asymmetries in the apparatus or in the flies’ 
intrinsic reaction to the odorants. The learning index, A, for a 
complete experiment was the average of the indices for the two 
halves. Learning indices are reported as mean + s.e. of mean for 
four experiments. With the training procedure described above, 
selective avoidance was present immediately after training, 
A = 0.25+0.02, and remained high; when tested 45 min after 
training A = 0.34+40.06. 

Brief cooling induces rapid and reversible anaesthesia in 
Drosophila. Flies to be treated were transferred to a glass test 
tube (18 x 150 mm), shaken to the bottom, and the tube was 
placed in a bath of moving water at 4 °C. Within 15 s the flies 
stopped climbing, fell over and became immobile. After a 
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further 60 s they were transferred back to perforated plastic 
tubes at room temperature (22 °C). Two: minutes later they 
began to walk, and locomotion appeared normal by 7 min. 

‘We tried to disrupt the flies’ memory by applying this cold 
treatment at various times before and after training, and in each 
case measured their retention 45 min after training (Fig. 2). 
Flies anaesthetised before training (at — 10 or —5 min) perform 
as well as untreated flies, indicating that the cooling per se does 
not interfere with subsequent neural function, sensory percep- 
tion or capacity to learn and remember. Flies anaesthetised 0 or 
5 min after training, on the other hand, showed almost no 
selective avoidance when tested at 45 min. Apparently cold- 
induced anaesthesia can disrupt recently acquired memory in 
Drosophila. From 10 to 30 min after training, the memory be- 
came progressively more resistant to anaesthesia. This time- 
dependent increase suggests the onset of a second memory 
phase. The following experiments examine alternatives to this 
interpretation. 

Populations of flies were trained as above, immediately 
anaesthetised, maintained at room temperature and tested at 
5, 15, 30, 45 or 60 min. In all cases they showed little retention, 
with values of A less than 0.10. This indicates that in Drosophila 
cold-induced anaesthesia after training either eradicates learned 
information or permanently interferes with its normal ex- 
pression. The amnestic effect of cold anaesthesia is not an 
artefact of the time chosen for testing. 

Memory-disruption experiments are complicated by the pos- 
sibility that the disruptive agent, applied shortly after training, 
itself acts as a reinforcement, causing gratuitous learning which 
cancels the effect'of previous training®. In our case, the learning 
task is aversive, and anaesthesia decreases avoidance of the 
shock-associated odorant. Therefore, the anaesthesia cannot 
act as a negative reinforcement. Positive reinforcement effects 
were excluded by a separate control: populations of flies were 
cold-anaesthetised in the presence of either 3-octano] or 4- 
methylcyclohexanol, at the concentrations used above. When 
tested later they showed the same slight aversion to both 
odorants as did naive control flies. 

‘Time-dependent sensitivity of memory to cold anaesthesia 
has also been demonstrated using the original paradigm of 
Quinn et al.5,evhich contains an internal control of sensitisa- 
tion. Flies were trained by alternate exposure to two odorants, 
one of which was associated with shock. Testing was as above. 
Cold anaesthesia disrupted memory if applied 5 min after 


Fig. 2 Effect of cold anaesthesia on memory. Populations of 
30-50 flies were trained and tested 45 min later as described 
in Fig. 1. Populations were anaesthetised at the times shown,: 
by cooling them for 60s at 4°C. (The decreased learning per- 
formance of flies anaesthetised at 40 min may be due to incom- 
plete recovery by testing time.) The abscissa shows time between 
training and cold anaesthesia. Negative times indicate anaesthe- 
tisation before training; positive values indicate anaesthetisation 
between training and testing. The point shown after testing 
(hollow circle) represents unanaesthetised control flies. The 
ordinate shows A. the selective avoidance due to learning. 
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training (A = 0.05+0.04), but not if applied at 30 min (A = 
0.18 +0.04) (unpublished results of Y.D.). 

The extent to which the mechanisms underlying memory 
storage are shared among species is unknown. Nevertheless, 
analogous techniques can be used to resolve memory phases in 
creatures ranging from. dipterans to primates. Among the 
insects, multiple memory components have been shown in 
cockroaches by use of lesions’, and in honey bees by use of 
anaesthesia and electroconvulsive shock®. The demonstration 
of two forms of memory in Drosophila may be useful because 
of- the suitability of this organism for behaviour-genetic 
analyses’. At present, work on memory phases is limited to 
phenomenology, and fundamental questions remain un- 
answered. Short and long term memory storage could proceed 
by different physiclogical processes, or the second phase could 
represent merely a saturation or intensification of the first. 
Information may proceed serially through short term to con- 
solidated memory, or the two forms may have parallel inputs. 
These questions could be studied if mutations affecting different 
memory components were obtained. In this respect, it is interest- 
ing that a’ single-gene mutant deficient in learning has been 
isolated recently”. 
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Maintenance of fluid volume in the 
starfish water vascular system 


Locomotion in the starfish Asterias forbesi involves many 
tube feet, each functioning independently as a hydrostatic 
skeleton; the circular muscles of the ampulla acting 
antagonistically to the longitudinal muscles of the tube foot 
itself through the constant volume of A contained in the 
ampulla-foot unit’. The fluid for each tube foot comes from 
the water vascular system to which each foot is connected 
through its‘ own lateral canal. The water vascular system in 
Asterias consists of three interconnecting series of canals: 
(1) radial canals running the length of each arm; (2) a 
circular canal running around the gut at the base of the 
arms, and (3) the stone canal which runs from the radial 
canal up to the aboral (‘‘dorsal’’) surface, terminating in 
the madreporite. The madreporite, an orange disk, is porous 
and associated with several sets of cilia. For some time it 
has been presumed, and is still presented or indicated in some 
textbooks, that the fluid contained within the starfish water 
vascular system is pumped by ciliary activity through the 
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madreporite into the canal system, although it has been 
pointed out that no experimental evidence supports this 
assumption’. Ionically, the fluid within the water vascular 
system is nearly identical to the external seawater with the 
exception of internal K+, which is present in a concentration 
up to 60% higher than that of the seawater**. On the basis 
of this difference, it was suggested that K* accumulation by 
the water vascular system is responsible for water uptake by 
this system, either by creating a slight osmotic gradient 
within the tube feet or by direct movement of. water with 
hydrated K* ions, as opposed to direct uptake of seawater 
through the madreporite*’. We have investigated the genera- 
tion of the fluid in the water vascular system more 
thoroughly by determining the osmotic and ionic character- 
istics of the fluid within the tube feet and the ionic transport 
characteristics of the isolated tube foot epithelium. 

We used A. forbesi collected in Jamestown, Rhode 
Island and maintained for up to 1 week before use in tanks 
of artificial seawater at 7 °C. Fluid from the water vascular 
system was obtained from an intact starfish by placing it 
on its aboral surface and tying off individual tube feet, close 
to their base with silk thread. The foot was then isolated 
from the animal, washed quickly in distilled water, blotted 
dry and cut open. The released fluid was taken up into a 
micropipette. Na* and K* concentrations in the tube foot 
fluid were determined by flame photometry, and Cl” was 
measured by a modified microelectrometric titration tech- 
nique’, and the total osmolality of the fluid was obtained 
with a Clifton nanolitre osmometer. These determinations 
are summarised in Table 1. The Na* concentration of the 
tube foot fluid was identical to that of the external 
medium, while internal Cl” was slightly but significantly 
higher than environmental CI”. In agreement with earlier 
measurements on other echinoderms’, the K* concentration 
of the tube foot fluid from A. forbesi was considerably 
higher than that of the external seawater. In addition, the 
tube foot fluid was distinctly hyperosmotic to the surround- 
ing seawater, by up to 22 mosM. The perivisceral (coelomic) 
fluid was osmotically and ionically (Na*, K* and Cl ion 
concentrations) identical with the external seawater. 

To investigate whether or not the tube foot epithelium 
itself is in part responsible for K* secretion, individual 
tube feet were cut off at the base, filled with fresh seawater 
and tied off with silk thread. Thus initially identical ion 
concentrations were present on both sides of the isolated 
tube foot epithelium. The tube foot-sac preparation was 
allowed to equilibrate in aerated seawater for 90 min. 
Analysis then showed that, as in the intact tube foot, the K* 
concentration of the fluid in the isolated tube foot was 
higher than that of the surrounding medium. The internal 
K* concentration was 16.8mM, while that in the external 
seawater was 9.5 mM. The secretion of K* by the isolated 
tube foot epithelium could be inhibited by addition of CN™ 
_(1X 107M) to the external medium. The isolated tube foot 
could also be set up as a tubular system and perfused’; in 
this manner unidirectional K* fluxes, using “K (New 
England Nuclear), could be measured. Unidirectional K* 


Table 1 Osmotic and ionic characteristics of fluid from intact starfish 
tube feet and of surrounding seawater 


Ion concentration „Seawater . Tube feet fluid 
(mmol kg~1) 

Nat 469+2.9 (17) 471.442.6 (17) 

K+ 9.540.8 (21): . 17.3+1.8 (21) 

cl- 543.3 +2.6 (19) 551.743.1 (19) 


Total osmolality 


mosmol 17 1,095+3.3 (25) 1,1173.8 (25) 


Figures are mean+s.e.m., with number of determinations in 
parentheses. 
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influx was 4.2 107° mol cm™ min™ and unidirectional K* 
efflux was 3.4 X 107° mol cm” min”. 

Connection of the tube feet with the outside medium 
through the canals of the water vascular system and the 
madreporite was investigated by equilibrating intact starfish 
for 24h in seawater with “C-polyethylene glycol (New 
England Nuclear); molecular weight 4,000. Samples of 
fluid were then removed from the tube feet as before and 
counted in a liquid scintillation counter. Negligible amounts 
of label were found inside the tube feet, indicating that no 
direct connection exists between the fluid in the tube feet 
and the outside medium across the madreporite, an 
observation consistent with studies performed with dyes*. 

None of these observations supports the assumption that 
the fluid in the tube feet of the starfish is simply seawater 
pumped into the water vascular system through the 
madreporite by the action of cilia. The fluid in the tube 
feet, as well as that in the connecting water vascular system, 
is higher in K* and Cl’, and is hyperosmotic with respect to 
the external seawater. This hyperosmotic condition is 
probably brought about by the active secretion of K*, with 
Cl- following passively, across the tube foot epithelium. 
Other epithelial structures in addition to the tube foot 
epithelium itself in the starfish may contribute to total K* 
secretion into the water vascular system, for example, the 
ampulla epithelium. The generation of a slightly hyper- 
osmotic condition in the tube foot lumen by solute secretion 
would create a driving force for water across the tube foot 
epithelium into the tube foot lumen. This water provides 
the fluid through which the circular muscles of the ampulla 


“and the longitudinal muscles of the foot are antagonised. 


In addition, water uptake in this-fashion could make up for 
water losses through ultrafiltration across contracted tube 
feet and through damaged tube feet. 

The lack of any direct connection of the. madreporite 
with the more distal portions of the water vascular system 
in the starfish does not rule out any exchange whatsoever 
between different parts of the water vascular system and the 
external seawater through the madreporite. The water 
vascular system in some echinoderms is probably connected 
entirely to the outside environment through the madre- 
porite. Water movements which do occur through the 
madreporite in asteroids may serve either a sensory role or 
could serve to equalise pressure differentials’ between the 
water vascular system and the outside environment. 
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Evolution of responses 
to relative homozygosity 


ACCORDING to the theory of kin selection first elaborated 
by Hamilton’, all individual behaviour is selected to 
maximise the increment to inclusive fitness AW,+ZAW,r,, 
where AW, is the effect of an act on the fitness of the actor, 
AW; is the effect of the same act on the fitness of a con- 
specific, and r,, is the coefficient of relationship between the 
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actor and the conspecific. Acts that lower an individual's 
direct fitness can thus be favoured by natural selection if, 
by conferring benefits on relatives of the actor, they cause 
a positive increment to the actor’s inclusive fitness’*, Since 
the average rj between an individual and the targets of its 
behaviour varies because of fluctuations in local popula- 
tion structure, an individual is most likely to secure a posi- 
tive increment if its behaviour is conditioned on as accurate 
an estimate as possible of the particular local distribution 
of ry. I describe here a mechanism by which this estimate 
could be improved on the basis of information derived from 
the relative homozygosity of the individual's own genotype, 
in species with certain kinds of life histories. 

A geographically viscous, sexually reproducing population 
is locally inbred, reflecting the fact that the parents of a 
typical individual are more highly related to each other 
than are two adults taken from the population at large’. 
Since relative homozygosity correlates with the extent of 
inbreeding, an individual that is homozygous at an unusually 
high proportion of its population’s polymorphic loci is 
almost certain to be one whose ancestors for several pre- 
ceding generations were closely related. In a viscous popu- 
lation, neighbouring individuals tend to share largely over- 
lapping sets of ancestors. Thus given any mating system, 
characteristic pattern of dispersal, and level of genetic poly- 
morphism, an individual more (or less) homozygous than 
its population’s recent average expects a larger (or smaller) 
than average coefficient of relationship to conspecific near 
neighbours’. In many species these neighbours are likely 
to be its principal ecological competitors. 

Particular developmental and behavioural responses to 
homozygosity could be favoured by natural selection, if the 
relationship between individual fitness and some limiting 
resource can be described by an increasing function that 
becomes concave downwards above a level of use commonly 
reached by members of the population. The summed fitness 
of two individuals who divide a given resource may then 
exceed the fitness either of them would attain by taking all 
of that resource. Given sufficiently high ra and a suffi- 
ciently large shareable resource, each individual is selected 
to take less than all of that resource and so attain less 
than the direct fitness it might. An unusually homozygous 
individual may, on average, increase its inclusive fitness by 
being relatively small and reproductively efficient. A very 
heterozygous conspecific may be selected to exhibit greater 
competitiveness over the shareable limiting resource because 
its inclusive fitness is less likely to be increased by any 
benefits (positive AW,) it bestows on neighbours. 

The logic of this argument has been tested in a series 
of numerical experiments. The model species is monoecious, 
semelparous and synchronously breeding. Each site on a 
24X24 stepping-stone array accommodates, at most, one 
individual, who may be more or less ‘competitive’. This 
phenotypic variance in competitiveness has two selective 
effects. First, the risk of juvenile mortality is a positive 
linear function of the competitiveness (and the number) of 
an individual’s immediate neighbours. Second, more com- 
petitive individuals draw resources from less competitive 
neighbours, and fertility is an increasing sigmoid function 
of resource accrued. Competitiveness is controlled by two 
alleles at each of four independently assorting loci. One 
allele at each locus is dominant for maximum competitive- 
ness; the other is recessive for reduced competitiveness. 
Phenotypic effects of the four loci are multiplicative. Sym- 
metrical binomial probabilities govern the dispersal of male 
gametes and of zygotes, which experience average migra- 
tions of slightly more than one step and slightly less than 
one step, respectively. 

Each experiment simulated one hundred generations of 
selection and reproduction. The recessive allele was strongly 
favoured at rates of self-fertilisation ranging between zero 

and 0.975. Gene frequencies changed very little during cor- 
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responding control runs in which all genotypes produced 
the same intermediate level of competitiveness. Individual 
fertility in experimental runs was observed to correlate 
positively with competitiveness. Thus, the success of the 
allele that responded to homozygosity by lowering the com- 
petitiveness of its phenotype could have been due only to 
benefits it conferred on replica copies occurring in 
neighbours. 

Predictions derived from this model have been tested on 
published hybridisation experiments from a number of 
species. Embryos in utero stand in competition for a 
bounded set of resources. Relatively homozygous embryos, 
with high coefficients of relationship to each other, should 
compete less strongly than relatively heterozygous embryos. 
Not only should they be smaller than the heterozygotes, 
they should also be less variable at birth if competition 
tends to increase the variance of resource accrual. Where 
crosses are made between completely inbred lines there 
exists among F; littermates no genotypic variance to which 
their phenotypic variance might be attributed. Taketomi 
and Matsuo reported a large and well controlled hybridi- 
sation experiment with mice’, where the coefficient of 
variation of weight at 10d of age was significantly larger 
for F, hybrid than for inbred litters (P < 0.01). This dif- 
ference is unlikely to have been caused by some special 
incompatibility between inbred females and their hybrid 
embryos, because backcross litters on inbred females were 
less variable than backcross litters on F; females (P < 0.01). 

For another series of hybridisation studies on mice, there 
is a strong and significant positive correlation between the 
hybrid litters’ heterosis for birth weight and their 
‘heterosis’ for variability’. This supports the assumption 
that intrauterine competition for resources tends to increase 
the variance of birth weight. 

Barley is a predominantly self-fertilising species with very 
low rates of pollen and seed dispersal. In several hybrid 
populations synthesised from parents of diverse origin, 
yields per unit area and average homozygosities both in- 
creased during early generations™™, although barley is 
strongly heterotic for individual yield”. Available evidence 
does not permit an unequivocal rejection of the possibility 
that selection produced late generation plants that were as 
large as early generation plants and even higher yielding. 
But since late generation plants were very homozygous, it 
seems likely that they were also smaller and individually 
less fit than their more heterozygous ancestors. Their 
greater yields per unit area are then assumed to reflect 
higher densities and greater efficiency in the utilisation of 
resources such as light. The response of individual yield 
to plant spacing in barley is smoothly asymptotic”, so selec- 
tion in a viscous population would seem to favour a res- 
ponse to homozygosity like that modelled in the numerical 
experiments. 

In these barley populations, however, the seeds used to 
initiate each generation were a large and thoroughly ran- 
domised sample produced the previous generation. There- 
fore differentiated neighbourhoods could not actually 
develop. Close relatives would seldom, have received the 
benefits dispensed by uncompetitive ihdividuals. In such 
unusually heterogeneous and chaotically arrayed popula- 
tions, selection should favour those homozygous genotypes 
that lead to relatively unreduced competitiveness. Electro- 
phoretic surveys on one of these populations revealed an 
apparent narrowing of the difference between single-locus 
homozygous and heterozygous fitnesses within the first 
twenty-eight generations”, in spite of a marked increase of 
gametic phase disequilibrium’’. During the same series of 
generations, highly significant increases in the rate of out- 
crossing also occurred". Both of these changes can be inter- 
preted as evolutionary responses to a situation in which 
direct fitness and inclusive fitness have become nearly 
synonymous. 
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The accuracy of an estimate of average genetic relation- 
ship to near neighbours that is derived from homozygosity 
must depend on the number of loci entering into the 
estimate, and on the independence with which those loci 
assort. Traits whose expression depends heavily on the 
amount of fitness-limiting resources accrued are thus 
expected to show low additive genetic variance, relatively 
high non-additive genetic variance and strong heterosis, and 
this pattern is widely observed’*’**. Much of the inbreeding 
depression seen in normally outbred species must result 
from the expresion of truly deleterious recessive alleles. 
But such alleles should be relatively rare in species that in- 
breed to any considerable extent; particularly in such 
species, the loss of direct fitness that accompanies inbreed- 
ing may result in part from mechanisms favoured by 
natural selection. 

Published observations seem to satisfy many predictions 
derived from the hypothesis, but plausible alternative 
explanations can be advanced for most and none constitutes 
a clear critical test. An important and largely unexamined 
general implication of the model is that particular features 
of the mating and genetic systems of species to which it 
applies, should seem designed to facilitate the proposed 
responses to relative homozygosity. 

For many helpful criticisms I thank F. Benford, S. 
Blaffer Hrdy, J. Coyne, I. DeVore, R. Lande, N. A. 
Nicolson, O. T. Solbrig, E. O. Wilson, and especially M. A. 
Etter and R. L. Trivers. This work was supported in part 
by a USPHS training grant from the NIGMS. 
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Non-random inactivation of 
X chromosome in the rat yolk sac 


Tue Lyon hypothesis postulates that the mammalian female is 
a natural mosaic for clones of cells with either the maternally 
derived X chromosome (X™) or the paternally derived one 
(X") which is randomly inactivated early in develop- 
ment™?, We have presented evidence for the dominance of the 
inactive X” in extraembryonic regions of 7.5- and 8.5-d mouse 
embryos heterozygous for Cattanach’s translocation® in which 
the two X chromosomes could be readily identified*. Though we 
presumed that this might not be an exceptional phenomenon 
restricted to mice bearing this X-autosome translocation, this 
has been difficult to confirm because of the lack of a system 
suitable for experiments. Here we report further cytological 
evidence that the inactive X is predominantly paternal in the 
yolk sac of the laboratory rat. 

We used X'-X* dimorphism in the laboratory rat®; the X 
chromosome is telocentric (X') in F344 and ACI strains, 
whereas it is subtelocentric (X*) in the WKA strain bred at 
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our laboratory (I. Hayata, unpublished). X'X* heterozygotes 
were obtained from the cross ACI(X'X')= WKA(X"Y) and 
WKA(X"X*) x F344(X'Y). The X chromosome transmitted 
from the father is X* in the former cross, whereas it is X‘ in 
the latter. Embryos were recovered from the decidual swelling 
at 10.5 d gestation when the yolk sac had enveloped the amnion, 
and the allantois had fused with the chorion. Mosaic composi- 
tion was studied only in the embryo proper, and in the yolk 
sac, by means of a technique essentially similar to the one 
described elsewhere*’, 

Distinction between X* and X' was unequivocal and an 
asynchronously replicating X was identified as the palest red 
element in the great majority of metaphase spreads with banded 
chromosomes (Fig. 1). It should be mentioned, however, that the 
short arm of the isocyclic X* failed to show up in occasional 
black and white photographs. Cytogenetic examination was 
carried out in 8 and 7 embryos from the cross X"*X" x X'Y 
and X'X'x X"Y, respectively. In the former 8 embryos the 
percentage of cells with the X” allocyclic ranged from 82.1% 
to 97.8% with an average of 94.7% in the yolk sac, whereas it 
ranged from 46.7°% to 71.4% with an average of 55.3% in the 
embryo proper. The difference between the two was highly 
significant (P<0.001). The results were similar in the latter 7 
embryos; the average for the yolk sac, although slightly lower 





Fig. 1 BUdR-AO differential staining of the allocyclic 
X chromosome in cells of a 10.5-d-old X'X* embryo from 
the cross X'X'xX*“Y. The allocyclic X which fluoresced 
faintly is maternal (X') in a, whereas it is paternal (X*') in b. 
Embryos were taken out of the uterine cavity, incubated at 37 
C for 10h in Eagle’s medium supplemented with foetal calf 
serum (20°) and bromodeoxyuridine (100 ug ml-). Colcemid 
(Iug ml~') was added 1h before collection. Air-dried slides 
were prepared according to a modified method of Wroblewska 
and Dyban® as described by Takagi and Oshimura’, and 
stained with acridine orange (0.5 mg ml~') in 0.15 M Sörensen’s 
phosphate buffer (pH 7.0). ° 
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Table 1 Parental influence on X-inactivation mosaic composition 
in 10.5-d-old female rat embryos 


Area No. of cells 
examined examined 





No. of cells with 


Embryo allocyclic X?” (%) 


(1) X"X" x X'Y 
1 


Y 46 45 (97.8) 
E 67 42 (62.7) 
2 Y 169 155 (91.7) 
E 152 97 (63.8) 
3 Y 67 55 (82.1) 
E 135 63 (46.7) 
4 Y 152 148 (97.3) 
E 84 53 (63.1) 
5 Y 242 233 (96.3) 
E 173 86 (49.7) 
6 Y 302 288 (95.4) 
E 136 67 (49.3) 
7 Y 82 79 (96.3) 
E 35 25 (71.4) 
8 Y 53 51 (96.2) 
E 26 14 (53.8) 
Total Y 1,113 1,054 (94.7) 
E 808 447 (55.3) 

(2) X'X'xX"Y 
1 Y 162 146 (90.1) 
E 103 71 (68.9) 
2 Y 165 145 (87.9) 
E 275 162 (58.9) 
3 Y 93 84 (90.3) 
E 124 55 (44.4) 
4 Y 201 182 (90.5) 
E 179 95 (53.1) 
5 Y 219 199 (90.9) 
E 124 69 (55.6) 
6 Y 121 109 (90.1) 
E 107 63 (58.9) 
7 Y 160 154 (96.3) 
E 140 83 (59,3) 
Total Y 1,121 1,019 Gos) 
E 1,052 598 (56.8) 





Y, Yolk sac; E, embryonic body. 


compared with that in the former embryos, was not statistically 
significant (0.1<P<0.2). It seemed that there was more 
variation in mosaic composition among embryos themselves 
than yolk sacs, as indicated by a significantly higher standard 
deviation (P<0.05). It should also be mentioned that there 
was no correlation in the proportions of the two cell types 
between these structures within an embryo (r = 0.33, 0.2< 
P<0.3). Thus the present study substantiated the previous 
observation made in the mouse heterozygous for Cattanach’s 
translocation. Another aspect in common with the mouse 
embryo was a slight excess of cells with the X” inactive in the 
embryo proper. But the source of departure from the equal 
representation expected on random basis is not known. 

We have already discussed elsewhere? possible ways to bring 
about the extreme mosaicism and its potential significance. 
A salient feature may be mentioned in connection with the 
recent findings. There are at least three possible ways of 
explaining the apparently preferential inactivation of the 
paternal X chromosome: (1) reactivation of the inactive X™ 
with simultaneous inactivation of the active X°; (2) selective 
growth of cells with the X™ active after random inactivation; 
(3) preferential inactivation of the X”. Takagi (in preparation), 
by means of a double labelling method with *H-thymidine and 
5-bromodeoxyuridine, could exclude the first possibility in 
mouse embryos. Which of the remaining two is more likely? 
Isozyme activities of glucose-6-phosphate dehydrogenase in 
various organs from mules* strongly suggest in vivo selection 
for cells with the horse X active in certain organs. Extra- 
embryonic regions in mouse and rat might also be under 
strict selective pressure which favours the cell having the X™ 
active. Our recent observation (N.W. and N.T., unpublished) 
in 3.5-d mouse embryos, on the contrary, suggests that the 





Table 2 Comparison of average percentages and standard deviations 
of cells with an allocyclic X?” in the yolk sac and embryo proper 





Cross type Yolk sac Embryo proper 
MO Key 94.1% +-4.9 $7.5+8.3 
X'X' x XY 90.9% +2.4ł 57.0+6.9 

Combined 92.6% +4.2T 57.3+7.3 

*P<0.001. 


+P <0.05 (compared with the embryo proper). 


initial event may not be random, in that the X” was allocyclic 
in more than 90% of informative metaphases. Resolution of 
this problem will require fuller cytological studies of embryos 
in early development. 
The result reported here implies that the overwhelming 
excess of the X?” inactive in the yolk sac and probably in some 
other extraembryonic tissues may hold at least in the family 
Muridae. Further studies will disclose whether it is an evo- 
lutionary specialisation in a small group of species, or a wide- 
spread phenomenon among eutherian mammals. In either case, 
it seems highly unlikely that the specific pattern of inactivation 
has been retained without any advantage. Cells having the 
active X™ may somehow be advantageous for the interaction 
between mother and embryo after implantation. We may 
assume that the majority of primordial germ cells, arising in 
the yolk sac, would possibly have the active X™. If this is the 
case, it is tempting to consider the extreme mosaic composition 
in the yolk sac as a mechanism controlling X chromosome 
activity in female germ cells. 
This study was supported in part by grants from the Ministry 
of Education, Science and Culture, and the Ministry of Health 
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Parallel distribution of sister chromatid 


exchanges and chromosome aberrations 

THe role of chromatid exchange in the origin of chromo- 
some aberrations has been a subject of research since the 
chromatid exchange hypothesis of chromosome aberrations 
was proposed’. Which of the breakageṣreunion hypothesis’ 
and the exchange hypothesis better explains the origin of 
chromosome aberrations is still disputed™*. The part played 
by DNA repair in aberration and exchange formation has 
been identified™*®, and there is much evidence for non- 
random distribution of chromosome aberrations, especially 
in the heterochromatic regions™*, We have shown previously 
by autoradiography, that sister chromatid exchanges 
(SCEs) induced by 7,12-dimethylbenz(a)anthracene (DMBA) 
are frequently associated with aberrations’. Newly intro- 
duced 5-bromodeoxyuridine(BUdR)—33258 Hoechst methods 
for SCEs*™ have made it possible to reanalyse these prob- 
lems in more detail and with considerable accuracy. The 
results presented here indicate that two different hydro- 
carbon carcinogens, DMBA and 7,8,12-trimethylbenz(a)- 
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anthracene (TMBA), induce aberrations localised in the 
same chromosomal regions of the rat bone marrow cells 
and that the targets for chromosome aberrations and for 
SCE are identical; in other words, both phenomena are 
relazed. 

Two of the largest chromosomes (Nos 1 and 2) of the 
rat aave extremely vulnerable regions to DMBA, especially 
when the carcinogen is administered shortly before cell 
collection, probably because of late DNA replication in these 
regions’. These vulnerable sites were therefore used to 
study the relationship between chromosome aberration and 
SCE. Male Long-Evans rats (30d old) were used and were 
injected intravenously with a lipid emulsion of DMBA or 
TMBA (Upjohn) at 50 mg per kg body weight, 6h before 
killing. Colchicine (0.3 mg) was administered intraperiton- 
eally 1h before killing and chromosome specimens were 
prepared from femur bone marrow by the standard air- 
drying method and stained with Giemsa. Chromosome aber- 
rations observed consisted of gaps and breaks. Gaps were 
defined by a clear achromatic lesion with continuity, and 
breaks by displacement of the distal segment. Both ends of 
a break, or a gap from the centromere projected on the 
chromosome axis, were measured as accurately as possible 
in photographic prints and expressed by the percentage in 
the length of these chromosome arms. Distribution curves 
were plotted of the relative location of 100 breaks and 
gaps along both chromosomes. For SCE, an in vitro system 
was used, because in vivo BUdR-labelling of rat bone mar- 
row cells was unsuccessful. The bone marrow cells from 
femur were suspended in 5ml of thymidine-free F-12 
medium containing 15% foetal calf serum and 2 ug mI“ of 
BUGdR and were cultured for 26 h, or two rounds of the cell 
cycle’. DMBA or TMBA (5X10°*mM) was dissolved in 
0.1 ml of dimethylsulphoxide, and 0.2 ug ml“ of colchicine 
were added to the medium 6 and 2h respectively before 
collecting the cells. Chromosome specimens were prepared 
and differential staining of sister chromatids was carried 
out using the modified 33258 Hoechst-Giemsa method". 


Fig.1 Distribution of DMBA-induced chromosome aberrations 
(a) and sister chromatid exchanges (b) along the long arms of 
No. 1 and No. 2 chromosomes. The graphs are a combination 
of results from several samples. Numbers on the abscissa 
represent percentage distance from the centromere; 0, centro- 
mere; 100, telomere. The ordinate indicates the frequency per 
100 aberrations in each chromosome. Six hours after DMBA 
(50mg kg~!, intravenously), 23.4% of metaphase bone 
marrow cells had aberrations. The mean number of aberrations 
per cell was 0.27; 13.7% were in No. 1; 17.9% in No, 2; and 
68.4% in the remaining chromosomes. Of the aberrations 14% 
were breaks as defined by chromatid displacement and the rest 
were gaps. On the other hand, 289 SCEs were found in 26 
metaphases (11.5 per cell) 6h after addition of DMBA (5 = 
10— mM) in vitro; 9.7% were in No. 1; 11.7% in No. 2; and 
78.5% in the remaining chromosomes. 
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Fig. 2 Distribution of TMBA-induced aberrations (a) and 
sister chromatid exchanges (b) along the long arms of No. | and 
No. 2 chromosomes. At 6 h, 17.7% of metaphase bone marrow 
cells revealed aberrations. The mean aberration per cell was 
0.20; 18.6% were in No. 1; 22.9% in No. 2; and 58.6% in the 
remaining chromosomes. Of the aberrations 14.5% were breaks 
and the rest were gaps. 253 sister chromatid exchanges were 
found in 26 metaphase cells (9.7 per cell) 6h after addition of 
TMBA (5 x 10-* mM) in vitro; 10.2% were in No. 1; 9.0% in 
No. 2; and 76.7% in the remaining chromosomes. 


One hundred SCEs in the long arms of both chromosomes 
were located in photographic prints by measuring the rela- 
tive distance from the centromere. The distribution curves 
of SCEs were made by plotting the relative site of each 
exchange along the chromosome axis divided into 20 seg- 
ments. 

The DMBA- and TMBA-induced breaks and gaps were 
shown to distribute along the chromosomes non-randomly 
and reproducibly (Figs 1 and 2). The No. 1 chromosome had 
a susceptible site 40% of the distance along the long arm. 
In the No. 2 chromosome, there were three target sites for 
breaks and gaps; they were about 30, 55, @nd 80% along 
the chromosome from the centromere, although the last 
peak was not evident in the animals referred to in Fig. 1 
treated with DMBA. SCEs were, however, also distributed 
non-randomly. The distribution curves of exchanges in 
No. 1 chromosome were similar to those for aberrations. 
There were also three susceptible regions for exchanges in 
the No. 2 chromosome. They coincided completely with 
the target sites for aberrations although the third suscept- 
ible region was far more susceptible to exchanges than to 
aberrations. Some SCEs were associated with aberrations 
(Fig. 3). 

These results indicate that aberrations and SCEs are 
correlated. From this correlation, it is possible that aber- 
rations represent incomplete SCEs that were not repaired. 


Fig. 3 Sister chromatid exchanges in the susceptible regions 
of No. 1 chromosome (a) and No. 2 chromosome (b, c and d). 
band d, Exchanges are incomplete, but are associated with a gap. 
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Whether SCEs comprise 25% of the total chromosome 
lesions as expected from Revell’s hypothesis’ is unknown 
from the present studies. Because late DNA replication in 
and the late vulnerability of these susceptible regions to 
DMBA have been suggested’, it is possible that DNA repli- 
cation is important in the induction and non-random dis- 
tribution of these changes, although the part played by 
other factors such as repetitious DNA, intranuclear distri- 
bution of carcinogens, and chromosome association in the 
interphase nuclei’ cannot be excluded. These non-random 
actions of chemical carcinogens need further studies in 
relation to carcinogenesis, because they parallel carcino- 
genicity of the chemicals’ and the chemical carcinogens 
with a completely different chemical structure such as 
4-nitroquinoline-l-oxide and N-nitroso-N-butylurea also 
induce the same genetic effects (unpublished data). 
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TMBA and DMBA were gifts from Professor C. Huggins, 
University of Chicago. 
NoRIFUMI UEDA 
HIROSHI UENAKA 
TOMOTOSHI AKEMATSU 
TAKETOSHI SUGIYAMA 

Department of Pathology, 

Kobe University School of Medicine, 

Ikuta-ku, Kobe, Japan 650 


Received April 26, accepted June 25, 1976. 


1 Revell, S H., ın Proc. Radiobiol. Symp , Lidge, 1954 (edit by Bacq, Z. M., and 
Alexander, P.), 243-253 (Butterworths, London, 1955). 

2 Sax, K., Genetics, 23, 494-516 (1938) 

3 Heddle, J A., Whissel, D., and Bodycote, D. J., Nature, 221, 159-160 Ned oa 

4 Commings, D E., in ‘Chromosomes and.Cancer (edit. by German, J.), 95-13 
(John Wiley, New York, London, Sydney, and Toronto, 1974) 

5 Perry, P., and Evans, H. J., Nature, 793, 121—125 (1975). 

6 Latt, S. À., Proc. natn. Acad Sci Ù S. A., 71, 3162-3166 (1974). 

7 Natarajan, "A T , and Ahnstrom, G., in ” Modern depects of Cytogenetics Con- 
stituttve’ Heterochromatin in Man (edit. by Pfeiffer, R ~ A), 215-223 (F. K 
Schattauer Verlag, Stuttgart and New York, 1973). 

8 Sugiyama, T., J. natn. Cancer Inst., 47, 1267-1275 ( 1971). > 

9 Latt, S. A., Proc. natn. Acad. Sci U.S.A., 70, 3396-3399 (1973). 


10 Perry, Pi and Wolff, S, parure, 251, 156-158 (1 974). 
11 Goto, 


, Akematsu, T , Shamazu, H., and Sugiyama, T., Chromosoma, 53, 
AENT (1975). : 
12 Sugiyama, T., Gann, 64, 637-639 (1973). 


Eee 


Communication through fimbriae 
during conjugation in a fungus 


Lonc fine hairs, termed fimbriae? or pili’, have been ob- 
served in many bacteria and in fungi**. Bacterial sex pili 
transfer chromosomal and plasmid DNA during con- 
jugation®. This paper describes evidence that the fimbriae of 
the smut fungus Ustilago violacea also transfer sex- 
specific molecules between the two conjugants. 

The cells of this' fungus may mate while they are touch- 
ing (contact mating) or at distances of up to 20 xum on 
water agar (distant mating)*’’. During distant mating a tube 
grows from the a: mating type to the other cell (a: mating 
type; Fig. 1). Fimbriae up to 154m long are found on 
both mating types and are therefore long enough to account 
for distant mating, if it is assumed that the fimbriae of the 
two mating cells may attach end-on. The evidence that such 
fimbrial contacts between cells are formed and that they 
„are essential for conjugation is as follows: ; 

The behaviour of the cells, as observed under the light 
microscope, provides very’ strong evidence for the existence 
of an invisible connecting ‘fibre at distances of more 
than 5m apart. Such cells floated together in water sus- 
pensions, rotating in unison and maintaining a constant 
maximum distance apart. The axis of rotation indicated 
that the cells were connected by a fibre that was laterally 
flexible but torsionally rigid, and was attached to the cell 
surface at a discrete site. They therefore rotated very 
similarly to two balloons fixed together with thin wire. The 
e 
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connection was fragile and could be broken by pressure 
on the cover slip. When water suspensions of cells: were 
made carefully, such attached cells were found in mating 
cultures, but not in pure cultures or in mixed cultures of 
opposite mating type kept in conditions unsuitable for 
mating. Fimbriae are the only structures on the cell wall 
which could act as these invisible fibres. 

The conjugation tube in cells mating at a distance seemed 
to grow along the line of the fimbrial connection. On nine 
occasions to date cells were observed similar to those in Fig. 
la, in which one mating partner produced a conjugation peg 
that had grown part way towards the other cell. The 
cells remained connected by an invisible thread and in 
every case their rotation as a pair clearly showed that the 


‘invisible fibre connected the tip of the conjugation tube 
to the other cell. The distance covered by the fibre varied 


Fig. 1 a, Pair of mating cells attached by an ‘invisible’ fibre as 
observed under the light microscope m a water suspension. 
Dotted line represents axis of rotation of the pair of cells. 
b, Route taken by conjugation tubes from a pair of a, cells to two 
a, cells. Note that the tubes do not necessarily contact the 
nearest partner, and that they may swell before changing 
direction. c, Pair of cells during distant mating, showing the 
development of the conjugation tube from the a, cell, the swelling 
at the point where the direction changes and the "growth of a 
small peg on the a, cell opposite the tube. d, Interpretation of the 
stages in c. The ceils are considered to be ‘connected by end-to- 
end joining of fimbriae f, from each partner. An inducer (i) is 
transported along this fimbrial connection from the a, cell to the 
a, cell. The inducer stimulates local production of wall-softening 
enzyme (e), at the a, terminus of the fimbrium, causing develop- 
ment of a peg. Further transport of inducer along the fimbriae 
results in continued growth of the tube along this path. As the 
growing tube nears the other cell transport of enzyme or of an 
inducer from a, may occur in a reverse direction causing some 
tube development on the a, cell. 
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from 1 to 54m; probably longer fimbrial connections tend 
to break in water suspension. 

During distant mating the tube frequently did not grow 
directly across to the other cell but curved or turned at a 
sharp angle. Frequently .the tip of the tube swelled before 
resuming growth in a new direction (Fig. 1b-d). The tube 
sometimes passed by a nearby cell of opposite mating type 
to reach one further away (Fig. 1b). The nearer cell later 
mated with another cell. These observations are difficult to 
explain if chemical diffusion is the cause of tube growth, 
but are readily explained if the tube follows the line of a 
previously established fimbrial connection. 

‘Observations of several closely related species of Ustilago 
have established that only fimbriated strains can conjugate. 
Thus Kniep® showed that strains of U. scabiosae, U cardui, 
U. vinosa, U. utriculosae and U. violacea will conjugate 
with each other. Modern strains of these species that have 
become afimbriate have also lost the ability to conjugate, 
whereas strains that still produce fimbriae have full mating 
activity. 

In an earlier report’ it was shown that fimbriation and 
conjugation both have the same maximum temperature’, 
the same response to temperature shifts, the same response 
to enzyme treatments, and are both blocked before transla- 
tion by high temperatures. The cells still grow in conditions 
which limit, both conjugation and fimbriation. 

Electron microscopy of thin section and freeze-etched 
preparations demonstrated that fibres of similar appearance 
to fimbriae connect cells that are very close together’’’’*. 
These fibres were also found on the ends of the conjugation 
tubes’. Unfortunately, the fragility of the connection in 
distantly mating cells has so far frustrated attempts to 
demonstrate it by shadow casting. 

Although these results establish that fimbriae are essential 
for conjugation, their exact function is not yet known. It is 
possible that there are both common fimbriae and sex 
fimbriae as in bacteria, since one or two fimbriae may differ 
from the others in having a terminal knob’, just as fre- 
quently occurs with the sex pili of bacteria®, and since only 
one or two conjugation tubes are produced per 
haploid cell, although there are hundreds of fimbriae on 
most cells. 

The growth of the conjugation tube along the line of the 
fimbrial connection suggests that this fibre may 
be used to provide chemical communication between 
the cells*. It is suggested that ‘inducer’ molecules are trans- 
mitted along the fimbrial connection mainly from the a; cell 
to the as cell, and that these molecules stimulate production 
of a wall-softening enzyme locally near the a, terminus of 
the fimbrial connection. This would cause bulging of the 
cell wall at the fimbrial terminus and initiate development 
of the conjugation tube. Further transmission of inducer 
together with continued growth in the a, cell would cause 
the tube to grow at its tip along the line of the fimbrium. 
If the connection between the two fimbriae is a poor one, 
inducer may accumulate at the junction resulting in swelling 
of the tip of the conjugation tube before growth along the 
fimbrium is resumed. The tendency of the ai cell to produce 
a conjugation peg as the conjugation tube approaches (Fig. 
1c and d) may be due to movement of the enzyme itself 
along the fimbrium, or to the slow transport of inducer 
molecules from az to a1. 

The inducer is perhaps most likely to be an enzyme sub- 
unit or coeffector, but it could also be a regulatory protein, 
messenger RNA or perhaps even DNA. The ability of 
fimbriae to transmit such large molecules was doubted for a 
while, but has received strong support from recent work 
with bacteria’, including the decisive experiments of Ou 
and Anderson’? who showed that E. coli cells could com- 
plete conjugation and undergo recombination while remain- 
ing separated by distances of up to 3um and connected 
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only by an ‘invisible’ thread. The similarity between the 
ultrastructural features of conjugation in bacteria and in 
Ustilago is very striking in view of the differences in 
nuclear organisation. It remains to be seen to what extent 
this similarity extends to the biochemical, genetical and 
regulatory levels. 
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Induction of “‘natural killer’”’ cells by BCG 


Tue past decade has witnessed numerous attempts to suppress 
tumour growth by the administration of immune stimulants. 
Notable successes have been achieved, particularly following 
the intralesional injection of Bacille Calmette-Guérin (BCG) 
which has been observed to cause the regression of local 
tumour nodules in both experimental animals}? and man? —™. 
Although there is some controversy as to the mode of action of 
BCG, it has become widely accepted that its anti-tumour effects 
are principally mediated through host macrophages, “‘activated” 
by the immunostimulant®~®. Observations we have recently 
made in studies of the peritoneal exudates of BCG-infected mice 
suggest an alternative possibility: that tumour destruction is 
caused by a non-macrophage population of cytotoxic cells 
which is induced by BCG immunisation. 

Young adult (6-8 weeks) C57BL/6 mice Were immunised 
intraperitoneally with 10’ viable BCG organisms (Pasteur 
Strain, Trudeau Institute, New York). Peritoneal exudates were 
harvested at frequent intervals thereafter and the lytic activity 
of washed cells assessed against a variety of *'Cr-labelled target 
cells using a 4-h microcytotoxicity assay®. Exudates from 
‘unimmunised animals were not cytotoxic under these assay 
conditions. In contrast, peritoneal cells obtained 2-15 d after 





Table 1 Lytic activity of murine peritoneal exudates 





Treatment used to % Specific cytolysis 


induce exudate P815-X2* EL-4 (G-)t 
BCG 21 15 
Thioglycollate 0 2.9 
Proteose peptone 0 2.2 
None (normal PEC) 0 0.5 





*A methylcholanthrene-induced mastocytoma of DBA/2 origin, 
maintained in ascites form. 

ĦA methylcholanthrene-induced thymoma of C57BL/6 origin, 
maintained in ascites form. . 

Young adult C57BL/6 mice were immunised intraperitoneally with 
107 viable BCG organisms (Pasteur strain, Trudeau Institute, New 
York), with 2 ml 3% (w/v) thioglycollate medium or with 1.5 ml 
10% (w/v) proteose peptone. Peritoneal exudates were collected 3 d 
later and lytic activity of 1.5x10® cells assayed against 104 51Cr 


, targets. A 4-h microcytotoxicity assay was performed in RPMI 1640 


containing 10% foetal calf serum. Specific cytolysis was calculated 
relative to target cells in the absence of any effector cells. The standard 
deviation of quadruplicate cultures was +2% of the mean We have 
also observed extensive lysis of Chang (human liver cell line) cells by 
BCG exudates and, to a much reduced extent, by exudates induced by 
thioglycollate and proteose peptone (data not shown). ° 
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Table 2 Characteristics of the peritoneal exudate killer cell 


Expt Treatment of effector cells % Specific 
cytolysis 
(1) None 18 
Adherent to tissue culture dish 7.1 
Non-adherent i 37 
(2) None 15 
Carbonyl iron 25 
(3) None 22 
C 17 
Anti-8+C 17 
(4) None 17 
C 17 
Anti-Fab+C 19 





Peritoneal exudates were collected from C57BL/6 mice 3-6 d after 
immunisation with 10’ viable BCG organisms. The following frac- 
tionation procedures were performed in attempts to identify the 
cytotoxic cell. (1) Exudates were centrifuged (300g, 3 min) on toa 
tissue culture dish (Falcon Plastics) and were then incubated for 
40 min at 37 °C. Non-adherent cells were decanted, adherent cells 
removed with 5mm EDTA ın ice-cold Ca*®+-free HEPES buffer. 
(2) Carbonyl iron depletion was carried out by method of Lundgren“. 
(3) The anti-@8 serum used was an AKR anti-C3H thymus pre- 
viously described, Normal rabbit serum was used as the source of 
complement (C). (4) A rabbit anti-mouse Fab serum was a gift from 
Dr Keith James, University of Edinburgh. Rabbit serum was again 
used as acomplement source. The cytolytic activity of the fractionated 
populations was ın each case assessed in a 4-h assay using 5 x 105 
effector cells and 104 "'Cr-labelled P815 target cells. 


immunisation invariably caused target cell destruction. While 
there was considerable animal to animal variation in the amount 
of cytotoxicity exhibited, peak lytic activity was observed in 
exudate populations harvested 4-8 d after immunisation. The 
decline in reactivity was gradual, and some lytic activity was 
noted in populations harvested up to 3 weeks after BCG 
administration. 

Several features of the lysis observed deserve comment: (1) 
the amount of lysis occurring in a 4-h period was directly 
proportional to the number of: exudate cells added to the 
cultures (range used: 2x 10°-2x10® exudate cells per 10! 
target cells); (2) lysis, over a 3-h incubation period, was a linear 

‘function of time; and (3) C57BL/6-derived peritoneal exudates 
were capable of lysing syngeneic EL-4 thymoma targets as well 
as allogeneic P815 mastocytoma targets. Data from a typical 
experiment are shown in Table 1. The lytic effect noted was not 
confined to the C57BL/6 mouse; similar cytolysis has been 
observed with BCG induced exudates in the DBA/2 mouse. 
Interestingly, while thioglycollate and proteose peptone induced 
more copious, macrophage-rich, peritoneal exudates than did 
BCG, such cell populations were only minimally lytic (Table 1). 

Attempts were made to characterise the nature of the cyto- 
toxic cell present in BCG-induced exudates. The cytotoxic cell 
did not adhere to tissue culture plates (Table 2) nor was it 


/ 
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phagocytic. Depletion of phagocytes by treatment of 2x10? 
peritoneal exudate cells with 200 mg carbonyl iron for 40 min 
at 37 °C, followed by application of magnetic field, removed 
60% of the total cells. There was a concomitant increase in the 
lytic activity of the residual population (Table 2). It thus seems 
extremely unlikely that the cytotoxic cell in the exudates is a 
macrophage. 

The lytic activity of BCG-induced peritoneal exudates was 
not affected by treatment with an AKR-antiserum directed 
against 6-alloantigen in the presence of a source of rabbit 
complement (Table 2). Identical treatment removed 91 % of the 
T cell-mediated cytotoxic activity of spleen populations obtained 
from CS7BL/6 mice immunised with P815 (DBA/2) alloantigen 
(data not shown). We conclude therefore that the killer cell in 
BCG exudates is not a thymus-derived lymphocyte. 

Cells bearing surface immunoglobulin were quantitated by 
the use of a flouresceinated goat IgG with anti-mouse Fab 
activity. Treatment of exudates with a rabbit antiserum to the 
Fab portion of mouse IgG in the presence of rabbit complement 
diminished the number of flourescent cells from 12% to 2.4%. 
This treatment was without effect on the lytic activity of the 
exudates (Table 2). We conclude that the killer cell lacks 
surface immunoglobulin. 

Soluble immune complexes were without effect on cytolysis 
by BCG-induced exudate cells under conditions which readily 
inhibited antibody-dependent K cell-mediated cytolysis (Table 
3). This suggests that the BCG exudate cytolytic cell is not 
dependent on an Fc receptor for its activity. Furthermore, 
although K cells are notably trypsin resistant!®, cytolysis by 
BCG exudates was inhibited by trypsinisation of the effector 
cells before the assay (Table 3). 

The effector cell present in BCG-induced peritoneal exudates 
therefore lacks: (1) the adherent and phagocytic characteristics 
of macrophages, (2) the surface characteristics of both T aid B 
lymphocytes, and (3) the Fc-dependency and trypsin resistance 
of the K cell. By these criteria the cell is comparable to the 
“natural killer” cell described by Herberman ef al.1112 and 
by Kiessling et a/.213, 

To further this comparison, we investigated whether the 
exudate cell possessed an additional feature which has been 
reported to be peculiar to the natural cytotoxic cell: namely, a 
marked lability at 37 °C in culture". 

Peritoneal exudate cells harvested 5d after BCG infection 
were cultured at 37 °C at a concentration of 5 x 10° cells ml—? 
in RPMI 1640 containing 10% foetal calf serum. After incu- 
bation for varying periods of time at 37 °C, the cells were held 
at 4°C until a total time of 4h had elapsed. At this time 
51Cr-labelled P815 cells were added, the cultures transferred to 
an incubator at 37 °C and the lysis of target cells evaluated 4h 
later. As can be seen from Table 4, the lytic activity of exudate 
cells was extremely labile, a 50% reduction in lytic activity 
being observed within 7 h (3 h incubation + 4 h assay) at 37 °C. 
In contrast, T cell-mediated cytotoxic activity of alloimmune 





Table 3 Inhibition of cytotoxicity by immune complexes or trypsinisation of effector cells 


Immune complex inhibition Trypsin sensitivity 
Effector cells Target cells Antibody control Complex Inhibition (%) Control Trypsin Inhibition (%) 
Alloimmune spleen P815 , 16 17 0 8.7 0.2 98 
Normal spleen Antibody coated CRBCs 14 3.6 74 4.5 5.0 0 
BCG exudate P815 20 23 0 23 12 48 


De a 

Alloimmune spleen cells were obtained by culturing normal C57BL/6 mouse spleen cells with DBA/2 stimulating cells for 4 d in the condition 
described by Cerottini er al.*8. Normal spleen cells were from C57BL/6 mice, and peritoneal exudate cells were obtained from the same strain 
4d following BCG inoculation. Both alloimmune spleen and BCG-induced peritoneal exudates were assayed against 104 ©4Cr-P815 target 
cells, the former at a 5:1, and the latter at a 50:1 effector—target cell ratio. Antibody-dependent cytolytic (K cell) activity was measured by 
culturing 10° normal spleen cells with 5 x 104 §4Cr-labelled chicken erythrocytes (CRBCs) which had been coated with a 10* dilution of a mouse 
anti-CRBC serum. Soluble immune complexes were prepared by incubating a rabbit anti-DNP antiserum (40 ug ml-2) with DNP-BSA (4 pg ml-) 
for 1 hat 37 °C. A.0.05-ml volume of this mixture was then added to 0.1 ml of effector cells and incubated 30 min at 37 °C, followed by addition 
of target cells in an 0.05-ml volume. Trypsin treatment of effector cells was carried out for 45 min at 37 °C using a cell concentration of 2 x 107 


cells mi, and either 0.25% trypsin (Sigma) o1 medium alone. Cells were washed and adjusted for viable cell recovery before assay. All cultures 
verein the presence of target cells for 4 h at 37 °C. : 
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spleen (or peritoneal exudate cells) did not fall during identical 
culture conditions (Table 4 and unpublished observations). 

In summary we have observed a cytotoxic cell population in 
the peritoneal exudates of mice 2-15d after infection with 
viable BCG organisms. The cell population lacks those charac- 
teristics that are associated with B and T lymphocytes, macro- 
phages and K cells. The BCG exudate cytotoxic cell shows a 
marked lability to temperature that the directly cytotoxic T cell 
does not. Additionally, in agreement with Kiessling et al.2°, it 
shows a susceptibility to trypsin treatment similar to the 
cytotoxic T cell, but in contrast to cytotoxic K cells. The 
exudate killer cell we describe here thus seems similar, if not 
identical, to the natural cytotoxic cell previously described. 

It is interesting to note therefore that Herberman’s studies” 
have shown that the mouse strain used here (C57BL/6), and 
specifically its peritoneal exudate, has a very low incidence of 
natural cytotoxic cells. This is presumably reflected in an inability 
to detect lytic activity in our assay system using normal exudate 
populations. It is not yet clear which of several alternatives is 
responsible for the vastly augmented activity seen in exudates 
after BCG administration. The principal possibilities seem to 
be: (1) that BCG induces a cytotoxic population ab initio; (2) 
that BCG causes the expansion of a population of cytotoxic 
cells which is initially present at an incidence below detection; 
(3) that BCG recruits into the peritoneal cavity cells which 
normally reside in other compartments or (4) that BCG 
“activates”? an exudate cell population, rendering it cytotoxic. 





Table 4 Lability of the cytotoxic cell 


Cell Time (h) Time (h) Specific Inhibition 
3 37°C 4°C cytolysis (%) (%) 
BCG peritoneal 0 4 27 0 
exudate 1 3 30 0 
2 2 21 21 
3 1 13 52 
4 0 6.4 76 
Alloimmune 0 4 68 0 
spleen 1 3 67 2 
2 2 69 0 
3 1 74 0 
4 0 78 0 





Peritoneal exudates were harvested 5d after immunisation of 
6-week-old C57BL/6 mice with 10’ viable BCG organisms Allo- 
immunised spleens were obtained from C57BL/6 mice 10d after 
immunisation with 3 x10’ P815 cells. Effector cells were incubated 
alone at 37 °C for various periods of time and then placed in an ice 
water bath at 4 °C until a total time of 4h had elapsed. At this time 
5 x 105 effector cells were incubated for 4 h at 37 °C with 104 **Cr-P815 
cells and the degree of target cell destruction evaluated. Inhibition 
following culture at 37 °C was calculated relative to the activity of 
effector cells stored continuously at 4°C. 


Further investigations will clearly be needed to define the 
nature of the inductive process, to delineate the Jineage of the 
cytolytic cell, and to see whether other bacterial products with 
anti-tumour reactivity (for example C. parvum; MER) also 
produce cytotoxic cells. It may not be coincidental that of the 
three agents we have used to induce peritoneal exudates only 
BCG substantially augments natural cytotoxicity and only 
BCG shows anti-tumour activity in vivo. 

The induction of cytotoxic cells following BCG administration 
suggests to us that this population might be at least partially 
responsible for the tumour regression associated with BCG 
therapy. Furthermore, these observations imply that measure- 
ment of the natural cytotoxic cell population might prove to be 
a useful adjunct to studies aimed at optimising therapy with 
bacterial adjuvants. 
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This work was supported by a grant from the NIAID and by 
a grant from the Jane Coffin Childs Memorial Fund for Medical 


Nature Vol. 262 August 12 1976 


Research. C. S. H. is the recipient of a research career develop- 
ment award from the NIAID. 
SETH A. WOLFE 
DANIEL E. TRACEY 
CHRISTOPHER S. HENNEY 
Departments of Biology, Medicine and Microbiology, 
Johns Hopkins University and 
O’ Neill Memorial Research Laboratories, 
Good Samaritan Hospital, 
Baltimore, Maryland 21239 


Received May 27; accepted June 22, 1976. 


1 Zbar, B., Bernstein, I. D , Bartlett, G. L., Hanna, M. G., Jr, and Rapp, H. J. 
J natn Cancer Inst., 49, 119-130 (1972). 
2 Baldwin, R , and Pimm, M., Br. J Cancer, 28, 281-287 (1972). 
3 Morton, D L., Seminars in Oncology, 1, 297-310 (1974) 
4 Laucius, J F , Bodurtha, A. J., Mastrangelo, M J , and Creech, R. H , J. Reticu- 
loendothel Soc., 16, 347-373 (1974). 
5 Bast, R. C , Jr, Zbar, B., Borsos, T., and Rapp, H J., New Engl. J. Med., 290, 
1413-1420, 1458-1469 (1974) 
6 Alexander, P , Natn. Cancer Inst. Mongraph, 39, 127-133 (1973) 
7 Hibbs, J. B., Jr, Science, 180, 868-870 (1973). 
8 Germain, R N., Williams, R. M , and Benacerraf, B,J natn Cancer Inst., 54, 
709-720 (1975). 
9 Thap M , Palmer, J C., and Manson, L A, J. Immun Meth., 4, 301-315 
a ʻ 
10 Kiessling, R., et al., J. exp. Med., 143, 772-780 (1976) 
11 Herberman, R . Nunn, M., and Lavrın, D., Int. J. Cancer, 16, 216-229 (1975) 
12 Herberman, R , Nunn, M., Holden, H.,and Lavrin, P , Jat. J Cancer, 16, 230-239 


(1975) 

13 Kisses R., Klein E, Pross, H., and Wigzell, H., Eur J. Immun , 5, 117-121 
1975). 

14 ae G^, Zukost, C. F., and Moller, G., Clin exp. Immun., 3, 817-836 
1968). fe 


15 Kamat, R , and Henney, C. S., J. Immun., 115, 1592-1598 (1975) 
16 Cerottini, J.-C , Engers, H., MacDonald, H , and Brunner, K T., J. exp Med. 
140, 703-717 (1974). 








Spleen cells from Schistosoma 
mansoni-infected mice produce diffusible 
stimulator of eosinophilopoiesis in vivo 


We have previously demonstrated that a diffusible stimu- 
lator of eosinophilopoiesis is produced in mice after second- 
ary injection with tetanus toxoid (TT). Lymphoid cells 
from TT-primed animals are capable of producing a dif- 
fusible eosinophilopoietic stimulator in non-primed hosts 
on intraperitoneal TT injection’. To establjsh that this is 
not a unique phenomenon, limited to this antigen, but 
rather that it is characteristic of antigen-induced eosino- 
philias and associated eosinophilopoietic responses, we have 
studied eosinophilopoiesis in a parasite-induced eosinophilia. 

Mice with experimental schistosomiasis exhibit marked 
peripheral eosinophilia’, also observed in patients with this 
infection‘. Spleen cells (SC) from Schistosoma mansoni- 
infected mice were tested for their ability to produce a 
diffusible stimulator of eosinophilopoiesis in response to an 
injection of a soluble schistosomal egg antigenic (SEA) 
preparation’. 

Prospective SC donors were injected intraperitoneally 
with 125 S. mansoni cercariae 8-12 weeks before use; con- 
trol SC donors were untreated. Peripheral eosinophil levels 
in infected mice remained at normal levels (<5%) until 
between weeks 7 and 8 after infection. They then increased 
to 7-14%, at which level they remained until the last 
animal was killed at week 12. Liver and lung sections from 
infected mice contained large eosinophil-containing 
granulomas surrounding schistosoma ova. 

The quadrachamber diffusion assembly’ was used to cul- 
ture normal C57BL/6Ja bone marrow cells transfilter 
in vivo from SC from S. mansoni-infected, or normal, non- 
infected, isogeneic mice Chamber assemblies were im- 
planted in. the peritoneal cavities of non-infected CS7BL/ 
6Ja or B6D2F, (C57BL/6JaxDBA/2) mice. One hour 
after implantation, host mice received an injection of 25 ug 
protein SEA intraperitoneally. Six days after implantation, 
chambers were recovered and assayed for total and differ- 
ential cell counts (see Fig. 1). 

After killing and assaying, significantly greater total and 
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Table 1 Quadrachamber diffusion assembly bone marrow cellularity 6 d after intraperitoneal implantation in normal C57BL/6Ja mice* 





Chamber marrow cellularity+ 








Spleen cell source Total cells % Granulocytes % Eosinophils Granulocytes Eosmophils % Eosinophils 
(non-eosinophil) (non-eosinophil) (x 107) Granulocytes 
(x 10-*) 
Uninfected mice (13)§ 0.77 +0.08 40.88+1.91 2.95 +0.36 0.324-+0.040 0.022 +0.004 6.50.6 
S. mansoni-infected mice (13) 0.65 +0.07 35.70 42.33 7.01 +0.59 0.232 +0.029 0.042 +0.004 17.0+1.6 
P value{ : NS NS <0.001 NS <0.005 <0.001 


1 


* Data are summarised from two ındependent experiments. 
t Mean-+s.e.m. 


t 107 cells from the source indicated. All host mice received 25 ug protein-soluble (SEA) preparation intraperitoneally within 1 h after implant. 


§ Number of chamber assemblies assayed. 


{| Test for significance determined by independent ż test on data from paired chambers only. 


NS, Not significant (P > 0.1). 


percentage eosinophil granulocyte counts were present in 
bone marrow populations transfilter from infected SC 
compared with those transfilter from non-infected SC 
(Table 1). Total eosinophils were 0.042 x 10° compared with 
0.022 x 10° in controls (P<0.005), representing a percentage 
eosinophil granulocytes of 7.01 and 2.95, respectively 
(P<0.001). The difference in eosinophil Jevels was not attri- 
butable to differences ın total cell counts, percentage 
granulocytes or total granulocytes, as no significant differ- 
ences were seen in these parameters for the two bone 
marrow cell populations Expression of eosinophils as a 
percentage of total granulocytes (%4E/TG) gives a further 
indication that increases in eosinophil levels did not cor- 
relate with total granulocyte changes. In these studies, the 
%E/TG was 17.0% transfilter from infected SC com- 
pared with 65% across from non-infected SC, confirming 
the specificity of the stimulus for eosinophils. 

These results indicate that spleen cells from schistosoma- 
infected mice are capable of producing a diffusible sub- 
stance stimulatory for eosinophilopoiesis and are consistent 
with previous‘ experiments that demonstrated the produc- 


Fig. 1 Quadrachamber diffusion assembly assay. SC donors 
received either 125 S. mansoni cercariae intraperitoneally or no 
treatment 8-12 weeks before quadrachamber diffusion assembly 
implantation. Chamber assemblies composed of two diffusion 
chamber doublets with 0.22 Millipore filters on both sides, and 
between upper and lower chambers, enable diffusion within 
doublets, and with the peritoneal fluid, but not directly 
between doublets. Upper chambers received 10’ spleen 
cells from either the normal or schistosome-infected donors 
in 0.1 ml suspending fluid (6 parts M199 : 2 parts buffer : 1 part 
plasma-EDTA). Lower chambers received 10° normal bone 
marrow cells in 0.1 ml suspending fluid. Chamber assemblies 
were implanted intraperitoneally ın C57BL/6Ja or B6D2F, 
mice. Within 1 h after implantation, host mice received an 
intraperitoneal injection of 25 pg SEA in 0 2 ml saline. Six days 
later chambers were recovered, shaken ın 05% protease in 5% 
Ficoll in PBS, and individual bone marrow chamber contents 
were assayed for total and differenttal cell counts. 
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tion of a diffusible eosinophilopoietic factor by TT-primed 
lymphoid cells on secondary challenge. 

Increased peripheral eosinophil levels are seen in experi- 
mental animals and man during the course of S. mansoni 
infection. It has been shown that eosinophil granulocytes 
are prime components in the immune response to schisto- 
soma eggs’, and in vitro studies indicate that they may 
additionally be involved in immune-dependent destruction 
of schistosomula. It is therefore not surprising that an 
eosinophilopoietic factor would be produced in schisto- 
somiasis, 

Functional lymphoid cells are necessary for eosinophil 
response to antigens in which this has been tested®™’. The 
lymphoid cells evidently produce the stimulator of eosino- 
philopouesis in vivo as a part of their response to antigens 
which elicit eosinophilia and medullary eosinophilopoiesis, 
as in the case of TT and schistosomiasis. Murine or human 
lymphoid cells from schistosoma-infected individuals pro- 
duce a lymphokine-termed eosinophil stimulation promotor 
(ESP) on exposure to SEA in vitro™™™, ESP causes increased 
eosinophil migration in the in vitro assay conditions. 
Whether the eosinophilopoiesis stimulating factor is iden- 
tical or distinct from ESP needs to be determined. 

Further understanding of the processes regulating eosino- 
phil production may assist our understanding of the re- 
action to parasitic infection, and the mechanisms of 
granulopoiesis. 
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Novel approach to the 
treatment of hydatid disease 


Hypatip disease is a cyclozoonotic infection of man and 
certain other mammals which results from the cystic inter- 
mediate stage of the cestodes Echinococcus granulosus and 
E. multilocularis. The growth of these two species of para- 
sites is basically similar except that the latter undergoes 
tumour-like metastatic dissemination. The present know- 
ledge about immunity to this disease is incomplete; however, 
recent reports from this laboratory’* have defined certain 
basic aspects of the immune response to secondary echino- 
coccosis. These studies have demonstrated the rapid in vitro 
lysis of protoscoleces by the complement proteins when 
these are activated by surface immunoglobulins acquired 
in vivo by the larvae within the cysts. We also have evidence 
(unpublished data) that host serum proteins, including IgG 
and IgM immunoglobulins, are found within the cyst 
tissues of E. multilocularis, as previously demonstrated in 
E. granulosus‘; Rau and Tanner’ have demonstrated that 
heat-inactivated serum from infected ‘hosts is cytotoxic to 
the protoscolices of E. multilocularis in vitro. Based on 
these results, we now hypothesise that anti-Echinococcus 
antibodies in the serum of infected animals can ‘“‘recognise” 
antigenic sites on the parasite but are unable to reach these 
sites in sufficient quantities under the natural conditions of 
the infection; given the opportunity of contact, these cyto- 
toxic antibodies would subject the parasites to the dele- 
terious effects of the immune response. We now present 
results which show that cysts of E. granulosus are killed 
when the fluid within these cysts is replaced with the fresh 
serum of infected animals and suggest this immunotherapy 
as a novel treatment of hydatid disease. Similar replacement 
of the fluid of E. multilocularis cysts also successfully killed 
the treated cysts; but the cyst mass continued to grow by 
surface budding. 

In a series of experiments, sterile and fertile free peri- 
toneal cysts of E. granulosus from infected A/J mice were 
transplanted into the peritoneal cavities of normal cotton 
rats (Sigmondon hispidus). Sixty days later, laparotomy was 
performed and the cysts treated as described in Table 1. 

When the fluid was replaced with fresh serum from in- 
fected hosts (group 3), the cysts showed signs of regression 
by day 30 and became opaque, compared with the healthy 
transparent cysts in the controls (groups 1 and 2). From 
day 60-150, the laminated membrane of the treated cysts 
thickened, fluid was lost and the germinal membrane col- 
lapsed; the protoscolices within these cysts were degener- 
ated and dead and failed to produce an infection when 
inoculated into susceptible animals. 

Various hypotheses have been proposed to account for 
the survival of parasites in immunologically competent 
hosts’. The data presented in this report confirm our 
working hypothesis and also offer a practical approach to 
the biological/medical treatment of E. granulosus cysts. 
Thus, in spite of the claim that hydatid cysts induce an in- 
sufficient adverse host response”, our results indicate that 
circulating anti-Echinococcus antibodies can kill these cysts 
if they contact the inner surface of the germinal membrane 
in sufficient quantities. These results raise the possibility 
that the cyst membrane is either impermeable to cytotoxic 
antibodies and thus selectively permeable to macromole- 
cules, or that these antibodies pass into the cysts in quan- 
tities too small to destroy the parasite. Since macromole- 
cules of host origin have been demonstrated in hydatid 
cysts’*'*, we conclude that the latter mechanism is 
operative in hydatid infections and would explain the long 
persistence of hydatid cysts in the immunologically hostile 
environment of the host. Furthermore, a breakdown in the 
mechanisms controlling permeability of the membrane and 


Nature Vol. 262 August 12 1976 





Table 1 Effect of the replacement of hydatid fluid by serum on the 
growth of Echinococcus granulosus cysts in cotton rats 





Group No. of Treatment No. of viable cysts 
animals Total no. of cysts 
1 6 None 6/6 
2 6 Normal cotton rat 6/6 
serum 
3 6 Infected cotton rat 0/6 
serum 





Adult cotton rats were each surgically transplanted with one cyst 
(1-3 cm in diameter) of E. granulosus. Two months later laparotomy 
was performed and the following treatments carried out: Group 1: 
no treatment; groups 2 and 3: the cysts were punctured with a 22 
gauge needle and the fluid was aspirated and replaced by an equal 
volume of 20% ice-cold fresh serum (in Medium 199) from normal 
or heavily infected cotton rats (>30 g cyst mass), respectively. 
The needle, an empty syringe and a syringe containing the diluted 
serum were fitted on to a 3-way valve (Pharmaseal) and used in the 
above procedure. Cyst growth and survival was determined every 
30d on laparotomy in alternate animals. The experiment was ter- 
minated on day 150 after treatment when the viability of the cysts 
was determined both macroscopically at necropsy as well as by an 
increase in cyst size and/or by the eventual formation of proto- 
scolices in the sterile cysts after subsequent transplantation into 
susceptible animals 


the consequent leakage of cytotoxic antibodies into the cysts 
could account for dead hydatid cysts found sometimes in 
infected animals. 

Although surgery is the commonest treatment for hydatid 
disease’*''*, it is often unsuccessful since spillage of cystic 
contents, particularly protoscolices, during surgical re- 
section can result in anaphylactic shock and secondary 
hydatidosis. Furthermore, surgery is impractical when the 
cysts are embedded in vital organs, such as heart and brain, 
or when resection of the parasite also necessitates the 
excision of tissues that are vital to the host. Our findings 
suggest the possibility that a hydatid infection with E. 
granulosus can be treated and the parasite killed by re- 
placing the fluid within the cysts with fresh serum from 
the infected host. Since the need for surgical resection 
would no longer be necessary, spillage of protoscolices and 
hydatid fluid is minimised and the host need not be sub- 
jected to ethanol, formalin or hypertonic saline which are 
currently used to kill the parasite before resection. Proto- 
scolices that might escape as a result of this treatment 
would have been lysed by the complement proteins in the 
injected fresh serum. This new approach provides, for the 
first time, a practical immunotherapeutic method to treat 
and kill surgically non-resectable E. granulosus cysts. 
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Identification of breast cancer 
transcortin and its inhibitory 
role in cell-mediated immunity 


THE successful development and maintenance of a 
neoplastic malignancy is generally accepted to result from 
a temporary or lasting suppression of cell-mediated immune 
mechanisms. Many studies illustrate that whereas lympho- 
cytes of a cancer patient are functionally sound, their par- 
ticipation in cell-mediated immune responses to an anti- 
genic neoplasm is abrogated by factors present in the 
plasma’. Among such factors identified are certain plasma 
proteins whose concentrations are markedly higher in the 
plasma of the cancer patient’, We have shown that the 
content of transcortin, the cortisol-binding protein of human 
plasma, is higher in patients with demonstrable cancer’, 
and since transcortin inhibits the response of human lym- 
phocytes to phytohaemagglutinin*, a test generally accepted 
as demonstrative of active cell-mediated potential, we have 
attempted to study the relationship of such elevated levels 
of plasma transcortin to breast cancer. 

The question of whether serum obtained from freshly 
diagnosed breast cancer cases inhibits the response of 
normal human lymphocytes to the presence of phyto- 
haemagglutinin is answered by the data presented in Table 
1. The inhibition of the incorporation of *H-thymidine into 
DNA promoted by such sera remains even after exhaustive 
dialysis, and therefore the responsible factor must be a 
species whose molecular weight is in excess of 10,000. In 
addition, we have tested the suppressive property of these 
sera on the incorporation of DNA precursors by lympho- 
cytes of the RPM 1-1788 cell line, and a similar inhibition 
was also found with all such sera tested. We also note that 
transcortin inhibits the incorporation of thymidine by either 
normal or RPM I-1788 lymphocytes. 

Since breast cancer sera have been shown previously to 
contain two to three times as much transcortin as those of 
the corresponding normal females (our unpublished work), 
and since transcortin also inhibits the synthesis of DNA 
by human lymphocytes‘, we investigated the relationship 
of increased levels of transcortin to the existence of the 
breast tumour; of primary concern was the question of 
the source of the increase in plasma transcortin. Previously, 
we used a transcortin-specific antibody tagged with fluo- 
rescence, which we applied to frozen sections of tissues. 





Table 1 Effect of breast cancer sera and transcortin on the incorpora- 
tion of *H-thymidine by normal lymphocytes stimulated with PHA, 
and by RPM I-1788 lymphocytes 


Mean c.p.m. +s.d. % Difference 
(1)* Normal lympho- 


cytes stimulated 


with PHA 
Normal sera 5 6,680 + 180 — 
Breast cancer sera 10 4,290 + 165 36% 
Transcortin 5 3,460+ 51 48% 

(2)+ RPM I-1788 

lymphocytes 
Normal sera 2,065+ 82 — 
Breast cancer sera 10 842 +38 —60% 
Transcortin 5 1,386 +18 —33% 





*5x 10° Normal human lymphocytes were incubated in 2 ml of 
medium containing PHA with 0.2 ml of sera from normal or breast 
cancer patients, or with 50 mg of purified human transcortin*. At the 
end of 72h incubation, 2 Ci of *H-thymidine was added to each 
culture and incubation was continued for an additional 2 h. 

t5 x 10° RPM I-1788 lymphocytes were incubated in 2 ml of media 
vith normal or breast cancer sera, or transcortin as above. 
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Fig. 1 


Fresh biopsy breast tissues frozen rapidly and sectioned 
at a thickness of 4 um. The sections were air dried and fixed in 


ice-cold acetone, and stored at —20 °C. Fluorescein-labelled 
transcortin antibody was applied as previously described*. 


This permitted the in situ identification of intracellular 
transcortin in human liver’ and lymphocytes’ as well as in 
the syncytiotrophoblastic cells of the human placenta‘. In 
the case of both the liver and the placenta, this molecule 
seems to be synthesised within the tissues studied and sub- 
sequently released to the immediate circulatory supply of 
the representative tissues. On the basis of the placental 
transcortin study, we reasoned that breast tissue might also 
demonstrate the in situ presence of a species recognisable 
by the fluorescein-labelled transcortin-specific antibody. 
Figure 1 illustrates that transcortin is present within the 
sectioned cells of the human breast cancer tissue. No trans- 
cortin has been detected by this technique in normal breast 
tissue. We have also studied other breast diseases in this 
way and have noted that transcortin almost exclusively 
occurs in malignancies of the breast. Table 2 shows that 
whereas 52 norma! breast tissues gave negative results, 
almost 95% of all breast cancers examined contained trans- 
cortin. It is interesting to note that the condition of gyno- 
comastia in the male, a benign tumour influenced by 


Table 2 Fluorescent localisation of transcortin in breast lesions 





No. of 

cases %, Positive 
Normal breast 52 0 
Duct cell carcinoma 18 94 
Lobular carcinoma l 0 
Fibroadenoma 12 8 
Fibrocystic disease 16 13 
Gynaecomastia l 100 


excessive oestrogen levels, is also positive for transcortin. 

In an effort to define the functional role of breast cancer 
transcortin, we have tested the possibility that cytosols of 
breast cancer tissues could, as transcortin and breast cancer 
sera, limit the response of lymphocytes to PHA stimula- 
tion. Table 3 illustrates that only breast cancer cytosol 
exhibits appreciable inhibitory qualities in the incorporation 
of thymidine into the DNA of either normal or RPM I-1788 
lymphocytes. The inhibitory factor is non-dialysable, and 
furthermore the inhibition can be obviated if cytosols are 
stripped of transcortin by previous incubation with the 
transcortin-specific antibody. 

In summary, our studies indicate quite strongly that 
breast cancer tissue contains a transcortin-like species 
capable of limiting the response of human lymphocytes to 
PHA. Since oestrogens are known to induce breast cancer 
in both females’ and males’, and since oestrogen also 





Table 3 Effect of normal and breast tumour cytosol on the incor- 
poration of *H-thymidine by PHA-stimulated human lymphocytes 
and RPM I-1788 lymphocytes 


No. of Average 
separate difference from 
(1) Normal lymphocytes stimulated experiments controls (%) 
with PHA 
Normal breast cytosol 11 —11 (+6) 
Dialysed 1 —2 
Tumour breast cytosol 11 —62 (+12) 
Dialysed 2 —58 
Transcortin 6 —50 (+2) 
Dialysed 2 —48 
(2) RPM I-1788 lymphocytes 
Control cultures 8 — 
Cancer breast cytosols 6 —80 
(3) Preincubation of breast cytosols 
with transcortin-specific antibody 
Normal breast cytosol —10 
Tumour breast cytosol 8 
Transcortin —11 





Breast tissues were obtained surgically, homogenised in 0,010 
M Tris- hosphate PH 7.4, the lipid layer removed and cytosols 
prepared by centrifugation for 3 h at 105,000g. Protein concentrations 
were adjusted to 10 mg m=. All cytosols prepared were used on that 
same day for all the above experiments. 0.2 ml of breast cytosols 
were added to cultures containing normal lymphocytes and PHA, or 
RPM I-1788 lymphocytes. Incubations were for 72 h at 37°C. At 
the end of this period, 2 Ci of *H-thymidine was added. Breast 
cytosols for some experiments were dialysed against 3 | of buffer 
for 24 h at 4 °C. In other experiments, breast cytosols were incubated 
with transcortin-specific antibody for 24 h at 4°C. The antibody- 
antigen complexes were removed by centrifugation. 


induces the biosynthesis of transcortin in liver’, the observa- 
tion that the oestrogen-induced gynocomastic lesion also 
contains transcortin lends support to the hypothesis that 
oestrogen promotes the successful development and main- 
tenance of a breast cancer by inducing the synthesis of 
transcortin within the abnormal cells. It is the release of 
this transcortin and its subsequent role in inhibiting the 
responses of T cells to the antigenic neoplasm which we 
believe to result in the successful maintenance of the breast 
cancer. 

We thank Bennie Denson and Daniel Pina for technical 
assistance, Gloria Daniti for the preparation of the manu- 
script and Allan Brown for the preparation of the figure. 
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Cyclic nucleotide-dependent phosphorylation 
of intestinal epithelium proteins 


Tue function of cyclic AMP as an important regulator of 
ion and fluid transport in the small intestine has been well 
documented’. The non-dividing maturating crypt cells and 
the differentiated villous cells are the main sources of cyclic 
AMP-mediated secretion of water and electrolytes during 
experimental cholera in rats and guinea pigs’’’. It has been 
proposed that cyclic AMP, analogous to its possible mode 
of action in kidney‘ and toad bladder* epithelial cells, con- 
trols ion movements across the apical membrane of the 
intestinal epithelial cell (enterocyte) by changing the state 
of phosphorylation of some protein(s) in the intestinal brush 
border’. Studies have shown, however, that adenylate 
cyclase’, the high affinity form of particulate cyclic AMP 
phosphodiesterase (unpublished observation) and receptor 
bound cyclic AMP (ref. 8) are localised predominantly in 
the basal-lateral membranes of the villous cell. In contrast, 
the luminal membrane is enriched in components of the 
cyclic GMP system, such as guanylate cyclase"''’, cyclic 
GMP phosphodiesterase (unpublished observation) and 
receptor-bound cyclic GMP (ref. 8). The polarisation of 
both systems in the enterocyte would be more consistent 
with a model in which cyclic GMP, rather than cyclic AMP, 
is involved in the regulation of ion transport across the 
brush border, whereas cyclic AMP action might be confined 
to the contraluminal membrane. To test this hypothesis 
further, we have studied the subcellular distribution of 
specific substrate proteins for cyclic nuclgotide-dependent 
protein kinases in isolated villous cells from rat small 
intestine. 

Brush borders, microsomal fractions (enriched in basal- 
lateral membrane markers, compare ref. 11) and a 
100,000g supernatant fraction (containing the cytosolic 
proteins) from villous cells were prepared as described 
previously?"""?. Subcellular fractions were incubated with 
y-"P-ATP in the presence of Mg**, the proteins were 
separated by sodium dodecyl sulphate (SDS)—polyacrylamide 
gel electrophoresis and stained with Coomassie blue. Sub- 
sequently, the gels were dried and processed for auto- 
radiography. 

Protein staining patterns of brush-border preparations 
(Fig. 1) were characterised by a high content of an actin- 
like protein (molecular weight ~ 46,000) identified earlier 
by Tilney and Mooseker in microvillous cores from chicken 
intestine’. Incubation in the absence of cyclic nucleotides 
revealed a number of ™P-labelled proteins, most of them 
not coinciding with major protein staining bands. Low con- 
centrations of cyclic GMP (0.05—1.0 uM) or high concentra- 
tions of cyclic AMP (1.0-10 #M) caused an additional phos- 
phorylation of a single brush-border protein (hereafter 
called protein B) with an apparent molecular weight of 
86,000. The radioactivity of this band most probably reflects 
labelled phosphate esterified to serine or threonine residues 
of the protein because: no radioactive band could be 
detected using a-P-ATP; lipid extraction, treatment with 
hydroxylamine, cold or hot trichloroacetic acid or cold 
sodium hydroxide before electrophoresis did not influence 
the extent of labelling; and treatment with 0.4 M NaOH at 
37 °C for 15h removed the label almost completely (results 
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Fig. 1 a, Protein staining. b and c, Autoradiographs: Effects of cyclic GMP and cyclic AMP on endogenous phosphorylation of brush 
borders isolated from rat enterocytes. Intestinal brush borders (100-150 ug of protein) without (b) or with (c) cytosolic proteins (60 ug) 
were preincubated for 3 min at 30 °C in a volume of 50 ul containing 40 mM histidine buffer, 50 mM manitol, 10 mM Tris-HCl, 5 mM 
sodium-B-glycerophosphate (to diminish degradation of ATP by alkaline phosphatase), 5 mM theophylline, 10 mM MgCl, and cyclic 
nucleotide concentrations as indicated (final pH 6.8). Phosphorylation (A and c) started by addition of 2 uCi y-**P-ATP (final concentration 
20 uM) and terminated after 10 s with 25 ul of a solution containing 60 mM Tris-HCl, 2mM ATP, 3% SDS and 30% glycerol (pH 7.4). 


To stop the reaction the mixture was heated immediately in a boiling w 


ater bath, cooled and provided with 0.5 °% B-mercaptoethanol. 40 pl 


aliquots were loaded on 10% acrylamide-0.1 % SDS slab gels (thickness | mm) with a 3% acrylamide stacking gel and run in the dis- 
continuous buffer system of Laemmli”? using a Slabophor apparatus (Pleuger, Wijnegem, Belgium). Electrophoresis was carried out for 
6-8 h at 30 mA. For the procedures of gel staining, drying and autoradiography we refer to Ueda et al.™, In the dephosphorylation experi- 
ments (B) brush borders were labelled first for 2 min at 0 °C as described above, followed by rapid sedimentation in an Eppendorf 3200 
centrifuge (30 s, 10,000 r.p.m.). The pellet was suspended in 50 ul of fresh medium prewarmed at 30 °C containing 10mM MgCl,, 5mM 
ATP and 50 mM Tris-HCl (pH 7.0). After 5-15 min of incubation at 30 °C, dephosphorylation was terminated as described above. Molecular 
weight determinations were carried out according to Weber and Osborn? using phosphorylase a, catalase, ovalbumin and chymotrypsinogen 
as markers. 


not shown). The phosphoprotein B caused one of the major 
peaks in optical density tracings of brush-border auto- 
radiographs but corresponded with only a minor band in 
the protein staining pattern (Fig. 1). Densitometric analysis 
also showed that incorporation of label into protein B pro- 
ceeded linearly with time for 10s at 30°C or 30s at 
0 °C. Incorporation was much lower in the presence of 
10mM Mn” or Ca?* and was nearly absent in the presence 
of Zn?* (5mM) or y-"P-GTP instead of ATP (data not 
shown). The apparent K, value for its phosphorylation by 
cyclic GMP (0.06 4M) was about 30-fold less than for cyclic 
AMP (24M; Fig. 2). The endogenous dephosphorylation 
of protein B was a relatively slow process. At 30 °C, half 
of the ”P label was removed after 5 min whereas 20% of 
the initial label was left after 15 min (Fig. 1). Dephos- 
phorylation rates did not change by addition of cytosolic 
proteins or cyclic nucleotides. The different turnover rates 
of the phosphoproteins on the autoradiograph (Fig. 1) sug- 
gest that the intrinsic phosphatase(s) in the brush border 
possess a certain degree of specificity towards their 
substrates, 

A cyclic GMP-dependent phosphorylation could not be 
detected in villous cell fractions other than brush borders. 
Presumably, protein B is an integral and specific component 
of the microvillous membrane. Its phosphorylation was still 
manifest in brush-border preparations purified according to 
Hopfer er al.” with a relatively low content of core material 
(result not shown). 
eIn spite of a wide variation in experimental conditions 


we were unable to show any specific effect of cyclic AMP 
on protein phosphorylation in isolated brush borders. If a 
cytosolic fraction was included in the system as a possible 
source of cyclic AMP-dependent protein kinase, a specific 
cyclic AMP-dependent phosphorylation of a 60,000 mole- 
cular weight protein was decided (Fig. Ic), but a similar 
radioactive peak of equal intensity appeared if the same 
amount of cytosolic protein was incubated alone (Fig. 3c). 
The corresponding apparent Ka for cyclic AMP was 
0.04 uM (Fig. 2). A protein with similar properties was also 
found in microsomal membranes (Fig. 3b). This protein is 
probably identical to the so-called ‘steroid and cyclic AMP 
regulated phosphoprotein’. (SCARP) detected by Green- 
gard’s group in cytosolic and membranous fractions from 
a large number of other rat tissues”*’*: its molecular weight 
is comparable to that of SCARP (49,000-54,000); it is seen 
as the highest labelled band on autoradiographs of cytosolic 
fractions (Fig. 3); replacement of Mg?* by Zn’* 5mM or 
Ca’* 2mM led to inhibition instead of stimulation of the 
phosphorylation rate by cyclic AMP, both in cytosolic and 
microsomal preparation (data not shown); and cyclic GMP 
up to 10“M was entirely ineffective and was also unable 
to modify the cyclic AMP response (Figs 2 and 3). The 
only unusual property of the microsomal substrate protein 
was the strong stimulation of its phosphorylation by cyclic 
AMP in the presence of Mg’*. In particulate fractions from 
most other tissues (synaptic membranes excepted"), cyclic 
AMP was hardly effective in this condition or even dis- 
played an inhibitory action (toad bladder’). 
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The present discovery of cyclic GMP-dependent phos- 
phorylation of a specific microvillous protein provides a pos- 
sible mechanism by which cyclic GMP might change the 
properties of transport systems exclusively at the luminal 
membrane of the villous cell. Phosphorylation of protein B 
might exert a direct effect on the ion transport properties 
of the membrane or, alternatively, might work rather in- 
directly by changing the contractility of the microvillous 
core. The latter mechanism could then be quite analogous 
to the action of cyclic GMP on smooth muscle contractility, 
most probably also mediated by changes in the phosphoryla- 
tion state of specific membrane-bound substrate proteins 
for cyclic GMP-dependent protein kinases” 

Since high concentrations of cyclic AMP are able to 
promote the phosphorylation of protein B as efficiently as 
cyclic GMP (Fig. 2) it may be proposed that brush border 
phosphorylation could also be changed by cyclic AMP in 
pathological conditions characterised by high levels of this 
nucleotide (cholera) or during in vitro incubations with 
high concentrations (10-10 M) of exogenously added 
cyclic AMP, dibutyryl cyclic AMP or theophylline’™”. 
Cyclic GMP levels might also be augmented in these con- 
ditions as a consequence of inhibitory or competitive effects 


Fig. 2 Incorporation of **P label in endogenous substrate 
proteins as a function of cyclic nucleotide concentrations. a, 
Protein B (brush border); b, gta protein (cytosol). 
For experimental conditions, see Fig. 1. IJ, Cyclic AMP; A, 
cyclic GMP. Absorbance of the 86,000 and 60,000 molecular 
weight bands on the autoradiographs were measured by 
scanning with a Vitatron Densitometer TLD 100 and peak 
areas were taken to be proportional to the amount of **P 
incorporated into each band. 
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Fig.3 Effects of cyclic AMP and cyclic GMP on the endogenous 
phosphorylation of microsomal (a and b) and cytosolic fractions 
(c) from isolated rat intestinal villous cells. Microsomes (200- 
250 ug protein) or soluble fractions (containing 60-100 ug 
protein) were phosphorylated for 15 s at 30°C as described in 
Fig. 1. a, Protein staining; b and c, autoradiographs. 


on cyclic GMP phosphodiesterases (unpublished and refs 
23-25). In contrast, phosphorylation of the SCARP-like 
protein—most probably absent in the brush border but 
enriched in microsomal preparations—could then be in- 
volved in cyclic AMP-dependent changes ùf ion transport 
across the basal—lateral plasma membrane. Direct measure- 
ments of the degree of phosphorylation of protein B and 
the SCARP-like protein in intact epithelium in different 
hormonal conditions and absorption or secretion states will 
be necessary to further substantiate this model. 
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In vitro inhibition of cyclic AMP 
phosphodiesterase by cortisol 


Hormona effects on cyclic nucleotide phosphodiesterase 
activity are assumed to play an important role in the regulation 
of intracellular cyclic nucleotide concentrations‘. The respective 
hormones vary widely with respect to function and structure, 
and comprise polypeptides, biogenic amines, and steroids 
including the glucocorticoids?-*. In no case, however, has the 
mechanism of hormonal action on cyclic AMP phosphodi- 
esterase clearly been established. It is not known whether the 
enzyme itself is the primary point of attack by the hormone or 
whether the observed changes in enzyme activity (for review, see 
ref. 1) are side-effects of hormonal action, since no conclusive 
in yitro studies have been undertaken so far. 

In the course of experiments designed to elucidate the pos- 
sible function of the adrenal glucocorticoids as stimulators of 
the cyclic AMP-mediated human chorionic gonadotropin 
(hCG) sensitivity of the postnatal Leydig cell in the rat®, we have 
tested the influence of cortisol on cyclic AMP phosphodiesterase 
activity in crude testis homogenates. For comparison, we have 


Fig. 1 Inhibition of cyclic AMP phosphodiesterase from rat 
testicular tissue. Dixon plot of the reciprocal of reaction velocity 
against cortisol concentration. Each point represents the mean of 
duplicate determinations. Cyclic AMP concentrations in the assay 
were 0.120 (@), 0.058 (W), and 0.036 CA) mM. Pooled testes 
from 20-d-old SIV 50 rats were homogenised with a motor-driven 
glass pestle in 10.9% sucrose 1:10 (w/v). The homogenate was 
sonicated with a Branson B12 sonrfier at setting 1 for 30s. All 
steps were carfied out in an ice bath. The homogenate was 
adjusted to pH 6.0 with 1 M acetic acid®, and a clear supernatant 
was obtained by centrifugation at 20,000g at 4°C for 20 min. 
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Fig. 2 Inhibition cf cyclic AMP phosphodiesterase from beef 

heart. Dixon plot of the reciprocal of reaction velocity against 

cortisol concentration. Each point represents the mean of dupli- 

cate determinations. Cyclic AMP concentration in the assay was 

0.0124 mM. The substrate was solved in 66 mM Tris-HCl buffer, 
PH 8.5, containing 1 mM MgCl. 


examined the effect of cortisol on the activity of the commer- 
cially available enzyme purified from beef heart. 

Cyclic AMP phosphodiesterase was assayed as described by 
Rutten et al.’. The incubation medium contained 66 mM Tris- 
HCl, pH 8.5, 1 mM MgCl,, 0.5 uM *H cyclic AMP (Amersham 
Buchler, specific activity 27 Ci mmol), varying concentrations 
of unlabelled cyclic AMP (Boehringer, Mannheim, Germany), 
and 25 ul diluted tissue homogenate supernatant or enzyme 
solution in a final volume of 140 u1. Homogenate supernatant 
and enzyme concentrations were adjusted to a total substrate 
conversion not exceeding 10% of the initial concentrations. 
After 20 min incubation at 37 °C (the reaction was at least 2h 
linear) the reaction was stopped by placing the tubes into boiling 
water for 2 min; 8 mU 5’ nucleotidase (Sigma) were added, the 
mixture was centrifuged (10 min at 10,000 g) and 100 pl of the 
supernatant were applied to a column (20x 6mm) filled with 
DOWEX 200-400 mesh (Serva). The column was eluted with 
10 ml 0:1 M NaHCO,, the eluate mixed with 10 ml scintillation 
fluor (Szintigel; Roth, Karlsruhe, Germany) and counted in a 
Tri-Carb scintillation counter. Inhibition experiments were 
carried out with homogenate supernatants as well as with 
enzyme solutions preincubated with 0.5-10 uM cortisol (Merck, 
Darmstadt, Germany) at 37°C for 20 min. The ethanol, in 
which cortisol had been dissolved, was evaporated before addi- 
tion of the enzyme solutions, since the presence of ethanol 
heavily interfered with the phosphodiesterase assay. The phos- 
phodiesterase assay mixture was adjusted to the corresponding 


‘concentrations of cortisol. Controls, containing no cortisol, 


were preincubated and assayed in parallel. 

The results of our experiments demonstrate that both testi- 
cular and beef heart cyclic AMP phosphodiesterase can be 
inhibited by cortisol at low concentrations. In: Figs 1 and 2 the 
reciprocals of the reaction velocities are plotted against cortisol 
concentration®. The curves obtained can be easily interpreted as 
a partially competitive type of inhibition. This type of inhibition 
occurs when an intermediate complex of enzyme-substrate— 
inhibitor is formed, which then breaks down at the same rate 
as the enzyme-substrate complex, the inhibition therefore being 
purely an effect on affinity (Fig. 3). Assuming that product 
formation is rate-limiting and the enzyme, enzyme-substrate, 
enzyme-inhibitor, enzyme-inhibitor—substrate are rapidly equili- 
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EP 


EIP 


Fig. 3 Reaction scheme: partially competitive inhibition. E, 

Enzyme; EP, enzyme—product; EI, enzyme-inhibitor; EIP, 

enzyme-inhibitor-product; P, product; S, substrate; ES, 
enzyme-substrate; I, inhibitor. 


brating, the ‘rapid equilibrium treatment’ easily leads to the rate 
equation® 


y 
Katik) 
s+ OK\KalK') 


The plateau of the resulting curve is attained he all the 
enzyme is combined with inhibitor, and the degree of inhibition 
can increase no further. 

Electrophoretic investigations of testis homogenates from 
20-d-old rats revealed a single enzyme species possessing 
cyclic AMP phosphodiesterase activity. This enzyme exhibited 
true Michaelis-Menten behaviour in the range of substrate con- 
centrations tested (0.6mM-4.5 uM). Before the inhibition 
constants could be calculated, K,, and V had to be determined. 
We found the specific activity to be 1.5 mU per mg protein and 
the Michaelis constant to be 0.018 mM. Our results are largely 
consistent with the data reported by other workers!®. The Km 
and the specific activity of the commercially available phos- 
phodiesterase purified from beef heart were 0.13 mM and 37 mU 
per mg protein, respectively. The range of substrate concentra- 
tions tested was 0.36 mM-—2.9 uM. 

K; and K’, were calculated by fitting a curve to thee experi- 
mentally determined values of Figs 1 and 2 in an iterative pro- 
cedure making use of an appropriate computer program. 
Subsequently the equilibrium constant K’, was determined 
according to the equation 


K,/K’, = KJK’; 


Values of Kn, K's, Ki and K’, for the enzymes from fa testis 
and beef heart are summarised in Table 1. 

Thus, high K,, cyclic AMP phosphodiesterases from two 
different sources, regardless of purity, seem to be inhibited by 
the same mechanism at low concentrations of cortisol. We have 


Table 1 Equilibrium constants for enzymes from rat testis and 








beef heart ; l 

Kau (mM) K.™mM) KaM KiM) 
Rat testis 0.018 0.075 '0.05 0.21 
Beef heart 0.13 0.37 0.15 0.43 
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recently shown that low Km cyclic AMP phosphodiesterase 
present in the testicular tissue of the 10-d-old rat can be inhibited 
by cortisol in a manner indicative of the partially competitive 
type of inhibition (W. E., M. F., J. Frowein and J. S., un- 
published). It is tempting, therefore, to speculate that many of 
the so-called ‘permissive effects’ produced by glucocorticoids on 
cyclic AMP-mediated processes!?!? reflect in fact a direct 
interaction of these hormones with cyclic AMP phosphodi- 
esterase®, 
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(—)-Propranolol inhibits the 

behavioural responses of rats 

to increased 5-hydroxytryptamine -> > 
in the central nervous system 


THERE are now several reports of the beneficial effect of 
large doses of (+)-propranolol in the treatment of various 
psychoses, particularly schizophrenia’*. These reports 
prompted us to investigate whether propranolol had any 
effect on the behavioural syndrome produced in rats by 
increasing the functional activity of 5-hydroxytryptamine 
(5-HT) or dopamine (DA) in the central nervous system. 
Our results indicate that large doses of (—)-propranolol but 
not (+)-propranolol inhibit the behavioural responses 
resulting from increased functional activity of central 5-HT 
but not DA. 

To investigate the action of propranolol on brain 5-HT 
function we used a behavioural model‘ reviewed elsewhere’. 
This involves the injection of tranylcypromine and 
L-tryptophan and measurement of the hyperactivity that 
results from the increased synthesis of 5-HT and its “spill- 
over” into functional activity. 

Rats were given (+)-propranolol (40 mg kg™) by intra- 
peritoneal injection or saline and 45 min later given tranyl- 
cypromine followed by L-tryptophan (details in legend to 
Fig. 1). All aspects of the hyperactivity syndrome were 
almost totally inhibited by (+)-propranolo! pretreatment 
(Table 1). 

No evidence was found for alteration of the steady-state 
concentration of whole brain 5-HT, 45min after (+)- 
propranolol (40 mg kg™). Both the rate of 5-HT synthesis 
and the rate of accumulation of 5-HT following administra- 
tion of tranylcypromine and L-tryptophan were also un- 
altered by the single injection of (+)-propranolol. This 
demonstrated that propranolol was not exerting its effect on 
the hyperactivity syndrome by altering 5-HT biosynthetic 
mechanisms and suggested that the drug was in some way 
altering postsynaptic responses to 5-HT receptor stimulation. 
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This was examined indirectly by injection of. the sug- 
gested 5-HT agonist 5-methoxy N,N-dimethyltryptamine 
(S-MeODMT). This compound produces a hyperactivity 
syndrome qualitatively identical to that seen when tranyl- 
cypromine and L-tryptophan are given but with a different 
time course and it has been suggested that this compound 
stimulates central 5-HT receptors’. iz 

Pretreatment of rats with (+)-propranolol (40 mg kg™) 
45min before tranylcypromine (20mgkg™”), with 5- 
MeODMT (2 mg kg™’) given 30 min later resulted in almost 
complete abolition of the hyperactivity response. A similar 
reduction in the hyperactivity was seen in rats pretreated 
with (+)-propranolol! (40mgkg™) following subsequent 
administration of tranylcypromine and 5-methoxytryptamine, 
another suggested 5-HT agonist’*. These results indicated 
therefore that propranolol inhibits the behavioural changes 
‘produced by central 5-HT stimulation and that it probably 
does so by means of a postsynaptic 5-HT receptor mechan- 
ism or through an effect on neuronal structures connected 
to these receptors. 

The hyperactivity once established could be considerably 
reduced within 5 min by injection of (+)-propranolo] (40 mg 
kg") (Fig. 1). Furthermore, no inhibition was observed 
when (+)-propranolol (40 mg kg™) was given 3 h before the 
tranylcypromine administration: Since the half life of pro- 
pranolol is about 40 min (ref. 9) these results suggested that 
the effect of propranolol was due to the parent compound 
rather than a metabolite. This view was strengthened by the 
observation that pretreatment of the rats with the drug 
metabolising enzyme inhibitor SKF525A, while not altering 
the hyperactivity seen when tranylcypromine and tryptophan 
were given, did make (+)-propranolol effective in inhibiting 
the hyperactivity at a dose (20 mg kg™’) which is normally 
almost ineffective (Table 1). 

The effect of the two isomers was next examined to 
determine whether both forms of the drug were equally 
active in inhibiting the 5-HT induced hyperactivity 


Fig. 1 Effect of (+-)- and (—)-propranolol on the hyperactivity 
produced by administration of tranylcypromine and L-trypto- 
phan. Groups ©f 3 rats (male Sprague-Dawley, 160-200 g, 
Anglia Laboratory Ammals, Huntingdon) were injected with 
either saline (W), (—)-propranolol, 20 mg kg— (@), 15 mg kg 
(O), 10 mg kg™ (A) or (-+)-propranolol, 20 mg kg™ ( A). After 
45 min all groups were injected with tranylcypromine (20 mg 
kg) and L-tryptophan (L-Trp; 50 mg kg-) 30 min later. Fig. 1 
shows subsequent changes in activity in each group using LKB 
Animex activity meters (sensitivity and tuning: 30 pA). The 
behavioural changes observed and method of measurement were 
exactly as described previously‘. The effect of administration of 
(+)-propranolol (40 mg kg~) to rats already displaying hyper- 
activity is also shown ((_]), the drug being administered at the 


arrow. 
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Table 1 Effect of (-L)-propanolol pretreatment on hyperactivity 
induced by tranylcypromine and L-tryptophan 








Total movements during 90 min 


Injected following L-tryptophan (50 mg kg~) 
Saline i 5,316+ 598 (8) 
(+)-Propranolol (40 mg kg~4) 886+ 284 (3)* 
(—)-Propranolol (20 mg kg~+) 1,0414+ 357 (3) 
(+)-Propranolol (20 mg kg-) 4,558-+ 319 (3) 
(+)-Propranolol (20 mg kg~) 4,090+ 759 (4) 





(+)-Propranolol (20 mg kg) 


+SKF 525A (2x10 mg kg) 1,7404 180 (3)t 


Pronethalol (40 mg kg!) 3,631+ 475 (4f 
Practolol (40 mg kg) 4,728+ 920 (4) 
Butoxamine (40 mg kg) 5,355 +1,031 (3) 
. Total movements during 60 min 
following L-dopa (50 mg kg™’) 
Saline 3,140+ 180(3) 


(—)-Propranolol (20 mg kg) 3,305+ 110@) 





Rats were injected with propranolol, pronethalol, practolol or 
butoxamine 45 min before tranylcypromine and activity measured 
following subsequent L-tryptophan or L-dopa administration as 
described in caption to Fig. 1. All drugs were dissolved in 0.9% 
saline except practolol which was suspended in 0.9 % saline containing 
1% carboxymethylcellulose and all these drugs were injected intra- 
peritoneally. In the SKF 525A experiment rats were injected sub- 
cutaneously with SKF 525A (10 mg kg) 30 min before and 30 min 
after the propranolol administration, tranylcypromine being given 
45 min after propranolol as before. Results expressed as mean +s.e.m. 
with number of observations in brackets. 

*Different from saline P < 0.01. 

+Different from saline P < 0.05. 

{Different from (-+)-propranolol (20 mg kg) P < 0.01. 





response. Injection of (—)-propranolol (20 mg kg™) 45 min 
before the tranylevpromine administration abolished the 
hyperactivity following subsequent tryptophan injection as 
effectively as when (+)-propranolol (40 mg kg™*) had been 
given (Fig. 1 and Table 1) and the hyperactivity was in- 
hibited. by (—)-propranolol in a‘dose dependent manner 
(Fig. 1) Injection cf (+)-propranolol (20 mg kg™*) however 
was without effect on the hyperactivity (Fig. 1) suggesting 
that it is only the (—)-form of the drug in the racemate 
that is inhibiting the 5-HT induced behavioural changes. 

To find,out if propranolol had any effect on brain dopa- 
minergic function we examined whether propranolol 
administration altered the locomotor activity produced by 
administration to rats of tranylcypromine and L-dopa since 
this activity seems to be almost solely the result of 
stimulation of dcpaminergic systems in the brain”. 
Administration of (+)-propranolo] (40 mg kg™) or (+) or 
(—)-propanolol (20 mg kg™) 45 min before the tranylcypro- 
mine did not alter the locomotor activity seen after 
subsequent L-dopa administration (Fig. 2). This indicated 
that propranolol has no inhibitory action on DA neuro- 
transmission, a cozclusion strengthened by two further 
observations. First (—)-propanolol (20mgkg™’) did not 
inhibit the rotation produced by amphetamine (5 mg kg™) 
in unilateral nigrostriatal lesioned rats and it is believed that 
turning produced in these animals by amphetamine is the 
result of dopaminergic stimulation’”. Furthermore, 
propranolol is ineffective in inhibiting striatal dopamine 
sensitive adenylate cyclase“, a finding confirmed in our 
current studies. It was also found that (+)-propranolol 
(40 mg kg™) had no effect on brain DA or noradrenaline 
concentration 45 min later. 

The effect of other -adrenergic receptor blocking drugs 
was also investigated. Propranolol is a 8, and B receptor 
blocking agent, and being lipid soluble enters the brain. 
The structurally related drug pronethalol (40 mg kg™) was 
almost ineffective in inhibiting the 5-HT mediated response, 
as was butoxamine (40 mg kg™’) a lipid soluble 8: antagonist 
(Table 1). Practolc] (40 mg kg™) a B: receptor blocking 
agent that does not enter the brain in significant quantity“ 
did not inhibit hyperactivity (Table 1). Thus propranolol 
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Fig.2 Effect of (—)-propranolol on the locomotor activity 
produced by administration of tranylcypromine (Tcp) and L-dopa. 
Groups of 3 rats were injected with either saline (@) or (—)-’ 
propranolol, 20 mg kg™ (O). After 45 min both groups were 
injected with tranylcypromine (20 mg kg) with L-dopa (50 mg 

kg~*) 30 min later, The figure shows subsequent changes, in 
activity. The behavioural changes observed were as described 

previously”. 


was the only one of the B-adrenergic blocking drugs tested 
to inhibit 5-HT induced hyperactivity. Furthermore, this 
action cannot be ascribed to any tranquillising action of 
propranolol, since previous studies in rats have shown both 
isomers to be equipotent in this respect’**® 

The results therefore all suggest that propranolol inhibits 
central 5-HT function, a finding that is analagous to the 
recent observation that (—)-propranolo] (but not the (+)- 
isomer) blocks neurotransmission produced by 5-HT in the 
cat cervical ganglion”. 

If our conclusions are correct that propranolol inhibits 
central 5-HT neurotransmission and if future studies con- 
firm its efficacy in the treatment of schizophrenia then there 
are several important implications. 

Much interest has been focused on the dopamine 
receptor blocking action of neuroleptics as their mode of 
action, as anti-psychotic drugs***® and indeed this has led to 
suggestions that increased activity of dopamine pathways 
may be involved in the aetiology of schizophrenia. If 
propranolol inhibits the central effects of 5-HT but not 
dopamine and if it is effective by this mechanism in schizo- 
phrenia then indirectly this points to an involvement of 
5-HT as well as, or instead of, dopamine in this condition. 
Indeed, if 5-HT mechanisms were involved at a higher 
organisational level than dopaminergic mechanisms then the 
action of current neuroleptics could still be explained by 
their action on dopaminergic mechanisms. In rats inhibition 

`of dopaminergic function either by use of neuroleptic 
drugs®” or the decrease of brain dopamine concentration” 
blocks the behavioural responses to increasing 5-HT 
functional activity in the brain. Thus it seems that’ blocking 
dopaminergic activity can result in inhibition of certain 
aspects of central 5-HT function. 

The demonstrated effect of propranolol on central 5-HT 
function, raises the question as to whether this is the mode 
of its action as an anti-schizophrenic drug and, if so, the 
role of 5-HT in schizophrenia. 

We thank Ann F. C. Tordoff for technical assistance, 
Dr D. T. Greenwood of ICI Pharmaceuticals for pro- 
pranolol and discussions and Burroughs Wellcome for 
butoxamine. ` 
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Decreased uptake of 5-hydroxytryptamine 
in blood platelets from depressed patients 


Tue search for biological aberrations in affective ‘disorders 
has been intensified within the last few’years’. Special atten- 
tion has been given to the ‘changes in the metabolites of 
5-hydroxytryptamine (5-HT) and of catecholamines in’ the 
cerebrospinal fluid’. In this laboratory? as well as in ‘several 
others*’® the blood platelet has been used as an easily obtain- 
able model of 5-HT neurones. Studies on the storage, meta- 
bolism and uptake of 5-HT in various neurological and 
mental illnesses have been largely negative’®’ except in 
Down’s syndrome*’. Neither in schizophrenia’ nor in 
affective illness’ have any changes been found. By using low 
substrate concentrations and measuring the initial uptake 
rate, both the uptake kinetics in platelets and the inhibitory 
potencies of antidepressant drugs were recently shown to 
correlate well with those found in ‘synaptosomes™. It was 
therefore of considerable interest to examine the kinetics of 
5-HT uptake anew, in the platelets of certain psychiatric 
patients, notably those with manic-depressive illness. This 
report indicates that in the platelets of depressed patients 
the uptake of 5-HT is clearly decreased. 

The patients studied. were newly hospitalised with a 
diagnosis of depression. None of them’ had used tricyclic 
antidepressants or any other drugs known to interfere with 
the amine transport mechanisms for at least two days before 
the study commenced and some of them had never used 
antidepressants. Nor were any differences observed between 
patients who had recently ingested drugs and those who had 
not. The controls were healthy laboratory personnel, and 
the sample was taken at the same time as that of the 
patient. Platelets from one patient and one control were 
usually examined simultaneously. 

The experiments were performed essentially as described 
previously“. Blood platelets were isolated and incubated in 
Krebs-Henseleit bicarbonate buffer with tritiated 5-HT. The 
accumulation of radioactive 5-HT to platelets in 5 min was 
determined. After subtracting the portion taken up by non- 
active processes, the data were subjected to kinetic 
analysis”. 

A very clear and highly significant difference was found 
in the 5-HT uptake by platelets from patients as compared 
to those from the controls (Fig. 1). The initial uptake by 
the platelets of depressed patients was about half as 
active as that of the controls. This is also reflected in the 
Vmax of the process (Fig. 2) On the other hand, no differ- 


‘ence was noted in the Km. This suggests that there are less 


of the hypothetical transport molecules or “amine car- 
riers’? in the cell membranes, or that some of them gre 


Nature Vol. 262 August 12 1976 


Fig. 1 Uptake of 5-HT by blood 
platelets of patients with depres- 
sion (M) and controls (@) when 
the 5-HT concentration was 
varied from 1077 to 104M. The 
continuous thick lines show the 
total accumulation which con- 
tinued linear to 107‘ M (thin lines 
indicate extrapolation from the 
highest concentrations). The dot- 
ted lines show the active uptake 
after subtraction of the linear 
part’. Before the incubation, the 
platelet-rich plasma was diluted 
with autologous _ platelet-free 
plasma to contain 200,000 plate- 
lets: mm™. An aliquot (100 pl) of 
diluted plasma (containing 0.15% 
EDTA) was added to 3.9 ml of f 
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V (pmol per 5 min) 


prewarmed (37°C) Krebs-Hen- / 
seleit bicarbonate buffer (pH 7.4), y 
containing 10*M *H-5-HT (5.66 p 
Cimmol™!) and a necessary l S- 
amount of cold 5-HT to make up EE 
total 5-HT concentrations of eyi 
1077 to 107M. After 5 min of f 


incubation in a metabolic shaker, 
the platelets were separated by 
filtration (cellulose nitrate filters, 
pore size 0.2ym) and washed 
with 10ml of ice-cold saline. 
The radioactivity accumulated to 
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the filters was assayed by liquid scintillation. Means+s.e.m. of duplicate experiments on 10 patients and 10 controls. 


Fig. 2 Double-reciprocal plots of 5-HT uptake by platelets from 
controls (@), from untreated patients (J) and from patients 
treated for 4 weeks with imipramine or amoxepine (A). The 
plots were calculated by the method of least squares. The 
kinetic data were: controls Vmax 92 pmol per 2x10" platelets 
per 5 min, Km 0.40 uM; untreated patients Vmax 49 pmol per 
‘2X 10" platelets per 5 min, Km 0.41 uM; treated patients Vmax 
59 pmol per 2 x 10? platelets per 5 min, Km 0.75 pM. Conditions 
as in Fig. 1. 
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in an inactive state. Those which remain, however, are in a 
fully functional state as indicated by the. unchanged Km. 
The change is quite contrary to that seen in platelets or in 
brain synaptosomes after exposing them to tricyclic drugs": 
they increase the Km but the Vmax remains the same, that 
is, the affinity to the transport is decreased, but the number 
of hypothetical carrier molecules remains the same. Also in 
the present study the Vmax remained the same, but the Km 
increased, when imipramine 10° M was added to the incu- 
bation medium. The same change was caused by imipramine 
both in the patients and in the controls. The different mode 
of kinetics rules out the possibility that the decrease in 5-HT 
uptake would be due to some tricyclic drug in the plasma 
and in the platelets of these patients. 

After 4 weeks’ treatment with antidepressants (either 
imipramine or amoxepine) a change in uptake character- 
istics was observed. The Vmax had moved towards the con- 
trol. At the same time, however, an increase in the Km, 
apparently due to the antidepressant, was noted (Fig. 2). 
Patients under chronic lithium treatment, but at present 
without depressive symptoms, did not differ from the con- 
trols (J.T., E.T., Ahlfors and Levä, to be published). 

We feel that these findings are most exciting and might 
be investigated along two lines: first, to find out whether 
it is feasible to use these aberrations as a basis for labora- 
tory tests for certain subtypes of depression, and second, 
what these changes imply about the functioning of tryp- 
taminergic neurones in the brain. If a similar change could 
be demonstrated in the neurones, the mbst crucial question 
would be whether this decrease in the 5-HT uptake is a 
constitutional change typical of the individual and common 
to both platelets and neurones, which seem to have the 
same or very similar mechanism to take up 5-HT*". On the 
other hand, the change could also be secondary and, 
possibly, compensatory to depression. In that case a question 
is how the change is transmitted to platelets. Perhaps 
hormonal or some other chemical regulatory mechanism 
might then be considered. Either way, these results may 
add a new dimension to the biological parameters in 
affective illness. 

We thank Dr U. Ahlfors, Professor T. Pihkanen, and 
Mrs Sirkku Tuomikoski for help in obtaining the patient 


598 


samples, Dr Leena Tuomisto for many consultations, and 
Mrs Anneli v. Behr for technical aid. 
Jouko TUOMISTO 
ERKKI TUKIAINEN 
Medical Research Council, 
Academy of Finland, and 
Department of Pharmacology, 
Uniyersity of Helsinki, 
Siltavuorenpenger 10, 
SF-00170 Helsinki, Finland 


Received March 29; accepted June 16, 1976 


1 Schildkraut, J J., A. Rev. Pharmac , 13, 427-454 (1973) 

2 Symposium (several authors), ın Proceedings of the Sixth International Congress of 
Pharmacology, 3, (edit. by Tuomisto, J., and Paasonen, M. K , volume editor 
Airaksinen, M.), 243-332 (Pergamon, Oxford 1976) 

3 Paasonen, M. K., in Proceedings of the Fifth International Congress of Pharmacol- 
ogy, 4, (edit by Acheson, G H., volume eds. Bloom, F. E, and Acheson, 
G. H.), 327-342 (Karger, Basel, 1973) 

4 Pletscher, A., Br J. Pharmac., 32, 1-16 (1968). 

5 Snegeon, J. M, Progress in Neurobiology, 1, part 2,1 51-158 (Pergamon Oxford, 

6 Lucas, A. R., Warner, K., and Gottheb, J. S., Brol. Psychiat. 3, 123-128 (1971) 

7Shaw, D. M., MacSweeney, D. A , Woolcock, N., and Bevan-Jones, A B, J. 
Neurol. Neurosurg. Psychiat., 34, 224-225 (1971) 

8 Boullin, D. J., and O’Brien, R A , J. Physiol , Lond., 212, 287-297 (1971). 

9 Airaksinen, E. M.,J ment Defic. Res , 15, 244-256 (1971). 

10 Lott, I. T., Chase, T. N., and Murphy, D. L , Pediat. Res., 6, 730-735 (1972). 
11 Tuomusto, J., J. pharm Pharmac., 26, 92-100 (1974) 

12 Lineweaver, H., and Burk, H , J. Am chem. Soc., 56, 658-666 (1934) 

13 Lingyaerde, O. Jr, FEBS Lett., 3, 103-106 (1969). 

14 Sneddon, J M., Br J Pharmac , 37, 680-688 (1969) 








Reduction of quantum contents of synaptic 
potentials after postsynaptic axotomy 


Tue loss of synaptic transmission in the chick ciliary ganglion 
that is observed after the postganglionic section of the ciliary 
nerves is accompanied by both a decrease ın acetylcholine (ACh) 
sensitivity of the axotomised cells and a change in the trans- 
mitter release characteristics of the presynaptic terminals??. 
Evidence for the presynaptic change included a decrease in the 
mean quantum content m of the excitatory postsynaptic 
potentials (e.p.s.p.s) and a greater susceptibility to fatigue 
during repetitive stimulation. The reduction in quantum content 
after axotomy was inferred from an increase in the coefficient of 
variation of the e.p.s p. amplitude distribution in the depressed 
state. In the experiments reported here it was possible to measure 
miniature synaptic potentials (m.e.p.p.s) in axotomised prepara- 
tions so that more accurate estimates of the mean quantum 
content of e.p.s.p.s could be made - - ' 

Experiments were done on 3- and 4-d-old chickens. Axotomy 
of the ciliary nerves was performed within a few hours after 
hatching. Surgical and experimental procedures have been 
described before!:?. To ensure that transmission failure in axo- 
tomised preparations was not caused by disuse of the ganglionic 
synapses, in some chickens only the eyelids were sutured together 
and the animals were kept and fed in the dark for 4-5 d. No 
impairment of transmission was observed in ganglia taken from 
these control animals. 

The m of the e.p.s.p.s was estimated by dividing their mean 
amplitude (v) by the mean quantal size (v). Mean e.p.s.p. ampli- 
tudes were determined from-5-15 measurements, taken at 10-s 
intervals to avoid synaptic depression. In the axotomised cells 
action potential initiation by the e.p.s.p.s could be blocked by 
hyperpolarising the cell (Fig. 1a). In some normal cells with 
large e.p.s.p.s it was not possible to pass sufficient hyper- 
polarising current to achieve such block. In such cases the e.p.s.p. 
amplitude was estimated from the inflexion at the onset of the 
action potential (Fig. 1b, arrow) or, if no such inflexion was 
present, from the residual synaptic depolarisation after the 
action potential (Fig. 1c, arrow). The latter two measurements 
represent underestimates of the true e.p.s.p. amplitudes. 
Quantal sizes were determined in two ways. In most experiments 
spontaneous release of quanta could be induced by stimulating 
the preganglionic nerve at 30-50 Hz for 30 s. The modal ampli- 
tude of the spontaneous m.e.p.s.p.s was taken as the quantal 
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Fig. 1 Examples of e.p.s.p.s (used for calculation of mean 
quantum contents) from axotomised (a and d) and control cells 
(6 and c). Amplitudes were corrected for nonlinear summation®, 
neglecting the influence of membrane capacitance. The resulting 
overestimation of the mean quantum contents, m, were, at least 
partially, balanced by the underestimated measurements ofe.p.s.p. 
amplitudes, when the generation of action potentials could not 
be blocked. Occasionally, e.p.s.p.s in such cells were large enough 
to initrate two action potentials. Calibration: 40 mV (a, b and c), 
4 mV (d); 10 ms. 


size. In some of the axotomised cells single quantal responses to 
nerve stimulation were obtained by perfusing the preparation 
with saline. solution containing 4 normal Ca?+ and 6 Xnormal 
Mg?+. Measurements of quantal size were corrected to cor- 
respond to the hyperpolarised level of membrane potential at 
which the e.p.s.p.s were measured; that is, m was determined 
from the relation: Ynyp/Yinyp, Where Yanyp=Vi(Enyp—15)/ 
(E,—15). Enyp is the membrane potential at which the e.p.s.p. 
was measured and E, the resting membrane potential. The 
equation assumes the reversal potential for the e.p.s.p. is at 
—15 mV (refs 2 and 3). Input resistances (RY were determined 
routinely in all cells. The conductance (Ag) produced by a single 
quantum of ACh was calculated from the relation: Ag= 
y,/R(E,—15)*. 

Table 1 summarises the mean quantal contents of e.p.s.p.s in 
which the signal-to-noise ratio was high enough for the average 
quantal amplitude of the m.e.p.s.p.s to be estimated with an 
accuracy of +10%. The mean quantum contents of e.p.s.p.s 
recorded from axotomised cells were significantly lower than ın 
control cells. The actual difference might be somewhat greater 
than indicated in Table 1 because of the underestimate of control 
e.p.s.p. amplitudes already mentioned in connection with Fig. 1b 
and c. The results summarised in Table 1 therefore confirm the 
observations obtained previously by more indirect measure- 
ments’. 

It could be argued that the lower quantum contents measured. 
after axotomy were due to partial detachment of the presynaptic 
terminal from the postsynaptic cell so that the number of 
release sites apposed to the postsynaptic receptors was reduced. 
Detachment of presynaptic terminals after postsynaptic axo- 
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Table 1 Comparison of m of e.p.s.p. and of Ag produced by one 
quantum in control and axotomised cells 

















m+s.d. Ag-+s.d. N 
(x 107?° mho) 
Control 82.44+34.0 4 3243.41 12 
Axotomised 40.6+21.7 2.51+1.11 10 
P (t-test) <001 >0.1 


a InI 


N, number of experiments. TTA s 
For unknown reasons, m in control cells is significantly higher and 


Ag lower than found by Martin and Pilar*. ` 
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tomy has indeed been found to be the major reason for loss of 
synaptic transmission in several preparations®’. In the ciliary 
ganglion of chickens, synapses are electrically coupled? and 
detachment would be expected to reduce the coupling between 
presynaptic terminals and ganglion cells. The fact that the aver- 
age amplitude of the coupling potentials was reduced after 
axotomy (6.6 mV compared with 18.3 mV in the control group) 
and that the percentage of cell profiles lacking synaptic contacts 
was increased!, may therefore suggest partial detachment. As 
reported previously, however, the faster rate of fatigue of 
chemical transmission at synapses in axotomised preparations! 
cannot be explained on this basis. Moreover, in several axo- 
tomised cells, e.p.s.p.s smaller than ever observed in control 
cells were preceded by a coupling potential of normal amplitude 
(Fig. 1d). These findings suggest that the effects of axotomy on 
the parameters of synaptic transmission can occur before sig- 
nificant detachment. Similar observations have been made on 
axotomised cat spinal motoneurones®. i 

Table 1 also indıcates that the unit conductance change, Ag, 
produced in the postsynaptic membrane by the interaction with 
one quantum of transmitter substance, was lower in axotomised 
than in control cells. The difference in Ag, however, is not 
statistically significant. In fact, two out of three of the axoto- 
mised cells had values of Ag larger than the smallest Ag observed 
in the control cells. This suggests that a decrease in transmitter 
release can occur before, or in the absence of, a reduction in 
postsynaptic ACh sensitivity. The lack of significant reduction 
in Ag is in contrast to the reduced sensitivity of the axotomised 
cells to iontophoretically applied ACh?. 

In the present experiments described here, however, the 
axotomised cells were selected for particularly high miniature 
potential amplitudes. Many of the cells impaled, particularly 
those with small e.p.s.p. amplitudes, could not be used for calcu- 
lations of m because m.e.p.s.p.s were absent or too small to be 
measured accurately. Such cells had resting potentials and input 
resistances similar to those of cells listed in Table 1 and therefore 
would have been expected to produce measurable m.e.p.s.p.s if 
the underlying unit conductances had been the same. The 
disparity between the reduced sensitivity to exogenous ACh and 
lack of a marked reduction in Ag can also be explained in 
another way, namely by supposing that single receptor sites are 
lost after axotomy one at a time, together with the release sites 
apposed to them. This would lead to a decrease in overall ACh 
sensitivity with no reduction in the quantal conductance change, 
Ag, at the remaining sites. The reduction in quantum content 
would then be due, at least in part, to loss of release sites. 
Alternatively, postsynaptic receptor sites might disappear with- 
out accompanying loss of corresponding presynaptic release 
sites. Quantal release in such regions would then be ineffective 
and there would be an apparent reduction in m. In this case the 
increased susceptibility of the e.p.s.p. to fatigue during repetitive 
stimulation! would be the only electrophysiologically identifiable 
presynaptic consequence of postsynaptic axotomy. At present it 
is not possible to decide between these mechanisms. 

I thank Dr A. R. Martin for advice. This work was supported 
by grants from the USPHS and the Holderbank-Stiftung 
(Switzerland). 
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Re-examination of 
avian cochlear potentials 


TuE aim of this study is to provide a basic description of the 
cochlear receptor potentials, the cochlear microphonic 
(CM) and the summating potential (SP) of the bird. 
Although several workers have examined these avian 
potentials in limited aspects, a comprehensive survey of 
their frequency and intensity behaviour is long overdue. 
Moreover, a re-examination of the avian potentials has 
seemed necessary because the potentials are reported to 
differ vastly from the mammalian CM and SP and one is 
left with the baffling implication that the middle and/or 
inner ‘ears of these classes operate with a degree of dis- 
similarity exceeding what might reasonably be expected 
on the basis of structural difference. For example, the avian 
CM sensitivity function has been reported’ to be flatter 
than the middle ear transfer function in a comparable 
species? thus implicating an unknown sort of cochlear 
element in the frequency response of the avian system. 
Second, the slopes of avian CM input-output functions 
have been reported as considerably less than unity and thus 
less steep than in the mammal’'*~’ leaving unanswered the 
question of whether the mechanics of the middle ear or 
basilar membrane, or peculiarities of the receptor cells 
per se, enforce the nonlinear intensity response in the bird. 
Third, if, as reported, the avian summating potential is 
appropriately described as a unitary negative response, 
manifest only at frequencies above 600 Hz (refs 4, 7-10), 
one can hardly reconcile this with the observation that the 
SP exists as both a positive and negative response in the 
mammal, and certainly occurs at even the lowest audible 
frequencies” in that class. While each of the above 
differences implies a fundamental dichotomy between the 
avian and mammalian’ cochleae, such differences were not 
found in the present study. We did however use a new 
intracochlear electrode configuration in the elucidation of 
the parametric behaviour of the CM and SP in the pigeon. 
Fine tungsten electrodes, flame-sealed in capillary tubing, 
were placed in the basal scala vestibuli (SV) and the scala 
tympani (ST) proper. This electrode configuration made 
differential recordings possible and avoided electroanatomi- 
cal effects, believed to be inherent in previous recessus 
tympani or round window recordings in the bird. The fol- 
lowing differentially measured avian functions are dis- 
cussed: the, 1-“V r.m.s. CM isopotential curve, CM iso- 
velocity curves (relative to a constant footplate velocity of 
10mm s™), CM input-output functions, CM “degree of 
nonlinearity” functions and SP isovelocity functions. Our 
results show that these functions do not differ significantly 
from their mammalian counterparts. 

Racing pigeons (Columba livia), generally less than three 


Fig. -1 Illustration of electrode locations used in obtaining 
intracochlear differential recordings in a pigeon preparation. 
SV, scala vestibuli; ST, scal tympani. 
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Fig. 2 a,\Median, differentially recorded, 1-uY r.m.s. CM 
isopotential curve from seven pigeons (left ordinate, ¢). For 
comparison (right ordinate, ©) is shown an inverted repre- 
sentation (see text) of an average middle ear transfer function 
measured by the Méssbauer technique in five Barbary doves?. 
b, Differential CM isovelocity functions from one pigeon. The 
parameter is footplate velocity in dB relative to 1 nm s™!. 
c, “Degree of CM nonlinearity” exhibited: by the pigeon shown 
in b. The deviations of the 60, 80 and 100 dB isovelocity curves 
from their projected values, assuming a simple linear operation, 
are expressed in dB (see text). The parameter is footplate 
velocity in dB relative to 1 nms~, O, 100 dB; @, 80dB; A, 
60dB; A, 40 dB. 


months old, were used. The birds were sedated with 
20 mgkg™ pentobarbital 15min before anaesthetisation 
with 64mgkg™ ketamine. Supplemental half-doses of 
ketamine were administered every 90min thereafter. A 
tracheostomy was performed and the pigeons were re- 
spirated throughout surgery and the data collection period. 
The animals were maintained at 107 °F with a feedback- 
controlled heating pad. The surgical approach used was 
a dorsolateral one described by Wever and Bray’. Figure 1 
shows the electrode locations used. The wire of the SV 
electrode could be cut quite short since that scala is shallow 
in the bird’*:. By contrast the wire of the ST electrode 
had to traverse the recessus tympani before the tip could 
be appropriately positioned for differential recordings. It 
was therefore necessary to fuse a 1.5-2.0-mm glass in- 
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sulating shoulder along the wire of that electrode. To assess 
whether damage occurred during the placement of this 
long electrode tip into the rather inaccessible scala tympani, 
the sensitivity of the CM and the magnitude of whole nerve 
action potential, both recorded from the SV electrode, were 
compared before and after the ST electrode was placed. 

In Fig. 2a, a median, differentially. measured 1-uV CM 
isopotential curve (that is, sound pressure levels (SPL) re- 
quired to produce 1-”V r.m.s. CM) for 7 pigeons is pre- 
sented in conjunction with a reciprocal form of an average 
middle ear transfer function measured in five Barbary 
doves’. The inversion .of that middle ear function was 
achieved by expressing footplate velocity measurements? in 
dB relative to the maximum velocity obtained at a constant 
SPL, (that is velocity at 1,000 Hz). In Fig. 2a, it should be 
noted that the contours of the inverted middle ear transfer 
function and the CM isopotential function are well matched 
below 4,000 Hz. This agreement corresponds well with other 
studies in suggesting that the CM sensitivity in a normal 
cochlea is proportional to the footplate velocity’ up to 
a cutoff frequency that depends on electrode location. 
Moreover, the correspondence suggests that the influence 
of the middle ear on cochlear response could be minimised 
by referencing input levels to a constant footplate velocity. 
This has been shown to be the case in studies of mammalian 
cochlear function. Consequently, in the parametric mea- 
surements being reported, the SPL at the eardrum was ad- 
justed from frequency to frequency on the basis of the 
middle ear transfer function of the Barbary dove to 
produce an approximately constant footplate velocity across 
frequency. To this end a velocity of 10° mms™ (1 nm s™) 
was arbitrary called 0 dB in the present study and cor- 
responds approximately to a 20dB SPL signal at 1,000 Hz. 

Figure 2b shows differentially measured CM isovelocity 
functions (that is, CM magnitude measured at constant foot- 
plate velocity) at 20-dB intervals in one pigeon. As expected 
using a constant footplate velocity, the functions are quite 
flat below the best frequency of the electrode pair. The 
notch seen at 2kHz could be a consequence of the irre- 
gularity of the middle ear response (not manifested in the 
average transfer function) or a cochleay effect. Similar 
notches below the best frequency are also seen in guinea 
pig CM functions’. At the 40 dB level, the 3,000-Hz en- 


Fig. 3 Differential SP isovelocity functions from one pigeon. 
Using averaged responses, measurements were made 25 ms 
after stimulus onset. The parameter is footplate velocity level 
expressed in dB relative to 1 nm s™*. Symbols as for Fig. 2. 
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hancement indicated this to be the best frequency of the 
differential electrode location used in this, and most (see 
Fig. 2a) pigeons. Were input output functions to be derived 
at low frequencies from the data shown in Fig. 25; they 
would have an initial slope of 1.0 in double logarithmic 
coordinates. This indicates that the avian middle ear, the 
basilar membrane, and the contributing receptor cells have 
an operating range characterised by simple linearity over 
at least some portion of their dynamic range. 

Figure 2c was derived from the data contained in Fig. 2b. 
In the construction of Fig. 2c, the response magnitude of 
the curves in 2b was normalised by shifting each curve 
vertically by an amount equivalent to the expected linear 
increase in the CM (commensurate with the increase in in- 
put level). The ‘“‘degree of nonlinearity”! functions shown 
in Fig 2c were then derived by converting to dB the devia- 
tions of each normalised curve from the 40-dB isovelocity 
output. In Fig. 2c, it is seen that a region of pronounced 
nonlinearity develops around the best frequency. As the 
input level increases, the region of nonlinearity spreads to 
increasingly lower frequencies. The coincidence of the best 
frequency and the frequency of earliest and most pro- 
nounced nonlinearity is ñoteworthy. inasmuch as CM non- 
linearities are most prominent 4 to 4 octave above the best 
frequency in the guinea pig". Nonlinearities at frequencies 
below the region of early nonlinearity, although clearly 
present, do not seem to be frequency-dependent in their 
severity. This is suggestive that two mechanisms produce 
CM nonlinearities; one mechanism being simply dependent 
on input level and one being also influenced by frequency. 

The frequency response pattern of the differential com- 
ponent (SV-ST potential difference) of the summating 
potential is shown in Fig. 3. The earliest (40 dB level) and 
most pronounced negative component occurs at the best 
frequency (3,000 Hz) of the electrode pair. Similar to the 
summating potential in the mammal, the negative res- 
ponse band spreads to increasingly lower frequencies as the 
input level is increased. It is apparent, contrary to earlier 
reports, that there is a positive SP component at lower 
frequencies in the pigeon. 

One may cogclude that the salient properties of both 
receptor potential components (CM and SP) are very similar 
in representative avian and mammalian cochleas. It is likely 
that the differences shown between the results of the present 
and earlier work on avian receptor potentials are account- 
able by the generally excellent physiological condition of 
our animals, the lack of prolonged or excessive sound ex- 
posure in the present work, and by the electroanatomical 
differences between the present differential electrode loca- 
tion and the previously used round window or recessus 
tympani sites. 

The only significant discrepancy found between avian and 
mammalian receptor potentials is that the CM nonlineari- 
ties and the most pronounced negative differential SP com- 
ponent (itself a nonlinear phenomenon) occur at the best 
frequency in the pigeon, whereas these nonlinearities occur 
above the best frequency in the guinea pig". In both classes 
the occurrence of these nonlinearities seems to correspond 
to the relative frequency at which noise-induced hearing 
loss occurs. In the parakeet, such losses occur at the centre 
frequency of the eliciting noise”, while in the mammal, 
they appear at about 4 octave above the centre frequency. 
A possible explanation, one suggested by Saunders and 
Dooling”, relates to the observation that travelling wave 
envelopes are sharper in the bird than in the mammal. 
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Rod—cone mechanism 
underlying the Purkinje shift 


TABLES have been published! of averaged brightness matches 
made by 16 observers who had compared 11 spectral lights 
(from 410 to 710 nm) with the CIE standard radiator in a 15° 
field set at various levels in the mesopic range. The scotopic and 
photopic Juminances (S,P) of each light were calculated by 
multiplying the spectral radiant power for the match by the 
corresponding values of the CIE V’ and yio functions, with 
appropriate weighting factors. },9 was used because of the 
large field. The spectral data can readily be converted to the 
usual CIE system, and in fact the choice is immaterial in the 
following argument. As the matches were mesopic, neither S 
nor P alone can represent the luminance, and the Tables were 
used later? to define this quantity as a function of (S,P). 
Arithmetic manipulation of the data now suggests a simple 
rod-cone mechanism responsible for the sensation of brightness. 

The first aim of my study was to refer the matches to an ideal 
light which would stimulate the cones preferentially. A deep 
red would fulfil this, as even at absolute threshold, redness is 
still visible*, indicating a considerable cone response compared 
with the rod response. The S value for 680 nm is only 1/70 of 
the P value (Peso), and this wavelength was selected as the 
reference. Light at 710 nm would also be suitable, but the data 
were deficient at higher levels. 

For shorter wavelengths, the ratio S/P gradually increases 
to a,limit of about 10/1 at 440 nm. To compare the various 
values of (S,P) with the reference, the P value of each light was 
subtracted from Peso and this showed that the difference, AP, 
depended only on S (Fig. 1). 

Although derived from experiments done at seven levels 
spanning an enormous luminance range, most of the points lie 
on a straight line with a slope of about 0.5. The obvious 
conclusion is that 


AP = ./(M*S) (1) 


where M* is some constant with the dimensions of luminance. 
Thus a light with scotopic and photopic luminances, S and P 
respectively, is equivalent in brightness to a red light at 680 nm 
of photopic luminance Ps, where 


Peso = P+ V(M*S) (2) 
Some points stray far from the line, especially those for long 


wavelengths. Here AP is the difference between similar quantities 
and is thus bound to fluctuate widely. But a more subtle 
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explanation is required, because the points for 590 nm, 620 nm 
and 650 nm generally lie below the basic line of the graph 
(Fig. 1). 

The points at variance can be brought into line, ad hoc, by 
reducing their S values, and to do this the CIE V’’A curve from 
which 5S is calculated must also be reduced at long wavelengths. 
(Without some correction, equation (2) is bound to fail at 
680 nm because the S contribution, although small, is finite.) 
More measurements are needed for an accurate estimation of 
the required factor, but inspection suggests a value of about 
0.5 at 620 nm, dropping to about 0.25 beyond 680 nm. The 
equation could then be made to sum to a similar total for all 
lights of a given equivalent luminance, even for reds deeper 
than 680 nm, and it could be postulated to represent that 
combination of rod and cone responses which initiates the 
sensation of brightness, without reference to a standard. 


< 


_ The suggested modification to V'A is consistent with the 
initial assumption that, even at threshold, red lights still 
stimulate cone vision. The likely extrapolation of the graph in 
Fig. 1 is also intriguing in this respect, because if it continued 
at a slope of less than unity until it reached the threshold, 
which lies only one log unit below the lowest point, this would 
mean that the Purkinje shift is never completed. 

For generality, the scheme must include non-monochromatic 
lights, which have been shown to behave photometrically like 
monochromatic lights with the same (S,P) coordinates“. The 
special case of the standard radiator (a black body at 2,043 K) 
can be derived from the Tables because its luminance L, is by 
definition identical to its S and P values, and can be subtracted 
from Peso to yield AP, which is then plotted against L, (=S). 

The resultant points (Fig. 1, ©), follow the general trend 
through the mesopic range, except that the point at the highest 
level falls well below the graph. This apparently high dis- 
crepancy represents about 25% of P and is caused by additivity 
failure at high levels'4. The problem is not directly relevant 
here, where the rod-cone mechanism, and not the cone-cone 
systems, is being analysed. It may be concluded that equation (2) 
is valid to a good approximation for a variety of lights 
throughout the mesopic range. 

This general relationship invokes several considerations. 
It suggests first, a simple mechanism underlying the Purkinje 
shift. As there are no cross-product terms, neither inhibition of 
the rods by the cones at high levels, nor inhibition of the cones 
by the rods at low levels, needs to be postulated. The systems 
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are independent, the rate of increase of the rod contribution 
diminishing progressively the higher the level. For this effect, a 
power function with an exponent less.than unity is required, 
not necessarily exactly 0.5. Whether this represents any 
particular physiological feature in the retina or subsequent 
neural pathway is problematical, but at least one could search 
for a ‘square-rooting’ synapse involving the rod output. 

Second, the formula suggests a simple mesopic photometer. 
This would require two photocells calibrated to the photopic 
and scotopic curves respectively, the scotopic signal being 
processed by a square-root circuit before addition to the 
photopic signal. Lights with the same luminance would there- 
fore generate the same combined output in accordance with 
equation (2). 

Third, intractable mesopic calculations are rendered relatively 
straightforward. The ideal reference stimulus may be used as a 





-2 ~] 0° 


log S 


Fig. 1 Plot of AP against S on log scales. The quantities AP,S are in cd m~*. +, 590 nm; x, 620 nm; [k] 650 nm; @, 
410-560 nm; ©, standard radiator; — — — —, equation (2) with M* = 0. 08 cd m 


dummy, to convert to any other reference light. For example, 
for the CIE standard radiator, S=P=L, by definition. Thus 
for a light with components (S,P) the simultaneous equations 
are 


Peso =P + /(M*S) (3) 
Piety + VOL») (4) 


By elimination of Peso, Ly emerges as a quadratic solution in 
terms of S, P and M*. 

M* is related to a parameter M, -dependent on field size?. 
A value of 0.06 cd m~? has been suggested for a 15° field; a 
somewhat higher figure of about 0.08 cd m=? is needed to fit the 
data in Fig. 1, if the discrepant long wavelength points are 
ignored. 

By an extension of this mathematical analysis ‘mesopic 
spectral visibility curves’ can be produced. Although these are 
somewhat misleading‘, since they cannot be used to calculate 
luminances from spectral power distributions, they are 
commonly used to display the results of spectral brightness 
matches. Observer D’s results from Kinney’s classic set’, 
measured in a 2° field at a peripheral angle of 10°, are shown in 
Fig. 2, together with examples of curves calculated using 
equation (2). The agreement is close, except that the smooth 
theoretical curves do not reproduce the bumps ascribed by 
Kinney to cone activity. 

Evidently, much information about brightness matching ,in 
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Fig. 2 Comparison of Kinney’s mesopic visibility curves for 

subject D with curves calculated from equation (2). The radiant 

power for a match is plotted in nW m~? on an inverted log scale 
against the wavelength (A) in nm. ' 


log nW m~? 





` 400 500 600 
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the mesopic range can be derived from equation (2). Even its 
inadequacies suggest plausible modifications to the CIE V’A 
curve, in order to represent the rod response to long wave- 
length light more accurately. I suggest therefore, that it 
expresses some fundamental rod-cone mechanism mediating 
the sensation of brightness. 
I thank Dr Kinney for providing the data used in Fig. 2. 
D. A. PALMER 
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Effects of enkephalin and morphine on 
Renshaw cells in feline spinal cord 


Ir has been suggested that enkephalin is the endogenous 
ligand for the opiate receptor. This substance is unevenly 
distributed throughout the brain** and occurs as two penta- 
peptides—met- and leu-enkephalin®. These substances have 
been shown to possess analgesic activity when injected intra- 
cerebroventricularly into rodents*” and to depress the firing 
rate of single neurones in the brainstem of cats and rats’. 
In the present experiments the effects of synthetic met- 
enkephalin have been compared with those of morphine on 
Renshaw cells in the feline spinal cord using the micro- 
electrophoretic technique. This cholinoceptive interneurone 
is particularly suitable for such a comparison since it 
possesses stereospecific opiate receptor sitest™™. The results 
obtained ‘show that both met-enkephalin and morphine 
directly excite Renshaw cells and that these actions are 
antagonised by naloxone. 

Experiments were carried out on four cats anaesthetised 
with pentobarbitone sodium (35 mgkg™ intraperitoneally 
initially), Blood pressure and temperature were monitored 
continuously. The spinal cord was exposed by lumber 
laminectomy and the central ends of Sı and Ly ventral roots 
were stimulated to identify Renshaw cells. Extracellular 
recordings were obtained with the centre barrel (4 M NaCl) 
of seven barrel microelectrodes (tip diameter 6 um). The 
outer barrels contained aqueous solutions of the drugs to 
be ejected electrophoretically; these were: morphine sul- 
phate (0.05 M), naloxone hydrochloride (0.1 M), L-glutamate 
sodium (0.5M), acetylcholine chloride (0.5 M), glycine 
(0.5M, pH'3) and met-enkephalin (0.018 M, pH 4). Action 
potentials were recorded and displayed using conventional 
techniques. 

The effects of electrophoretic ejections of met-enkephalin 
were compared with those of morphine on 14 Renshaw 
cells. Met-enkephalin (50-80nA for 15—40 s) ejected as a 
cation, directly excited eight neurones. The onset of and 
recovery from the excitatory action of met-enkephalin was 
rapid (3-8s) and similar to that observed with morphine 
(50-100 nA), which directly excited eleven neurones includ- 
ing the eight excited by met-enkephalin (Fig. 1a). Desensi- 
tisation to the excitatory effects of met-enkephalin were not 
observed on repeated ejection of this substance. Compared 
with morphine, met-enkephalin was approximately equi- 
potent as an excitant on the basis of equieffective ejecting 
currents (Fig. 1a). 

The specific opiate antagonist, naloxone, has previously 
been shown to antagonise the excitatory effects of morphine 
and acetylcholine but not those of excitatory amino acids 
on Renshaw cells’. This effect of naloxone was also de- 
monstrated in the present experiment (five tests on three 
cells). In addition, Figure 1a shows that naloxone (30nA 
for 3-4 min) reversibly antagonised the excitatory effects of 
met-enkephalin. Similar effects were obtained in six tests 
on four more Renshaw cells. 

Neither met-enkephalin nor morphine directly depressed 
the firing rate of any of the neurones studied in this investi- 
gation. When met-enkephalin (40-80 nA) was ejected for 
prolonged periods (2 min or more) however, the sensitivity 
of neurones to acetylcholine was decreased. This effect of 
met-enkephalin was observed on each of eight neurones, 
four of which were directly excited by a previous brief 
ejection of met-enkephalin. In contrast, prolonged ejections 
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of morphine (25-40 nA) enhanced the excitatory effects of 
acetylcholine (five cells) and L-glutamate (two cells) in 
agreement with previous findings’*. The reduction in acetyl- 
choline sensitivity seemed to be a selective action of met- 
enkephalin in so far as the excitatory effects of morphine 
and L-glutamate were either unaffected (three neurones) or 
only slightly reduced (two neurones), Furthermore, the 
sensitivity of neurones to both morphine and amino acids 
recovered immediately on terminating the ejection of met- 
enkephalin, whereas recovery of the acetylcholine sensitivity 
was often prolonged, requiring up to 5min or more. The 
effects of met-enkephalin on the acetylcholine- and 
monphine-induced excitation is illustrated in Fig. 15. 

Met-enkephalin (40-100 nA) had no obvious effect on the 
depressant action of glycine in tests on five. neurones where- 
as morphine (25-40 nA) reversibly reduced this action of 
glycine in tests on the same neurones. This action of 
morphine reported previously is not antagonised by 
naloxone™'”’, 

In the present study it was significant that the only effect 
of met-enkephalin in common with that of morphine was an 
ability to excite Renshaw cells, an action which was also 
antagonised by naloxone. The excitatory action of morphine 
has previously been shown to be stereospecific at this site”. 
The present experiments therefore provide direct evidence 
that met-enkephalin acts on a central opiate receptor and 
supports the notion that enkephalin is the endogenous ligand 
for the stereospecific opiate receptor’. 

The enhancement of the excitatory responses to acetyl- 
choline and amino acids excitants by morphine has been 
considered to be related to the excitatory properties of 
morphine on cholinoceptive neurones”. The apparent selec- 
tive reduction in neuronal sensitivity to acetylcholine pro- 
«duced by met-enkephalin was therefore unexpected, since 
this substance also directly excited cholinoceptive neurones. 
The reasons for these different actions of met-enkephalin 
and morphine are not known. Note, however, that the 
active opiate levorphanol also causes a prolonged reduction 
in acetylcholine sensitivity of Renshaw cells”. 

Thus the present experiments indicate that enkephalin has 
complex actions on a central cholinoceptive neurone, in- 
cluding a specific opiate type effect. Preliminary results 
obtained on non-cholinoceptive interneurones suggest that 
the effects of met-enkephalin described here are confined 
to cholinoceptive neurones. More extensive experiments are 


Fig. 1 Ratemeter record. a, Excitatory effects of acetylcholine 
(ACh, 1 nA); met-enkephalin (ME, 50nA) and morphine 
(M, 50nA), and antagonism of these effects by naloxone 
(NX, 30 nA). b, Effects of a prolonged ejection of met-enkephalin 
on the excitatory responses induced by morphine (40 nA) and 


acetylcholine (6 nA). Both records are from the same Renshaw 


cell. 
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necessary, however, to verify this point and to establish a 
possible physiological role for endogenous enkephalin. 
This work was supported by an MRC programme grant 
to Professor D. W. Straughan. We thank Dr B. A. Morgan 
(Reckitt and Colman Ltd, Hull) for gifts of met-enkephalin, 
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hydrochloride. 
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Depression of nociceptive and other 
neurones in the brain by 
iontophoretically applied met-enkephalin 


Ir has been suggested that enkephalin might act as a neuro- 
transmitter or neuromodulator in the mammalian brain’, 
and recent experiments? have shown that microionto- 
phoretic application of enkephalin will depress brainstem 
neurones in both rat and cat. We have confirmed these 
observations on neurones in other regions of the rat brain 
and have extended the study to an investigation of the 
action of iontophoretic met-enkephalin = neurones acti- 
vated by painful stimuli. 

Experiments were carried out on adult en rats anaes- 
thetised with 1% halothane in O, and prepared for single 
neurone recording from the cerebral cortex and thalamus 
(12 rats) or dorsal medulla (4 rats). Conventional techniques 
were used for single neurone recording and the ionto- 
phoretic application of drugs‘. Five-barrelled micropipettes 
(tip-size about 6 um) were used in most experiments with 
the outer barrels filled with solutions of -glutamate (0.2 M, 
pH 8), GABA (0.2 M, pH 3.5), glycine (0.2 M, pH 3.5) and 
met-enkephalin (5mgml™, that is, about 8 mM in either 
200 mM NaCl or in water; no adjustment of pH). In 7 of 
the 12 experiments some microelectrodes were double- 
barrelled and the only drug tested was met-enkephalin. 
NaCl 4M was used in the recording barrel of all electrodes. 

In a preliminary survey, in the cerebral cortex, 
thalamus and dorsal medulla, met-enkephalin applied with 
positive (0-400 nA), but not negative current, was found to 
inhibit 59 out of 88 neurones considered to be adequately 
tested. On 4 of the 88 neurones the action of enkephalin 
seemed to be excitatory. Appropriate controls to exclude 
current artefacts were carried out. The action of short 
applications {< 60s) of met-enkephalin was uniformly rapid 
in onset and offset, typically taking less than 10s to develop 
and this is similar to the time course of GABA’s action in 
our experimental conditions, although extended application 
of enkephalin had effects which persisted for several minutes 
(Fig. 1). Desensitisation to the depressant actions of met- 
enkephalin was not observed when repeated short applica- 
tions at intervals of 90-120 s were made to many neurones, 
sometimes over a period of 1h or more. This is in contrast 
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Fig. 1 Analogue ratemeter record of spon- 
taneous firing of a nociceptive neurone 
(located at a depth of 4,430 um below the 
cortical surface) in the rat thalamus. Lower 
section continuous with upper section. Short 
horizontal filled bars aboverecord indicate im- 
mersion of rat’s tail in water at 50 °C for 30s; 
this treatment resulted in a brisk discharge of 
the neurone. For the duration of the first open 
bar over the record met-enkephalin was 
applied to the neurone with a current of 100 
nA; this completely depressed the spontan- 
eous firing and abolished the response to tail 
warming. The response to hot water was sub- 
stantially recovered 16 min after removing the 
met-enkephalin. The second open bar above 
the record indicates removal of a 10 nA 
negative retaining current from the met- ; 
enkephalin barrel; although this had no det- 
ectable effect on the spontaneous firing rate, it 
markedly reduced the response to tail warm- 
ing. The response was fully recovered within 
5 min. The firing of this neurone was also 
depressed by GABA at 50 nA and the 
response to tail warming was partially 
blocked by GABA at 10 nA (not shown). a-e, 
Photographic records from the same experi- 
ment shown in Fig. 2. 


to the action of morphine,-in. which case desensitisation 
has been reported after iontophoretic application to central 
neurones*’’, but is consistent with the lack of desensitisation 
to the effects of enkephalin on peripheral tissues’. 
Met-enkephalin has also been tested on thalamic neurones 
thought to be excited by noxious stimuli”*®. The position of 
the micropipette in the thalamur at the stereotaxic co- 
ordinates AP+3, L3, H4 to 7 (-. . 9) was confirmed both 
histologically and by recording field potentials‘**“ evoked by 
electrical stimulation of the limbs and tail. In the present 
study neurones excited by either a strong tail pinch with a 
thermometer clamp or immersion of the tail in thot (50 °C) 
water were considered to be nociceptive in nature. Such 
nociceptive neurones were very sensitive to met-enkephalin, 
and this observation is supported by the reduction in the 
evoked excitation shown in the latter part of Fig. 1 pro- 
duced simply by,removing the 10-nA retaining current from 
the met-enkephalin-containing barrel of the pipette.. The 
photographic traces in Fig. 2 show that high currents (50- 
100nA) of met-enkephalin completely abolished both the 
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Fig. 2 Continuous photographic records of 
the firing of the same nociceptive neurone 
illustrated in Fig. 1. a-e, Similarly 
marked ratemeter traces in Fig. 1. Each 
vertical deflection on the filmed record repre- 
sents a burst of 4 or 5 action ‘potentials, the 
larger deflections visible on some records (for ` 
example, b) are artefacts caused by touching 
the animal to apply a heat stimulus. The solid 
black bar beneath the records indicates the 30-s 
period over which the animal’s tail was im- 
mersed in hot (50 °C) water. This produced a 
sharp increase in firing shown by the increase 
in density of record a. Before record b, met- 
enkephalin was applied at a current of 100 nA 
and completely abolished the spontaneous 
firing of the neurone and its response to tail 
warming. Before record c, this met-enkephalin 
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background spontaneous activity of this neurone and its 
response to noxious stimulation. ‘This reduction in the 
response to noxious stimulation persisted for at least 12’ min 
after the end of the met-enkephalin application (Figs 1 and 
2). On seven other nociceptive neurones similar responses 
to met-enkephalin were obtained. ` 

On eight unidentified neurones tested the depressant 
action of enkephalin was antagonised by intravenous 
naloxone (80-320 ug) on oniy two. This finding in the 
central nervous system is consistent with the results of 
experiments on isolated peripheral tissues", in which it was 
discovered that the depressant action of enkephalin was 
less sensitive to reversal by naloxone than was the similar 
action of morphine. 

The implications of the observations reported here can 
only be fully explored by further experiments, but it is 
evident that met-enkephalin will depress many neurones 
in the mammalian brain and, ‘most interestingly, those 
located in the thalamus and which are excited by noxious 
inputs. The observations.of Hughes” and others” that enke- 
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taneous firing had returned, the response to 

tail warming was still virtually absent. 

Records d and e illustrate the gradual recovery 
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phalin is found in many areas of the brain not yet impli- 
cated in the organism’s responses to pain, suggests that this 
substance may be an important inhibitory transmitter 
candidate at both nociceptive and other sites. 

We thank the MRC for financial support, and Dr Morgan 
(Reckitt & Colman) for met-enkephalin. C.M.P. is an 
MRC Scholar. 
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Changes in amino acid sensitivity 
during polypeptide ‘desensitisation’ 


CURRENT interest in polypeptides as neurotransmitter sub- 
stances in the central nervous system (CNS) has been 
focused on their ability to depolarise motoneurones’ and to 
excite single cells in various parts of the brain’”*. An addi- 
tional feature of their actions on nervous tissue, however, 
is the development of ‘tachyphylaxis’ or ‘desensitisation’ to 
their effects during repeated administration. This phenom- 
enon has been reported with two structurally related un- 
decapeptides in particular, substance P and eledoisin, both 
in spinal cord’ and in brain**. We report here that in the 
substantia nigra additional changes in amino acid sensi- 
tivity occur during such a period of desensitisation to 
eledoisin. i 

Albino rats (220-270 g), anaesthetised with urethane 
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1.4 g kg, were used during this study. Multibarrelled glass 
micropipettes (tip diameter 6 um) were used to record action 
potentials extracellularly and to administer substances by 
electrophoresis on to spontaneously firing neurones in the 
substantia nigra. Micropipettes were filled immediately 
before use by a glass-fibre method or by centrifugation. 
The recording barrel contained 3 M sodium chloride and 
another containing 1M sodium chloride was used to 
balance the net current at the electrode tip to zero or to 
test for electrophoretic current effects. Other barrels con- 
tained eledoisin dihydrochloride (Calbiochem) 24 mM, 
pH 4.5; sodium glutamate 0.2M, pH7.2; GABA 0.2M, 
pH 3.5; glycine 0.2 M, pH 3.5; taurine 0.2 M, pH 4.0; and 
acetylcholine chloride 0.5 M pH 4.5. 

Action potentials were recorded and displayed using con 
ventional techniques. Substantia nigra neurones were identi- 
fied histologically after pontamine-blue dye ejection or by 
their response after stimulation of the ipsilateral caudate 
nucleus’. 

Short lasting application (30-60 s) of eledoisin ejected as 
a cation (50-100nA; mean 77.3nA) excited the majority 
of substantia nigra neurones tested (50 out of 55 cells). 
One neurone was depressed. The time course of these 
effects was similar to that described previously®. When brief 
applications of eledoisin were repeated at short intervals the 
excitatory response became progressively smaller until it 
could no longer be distinguished from the spontaneous 
activity. A progressive reduction in the excitation also 
occurred when a single administration of eledoisin with 
rather less current (25-75 nA; mean 45.6 nA) was prolonged 
for 3.5-17 min. 

Prolonged applications of eledoisin also reversibly reduced 
the inhibitory responses to GABA (11 out of 20 cells), 
glycine (5 out of 13 cells) and taurine (9 out of 20 cells). 
Such effects, however, were not always observed on the 
same neurones, since glycine or GABA responses could be 
depressed without changes in taurine sensitivity occurring 
(Fig. 1); or taurine responses were depressed without any 
significant changes in GABA sensitivity. In only 4 of the 
13 cells tested with all three inhibitory amino acids, were 
the responses to each compound entirely, unaffected. In 
addition the excitatory effects ‘of glutamate could be re- 
versibly reduced (10 out of 11 cells), although on one 
occasion glutamate excitation was potentiated. Acetylcho- 
line excitation was also reduced (2 out of 2 cells), although 
relatively fewer neurones were tested. These interactions 
during prolonged applications of eledoisin were not usually 
accompanied by changes in background firing rate; neither 
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were there any alterations in neuronal spike size, although 
occasionally this was slightly decreased. 

Recovery of the responses to amino acids, after termina- 
tion of eledoisin administration sometimes occurred within 
about 5min, but more commonly was considerably pro- 
longed {up to 25.6min). After recovery of neuronal sen- 
sitivity to these agonists, however, a repeated administra- 
tion of eledoisin produced the same pattern of interactions 
as observed previously. This suggested that on individual 
cells the observed interactions were reproducible and could 
indeed be selective. 

Our results, in agreement with previous observations’, 
show that substantia nigra neurones are more sensitive to 
exogenously administered GABA than glycine and are 
more sensitive to glutamate than acetylcholine. Taurine, 
which occurs in significant amount in the substantia nigra’, 
also exhibits significant inhibitory actions, although it is less 
potent than either GABA or glycine. In addition the unde- 
capeptide eledoisin excited most substantia nigra neurones, 
confirming our previous observations’. Moreover, repeated 
or prolonged administration of eledoisin produced desensi- 
tisation. During such a period of desensitisation the sensi- 
tivity of neurones to exogenously applied GABA, glycine, 
taurine, glutamate or acetylcholine was reduced. Overall, 
eledoisin reduced neuronal sensitivity to inhibitory com- 
pounds less consistently than to excitatory ones. It is not 
clear why selectivity to one or more neuronally active sub- 
stance could be observed on some neurones but not others. 
Note, however, that a reduction in the sensitivity of central 
neurones to exogenously administered glutamate or acetyl- 
choline occurs after administration of the naturally occur- 


ring and structurally related undecapeptide, substance P 


(ref. 4). 

Attention has been drawn to the potent excitant actions 
of polypeptides in the spinal cord’ and in other areas of 
the brain?*’® but it is possible that such effects may be an 
artefact resulting from the exogenous administration of 
non-physiological concentrations of these substances. Many 
active polypeptides including eledoisin and substance P have 
a common C-terminal amino acid sequence’. This property 
may be related fo their depolarising properties as well as 
to the production of desensitisation and the modification 
of endogenous neurotransmission. 

Although little is known concerning the precise mechan- 
ism of action or physiological role of polypeptides in the 
CNS their excitation of single neurones may be related to 
a neurotransmitter function. The modification of neuronal 
sensitivity to other putative neurotransmitters, however, 
suggests a more complex function which requires further 
elucidation. 
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Hypothermia and intolerance to cold 
induced by intracisternal administration of 
the hypothalamic peptide neurotensin 


NEUROTENSIN is a tridecapeptide (pGlu-Leu-Tyr-Glu-Asn- 
Lys-Pro-Arg-Arg-Pro-Tyr-Ile-Leu-COOH)! isolated from 
bovine hypothalami?. Using a sensitive and specific radio- 
immunoassay, Carraway and Leeman have demonstrated 
immunoreactive neurotensin in hypothalamic extracts of rat, 
mouse, rabbit and human tissue’, Intravenous (i.v.) administra- 
tionofneurotensin torats has beenreported tocause hypotension 
(minimum effective dose 100 pmol kg™ = 0.167 pg kg™), 
cyanosis (minimum effective dose 1 nmol kg™ = 1.67 ug kg—)?, 
and hyperglycaemia (minimum effective dose 200 pmol kg? = 
0.33 ug kg—)*. These effects are not prevented by adrenalectomy 
or hypophysectomy. The hypotensive effects are not altered 
by a- or B-adrenergic blockers. Neurotensin also stimulates the 
contraction of guinea pig ileum while relaxing rat duodenum 
in vitro, Neurotensin is as potent as bradykinin in its effects on 
guinea pig ileum and rat duodenum and thus is classified as a 
kinin?. It increases plasma gonadotropin levels in ovariecto- 
mised, oestrogen—progesterone-treated rats after intravenous 
injection (minimum effective dose 5 nmol kg~ = 8.4 ug kg ®t, 
Intravenous administration of a dose of 3 ug kg to rats 
produces hypoinsulinaemia, hyperglycaemia and hyperglu- 
cagonaemia®, 

Intracisternally (i.c.) administered thyrotropin-releasing 
hormone (TRH, effective dose 10 ug) and TRH analogues 
antagonise the depressant and hypothermic properties of various 
barbiturates” and ethanol!®, Neurotensin, administered i.c, 
but not peripherally, potentiates markedly the sedative effects- 
of pentobarbital in the mouse". To understand this apparent 
synergistic interaction with pentobarbital further, we have 


Fig. 1 Effect of i.c. neurotensin on the core temperature of 
mice subjected to a cold environment (4 °C). Data are expressed 
as °C-+s.e.m. Experimental values were compared with those of 
controls by Student’s ¢-test (two-tailed). Small open circles, 
0.1 ug of neurotensin (n = 11); small closed squares, Saline 
(n = 22); closed circles, 0.030 pg of neurotensin (n = 11); 
closed triangles, 1 pg of neurotensin (n = 121); small open 
squares, 0.3 ug of neurotensin (n = 6); large open circles, 
3 ug of neurotensin (n = 6); large closed squares, 10 ug of 
neurotensin (n = 6); open triangles, 30 ug of neurotensin 
(n = 6). tP < 0.001; ttP < 0.01; tTtP < 0.05. 
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Table 1 Effect of intracisternal neurotensin on temperature regulation at 25 °C in the mouse 


Rectal temperature (°C)+s.e.m. 


Substance 0 min 30 min 60 min 90 min 120 min 
Saline (n = 7) 37.6+0.184 38.1 +0.134 37.9 +0.315 37.7 +0.358 37.6+0.280 
Neurotensin 10 pg (n = 7) 37.8 +0.275 34.8+0.253* 35.3+0.155* 35.8 +0.193t 35.6 +0.420 
Neurotensin 30 ug (n = 7) 37.7 +0.180 34.5 +0.421* 34.7 +0.506* 35.7 +0.476t 





*P < 0.001 by f test. 
tP < 0.01 by f test. 


investigated the effects of centrally administered neurotensin 
on thermoregulation. 

Adult male Swiss-Webster mice (24-25 g) were anaesthetised 
lightly with ether and injected i.c. with neurotensin (0,03-30 pg 
in 10 pl of vehicle) or 10 pl of vehicle (0.9% NaCl solution). 
Recovery from anaesthesia required about 1 min. Mice were 
then placed in individual plastic cages without bedding in a 
room maintained at 4 °C or room temperature (25 °C). Rectal 
temperatures were assessed at 30-min intervals with a ther- 
mistor probe. TRH, luteinising hormone-releasing hormone 
(LHRH), melanocyte-stimulating hormone-release-inhibiting 
hormone (MIF I), substance P and somatotropin release- 
inhibiting hormone (SRIF) were also tested at 4 °C by intra- 
cisternal injection in doses equimolar to 30 ug of neurotensin. 
Neurotensin was also injected i.v. at 10, 30 and 100 ug kg™. 
Those doses were substantially greater than those reported 












34.9 +0.641 


administration of TRH has been reported to induce hyper- 
thermia in rabbits!?, while others have shown that intracerebro- 
ventricular TRH induces hypothermia in cats!®. Both the 
hypothermia at 25°C and the considerable changes in cold 
tolerance at 4°C observed after the i.c. administration of 
neurotensin suggest that it is involved in central thermo- 
regulatory processes. This is also suggested by its only reported 
endogenous location, the hypothalamus, long implicated in 
control of temperature. It is premature to hypothesise a 
mechanism or locus of action of neurotensin in cold tolerance. 
The fact that central administration of this peptide has marked 
effects on both maintenance of body temperature and the 
duration of pentobarbital-induced sedation™ indicates that it 
can affect the central nervous system directly. This is supported 
by lack of action of this peptide in both these situations after 
peripheral administration. The failure to find activity in these 


Table 2 Effect of i.c. hypothalamic peptides on cold-induced (4 °C) hypothermia in the mouse 


Rectal temperature (°C)+s.e.m. - 


Substance* 0 min 30 min 60 min 90 min 120 min 
Saline (n = 12) 37.2+0.390 36.440.476 36.0 +0.540 35.4+0.550 35.3 -+0.546 
TRH (n = 6) 37.10.177 34.4 +0.929 34.2 +0.947 34.3 +0.757 33.71.22 
LHRH (n = 6) 37.9 +0.196 35.2+0.508 34.8 +0.734 34.04+1.12 33.3+1.40 
MIF I (n = 6) 37.440.095 36.240.522 35.4+0.876 35.21.19 34.3+1.55 
Substance P (n = 6) ~ 37.6 +0.236 36.8 +0.395 36.2+0.585 35.2+0.843 34.0+1.57 
SRIF (n = 6) 37.4+0.293 36.0+0.777 36.2-+0.650 34.6 +0.852 33.6+1.44 


*Doses equimolar to 30 pg of neurotensin in 10 pl of vehicle (0.9% NaCl). 


to cause peripheral vascular changes and were administered 
to assess the possibility that such changes contribute to cold- 
induced hypothermia. Differences in rectal temperatures 
between control and experimental groups were analysed for 
statistical significance by Student’s t-test (two-tailed). 

Neurotensin given i.c. to mice in a cold environment markedly 
accentuated the decline in core temperature over 120 min 
(Fig. 1). This effect was dose related; the minimum dose 
showing an effect at 30 min was 0.03 pg. The i.c. administration 
of 10 and 30 yg of neurotensin also caused a significant 
decrease in core temperature at 25 °C (Table 1). The intra- 
cisternal delivery of TRH, LHRH, MIF, substance P and 
SRIF failed to produce any significant changes in rectal 
temperature from the control values at 4°C during the 2-h 
period of observation (Table 2). In contrast to the action of 
neurotensin after intracisternal delivery no significant effect on 
cold tolerance was observed after intravenous administration 
of neurotensin (Table 3). 

TRH is the only peptide previously reported to affect 
thermoregulation. Intracerebroventricular and intravenous 


tests after peripheral administration of substantially greater 
amounts than are active centrally suggests the site of action of 
neurotensin lies within the blood-brain barrier. But the 
possibility that neurotensin i.c. exerts its effects by acting 
directly on cerebral vasculature or on central mechanisms that 
control peripheral vasomotor changes cannot be excluded. It 
is interesting that substance P, an unadecapeptide that also 
induces hypotension after intravenous administration”, has 
no effect on thermoregulation in a cold environment after 
central administration. In a similar manner, SRIF, a tetra- 
decapeptide, failed to affect cold tolerance significantly. These 
findings suggest specificity of the neurotensin effect we have 
described. 

In our experiments with mice, we found that even i.v. neuro- 
tensin at 100 ug kg— failed to induce cold intolerance. On the 
other hand, Carraway and Leeman found in the rat that less 
than 2 ug kg™ given intravenously produces cyanosis and 
hypotension?. We did not measure possible blood pressure 
changes in our mice, but constant observation revealed no 
cyanosis. Species differences may account for this discrepancy. 


a a Ėmus 


Table 3 Effect of intravenous neurotensin on cold-induced (4 °C) hypothermia in the mouse 





Rectal temperature (°C) +s.e.m. 


Substance 0 min 30 min ‘ 60 min 90 min 120 min 
Saline (n = 16) 38.6+0.172 37.1 +0.191 36.8 +0.242 36.4+0.358 35.840.522 
Neurotensin 10 ug kg—™ (n = 8) 37.8 +0.213 37.0 +0.245 36.8+0.281 36.7+0.313 36.3 40.384 
Neurotensin 30 ug kg™ (n = 8) 39.0 +0.152 37.3 +0.243 37.1 +0.543 36.0 +1.22 35.4+1.14 
Neurotensin 100 pg kg™ (n = 8) 38.8+0.137 37.440.195 37.340.177 36.8+0.205 36.5 +0.288 
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Species differences may also explain the null effect of TRH in 
our study, which contrasts with its reported effects on thermo- 
regulation in rabbit*? and cat?. 

In the light of the evidence presented here, neurotensin can 
apparently be included in the growing list of peptides which 
seem directly to influence central nervous system function’®. 

This work was supported in part by grants from the US 
PHS. We thank Abbott Laboratories for TRH and MIF I 
and Wyeth Incorporated for SRIF. Other compounds were 
purchased from Beckman Instrument Company. 
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Pancreatic gastrin in 
foetal and néonatal rats 


Ir has been suggested’ that pancreatic gastrin is stored in 
islet A; (or D) cells. There are, however, conspicuous histo- 
logical and histochemical differences between antral gastrin 
cells and A; cells, indicating the storage of different peptide 
molecules in these two types of cell’. Furthermore, pan- 
creatic tumours producing gastrin are composed of cells 
that have no features in common with A, cells but often 
resemble antral gastrin cells’. We have now tested a large 
number of gastrin antisera, most of which were specific for 
the C-terminal, bioactive, sequence of gastrin-17, on both 
unfixed and formaldehyde-fixed tissue, and found that all 
antisera reacted with antral gastrin cells but not with A; 
cells. Also, radioimmunoassayable pancreatic gastrin occurs 
at levels far below those expected if the A; cells stored 
gastrin’. We conclude that if gastrin-like peptides occur in 
the pancreatic A; cells they must be devoid of the bioactive, 
C-terminal sequence. While studying the ontogeny of the rat 
gastrin cell we have, however, found, at a certain Stage of 
development, true gastrin cells in the pancreas. 

In the pancreas, gastrin-immunoreactive cells were 
observed at day 18 of foetal life (the earliest stage studied). 
The cells occurred both in islets and scattered among 
exocrine cells (Fig. 1a). The gastrin cell number increased 
up to day 4 after birth, when it slowly began to decrease, 
A few pancreatic gastrin cells were seen in 12- to 20-d-old 
rats but at this stage they were usually restricted to the 
ductal epithelium. In rats older than 20d gastrin cells were 
never observed in the pancreas (except for occasional cells 
in the epithelium of large excretory ducts). During all stages 
e 
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the gastrin cells seemed uniformly distributed between the 
tail and the duodenal lobe. 

In the duodenum of adult rats gastrin cells were scarce”, 
The duodenum of rat foetuses contained, however, a fair 
population that could be detected at a foetal age of 18d. 
Like the pancreatic gastrin cells, these cells increased in 
number until a few days after birth when their number (per 
unit area) started to decrease. In the antral mucosa, gastrin 
cells could be detected only after birth’. Cells, with an 
ultrastructure indistinguishable from that of the presumed 
gastrin cells (G cells) of rat antral mucosa, were detected in 
antral and duodenal mucosa and in pancreas of neonatal 
rats (4-d-old) (Fig. 15). The distribution pattern and number 
of G cells was in good agreement with that of the gastrin- 
immunoreactive cells. Cells with an ultrastructure remi- 
niscent of G cells have previously been detected in cultures 
of neonatal rat pancreas’. Such cells were not found in 








Fig. 1 a, Pancreas from 19-d-old rat foetus, showing an islet 
containing several peripheral gastrin cells (immunoperoxidase 
staining; < 217). b, Pancreas from 4-d-old rat, showing a May 
G cell (glutaraldehyde-fixed, osmicated specimen; x 7,800) 
Foetal rats were removed at 18, 20 and 21 d of gestation, and 
newborn and young rats taken 1-30 d after birth. Adult male and 
female rats (200-300 g) were also used. After diethyl ether 
anaesthesia the antropyloric region, the duodenum and the duo- 
denal lobe (that is, the portion of the pancreas that is adjacent to 
the duodenum) and the tail of the pancreas were dissected out. 
The specimens were freeze-dried and fixed with formaldehyde 
vapour. Paraffin sections were subjected to an indirect immuno- 
histochemical method for demonstrating gastrin immunoreacti- 
vity*. Gastrin antisera numbers 2604, 2609, 2720 and 4562 (ref. 8) 
were used at dilutions 1:20, 1:40, 1:80 and 1:640, respectively. As 
a specificity control, these antisera were inactivated by the addi- 
tion of synthetic human gastrin I (100 ug per ml diluted serum). 
Thus inactivated antisera failed to produce immunohistochemical 
staining. Samples for radioimmunoassay were taken from the 
same locations in 4- and 20-d-old and adult rats and extracted for 
25 min in boiling redistilled water. The extracts were stored in the 
deep freeze until analysis. Each extract was analysed in triplicate 
at six different dilutions. Dilution curves for all extracts were 
identical with the standard curve. Gastrin was measured with 
antiserum 2604-8 (ref. 8). This antiserum is specific for the bio- 
active, C-terminal sequence of gastrin-17 and binds components 
I, TI and III with equimolar potency’. It reacts very poorly with 
cholecystokinin, the molar ratio between ID,, of synthetic 
human gastrin-!7 and highly purified porcine cholecystokinin 
being <0.006. Monoiodinated gastrin-17 was used as tracer!’ 
and synthetic human gastrin-17 as standard. 
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> 2 Elution A tgs reo componeais from extracts 
a, pancreas (3.2 p synthetic human gastrin-17 per 

wet weight tissue); b, duodenum (10.5 Eq synthetic nie 
gastrin-17 per g wet weight tissue); and c, antrum ( 18.4 uEq 
synthetic human gastrin-17 per g wet weight mucosa). Pancreas 
and duodenum were from 4-d-old rats, antral mucosa from adult 
rats. The tissues were frozen and then boiled for 25 min in redis- 
tilled water, homogenised and centrifuged. The supernatants 
were applied to Sephadex G-50 superfine columns (25 x 2,000 
mm) and eluted with 0.25 mol 1 NH,HCO, at4 °Cin 3.0ml 
fractions at a flow rate of 15.0 ml h~*. The columns were cali- 
brated with albumin (void volume Vs), 22NaCl (total volume 
V,), highly purified human gastrin-34 (component II), gastrin-17 
(component III), and gastrin-14 (component IV) donated by 
Professor R. A. Gregory and Dr Hilda Tracy (Liverpool). 
Roman numbers I-IV indicate elution volumes of components 

I-IV from calibration studies. 


the pancreas or duodenum of adult rats. As gastrin cells 
are rare in the duodenum of the adult rat", however, they 
may therefore have escaped attention in the electron micro- 
scope. 

Gastrin immunoreactivity was observed to a considerable 
extent in the duodenum (10.5 „Eq synthetic human gastrin- 
17 per g wet weight tissue) and pancreas (3.2 ugg™') of 
4-d-old rats. The level of antral gastrin at this age was 
considerably lower (0.9 ug g™'). For comparison, the con- 
centration of antral gastrin in the adult rat was 18.4 ug g`. 
In the pancreas of 20-d-old rats no gastrin could be detected. 

Gel-permeation chromatography revealed that gastrin 
immunoreactivity from the pancreas (and antrum) of 4-d-old 
rats eluted in the same pattern as gastrin from antral 
mucosa of adult rats (Fig. 2). In the duodenal extracts 
(4-d-old rats) the proportion of component II (gastrin-34) 
was greater (Fig. 2) than in the antral and pancreatic 
extracts. 

We refer to the immunoreactive pancreatic cells as gastrin 
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cells because: like antral and duodenal gastrin cells they 
can be demonstrated in sections from formaldehyde-fixed, 
paraffin-embedded specimens; they can be demonstrated 
using a variety of gastrin antisera, of which most are 
directed against the bioactive C-terminal portion of gastrin- 
17 (ref. 9); in extracts of foetal and newborn rat pancreas 
significant quantities of gastrin have been demonstrated by 
radioimmunoassay; the extracted gastrin eluted by gel- 
permeation chromatography in a pattern indistinguishable 
from that of antral gastrin. 
Little is known about the ontogeny of gastrin cells. Using 
a bioassay procedure Zelenkova and Gregor'* observed that 
in the rat antral gastrin appears first after weaning. We 
have reported previously" that antral gastrin as revealed by 
immunohistochemistry and radioimmunoassay, appears far 
earlier. Also, in rabbit and man’ gastrin cells have been 
shown to occur prenatally. In the 18-d-old rat foetus, gastrin 
cells were found in the duodenum and in the pancreas but 
not in the antrum. Thus, gastrin cells do not seem to appear 
first in antral mucosa but instead make their debut in the 
duodenum and in the pancreas. The role of this early gastrin 
is unknown, but it may exert trophic actions on the 
pancreas and/or the gastrointestinal tract". 
This work was supported by the Swedish and Danish 
MRC and the Landsforeningen for kraeftens bekaempelse. 
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Kinetics of reaction in 


calcium-activated skinned muscle fibres 

A PROCEDURE reducing the diffusion-limited equilibration time 
of the Ca?+ concentration within skinned muscle fibres? activa- 
ted from outside has been used to investigate the kinetics and 
the stoichiometry of Ca?+ in the process of tension development 
in frog skeletal muscle. The diffusion problems are minimised 
by activating (or relaxing) the myofibrillar preparation in a 
solution with a very high Ca**-buffering capacity compared to 
that of the fibre as a whole®? (solution in the interfilament space, 
sarcoplasmic reticulum, myofibrillar proteins); by using only thin 
fibres; and by using an efficient pH buffer (TES: N-Tris 


(hydroxymethyl) methyl-2-aminoethanesulphonic acid) and a 
e 
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Average apparent 
Ligand Cation binding constant 
(M7) 

ATP Mg?* 5,800 +400 
EGTA Ca*+ (5+0.5) x 105 
(molecular Weigh 380. 4) 

Mg?+ 2545 
HDTA Mg?t 8+1.5 
(molecular weight 348.4) Ca?t 6.5+1 
TES Mg?t ~ 

Ca?+t ~1 
Creatine phosphate (CP) Mg?* 1241.5 


Table 1 Apparent binding constants of the ligands used in the bathing solutions 





Experimental conditions 


Measured at pH 7.10 


Measured at pH 5.7-5 8, 


presence of TES 0-250 mM, 


extrapolation® to pH 7.10 


' Measured at pH 7.10 


Measured at pH 7.10 
Measured at pH 7.10 


Measured at pH 5.0-5.10, 


` extrapolated to pH 7.10 


Observations 


Very good agreement with the calculated? 
apparent binding constant based on the ‘‘abso- 
lute” values reported by Taqui and Martell?! and 
Phillips eż al.?°, for the same temperature values 
and ionic strength. 


The measured apparent binding constant at room 
temperature was ~ 20% higher and is ın good 
agreement with the calculated* value based on the 
results of Schwarzenbach’ obtained at room 
temperature and in the presence of 0.1 M Kt. 


The measured value at room temperature was 
46+6 M~- and is in very good agreement with 
the calculated value based on the result of 
Schwarzenbach’ (see above). i 


Agreement with Anderegg!?. 


Agreement with Good et al.31. 


Considering that at pH 7.10 the creatine phosphate 
is divalently charged, the apparent binding 


The determinations were made with a pH metric method at [K+] = 


high ATP concentration in conjunction with a powerful ATP 
regenerative system (creatine phosphate (CP) and creatine kinase 
(CK)). Great care has been taken in preparing bathing solutions 
with similar concentrations of monovalent metallic cations 
(~ 150 mM), protons (pH 7.1) and [Mg?+] (~ 1 mM) (refs 5 and 
6) to those in vivo.:For this purpose, the apparent binding 
constants of the various ligands for Ca?+ and Mg?+ have been 
measured by a pH metric method (Table 1). 

A first important observation is shown in Fig. 2g, where a 
myofibrillar preparation was activated in a solution with a high 
Ca**+-buffering capacity around pCa 3 (using NTA:nitrilotri- 
acetate)’*® afterebeing equilibrated in 0.1 mM EGTA (ethane- 
dioxybdis(ethylamine)tetraacetate). Although the fibre is activa- 
ted from outside® force develops rapidly, with a time constant 
similar to that observed in vivo during a tetanus!°1, This 
record can only be used for qualitative interpretations since here 
diffusion still remains a problem. 

In the other expertments (Figs 1 and 2a-f), the Ca?+- buffering 
capacity of the interfilament space has been lowered by incu- 
bating the myofibrillar preparation in 0.15 mM EGTA and by 
adding 10 mM caffeine to all bathing solutions!*. Subsequently, 
the preparations. were activated in 50 mM EGTA+CaEGTA. 
To maintain other ionic species constant during the tension 
response, HDTA _ (hexamethylenediamine-NNN’N’-tetraace- 
tate)!® was used. The loading of the skinned fibre preparation 
with the Ca*+-sensitive photoprotein aequorin™ has indicated 
that for the conditions in Fig. 2a-f, the myofibrillar Ca?+ 
concentration will practically equilibrate within 150 ms of the 
change of solutions (unpublished). 

The results presented in Figs 1 and 2a-f were obtained from 
the same preparation in order to reduce their scatter. These 
results are typical of more than 20 experiments. For the kinetic 
analysis it is important to note that for the experimental condi- 
tions described in the legends, the absolute steady-state level for 
a given [Ca?+] has a much more pronounced tendency to 
change!5 -17 (dropping by 3-8% from one contracture to the 
next) than the time course of the tension development, which 
remains essentially the'same even after 7 actıvation-relaxation 
cycles (see Fig. 2 and legend). The relative steady-state isometric 
tension levels, unlike the absolute force values associated with 
different [Ca?+] are not affected by repetitive contractures and 
this relationship is illustrated in Fig. 1. A fourfold increase in 


constant is ın agreement with the value reported 
by Smith and Alberty?? for room temperature and 
0.1 M tonic strength. 


130 mM, [Na+] = 40 mM, temperature 1+0.5 °C. 


[Ca?+] (from pCa 6.5 to 5.88) corresponds to an increase of 
the relative tension from about 9 to 92%. Since the minimum 
number of calcium ions involved in the process of tension activat- 
ion is suggested by the smallest integer n which satisfies the 


10 ae 
aie 


Relative force 





Fig. 1 Dependence of the relative steady-state isometric tension 
response on [Ca?*] expressed as pCa (-—log[Ca?*]) in skinned 
fibres from the iliofibularis muscle of Rana esculenta, The 
experimental values (@) have been obtained on the same prepara- 
tion, from 25 cycles of contraction (some of which are shown in 
Fig. 2), to reduce the scatter indicated by the vertical bars. 
The relative force values have been corrected for the drop in 
tension due to multiple activation-relaxation cycles (see Fig. 2 
and text). The continuous solid line represents the theoretical 
prediction from equations (1)-(3) for the constants mentioned 
in the text. The isometric tension has been measured with an 
RCA force transducer The recording system had a sensitivity of 
0.3 mV N=, a resonant frequency of 150 Hz and a compliance 
of 1.4 cm N~. The bathing solutions (volume 3 ml) have been 
changed using a method similar to that of Hellam and 
Podolsky% %16, All but the incubating solution were covered to 
avoid volume changes. The solutions contained substances of 
reagent grade (mM): [Ca-EGTA2-] + [EGTA2-], 50; [Na2-CP], 
10; [Na.-ATP], 8; [Caffeine], 10; [TES], 140 Creatine kinase 
10 U ml™. The pH was adjusted to 7.10+0.01 with KOH at 
1°C so that the final value for [K+] was 137.52 mM. The 
concentration of the added MgCl, varied slightly (within 1 mM) 
in order to maintain a free Mg concentration of 1 mM in each 
solution, based on the apparent affinity constants shown in 
Table 1. To improve the accuracy of the relative and absolute 
[Ca2*] determinatiors in the bathing solutions, the free EGTA 
concentration has been always retitrated in each solution after 
the exper:ments?’, and care has been taken to maintain the pH 
in all solutions witkin 0.01 units. Temperature: 2 + 0.5 °C. 
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Fig. 2 a-e Time course of the 2nd, 4th, 5th, 6th and 7th isometric 
tension responses in the same frog myofibrillar bundle as for 
Fig. 1, when activated ın EGTA containing solutions (for ` 
composition see legend Fig. 1). Diameter 50 um, length 
1.2 mm; sarcomere length close to its value in situ, 2.3-2.5 um. 
The pCa values of the activating solutions are shown above the 
arrows which indicate the moment of immersing the preparation 
in the contracting solution. Before each contracture, the prepara- 
tion has been equilibrated for at least 4 min in a relaxing 
solution which had the same free cationic composition as the 
activating solution with the exception of [Ca?+]. The relaxing 
solution contained 50 mM HDTA?~ and 0.15 mM free EGTA?- 
in order to balance the activating solutions which contained 
50 mM Ca-EGTA?- + EGTA?~. The contamination level of 
calcium was about 10 uM, due mainly to TES, caffeine and 
HDTA, so that the pCa value in the myofibrillar preparation 
before the activating step was around 8. The artefact which 
appears in front of the arrows 1s due to the movement of the 
myofibrillar bundle through the solution-air-solution interface. 
The temperature of the solutions and of the air around the 
preparation has been maintained to 2 + 0.5 °C throughout the 
experiment. During the first several high contraction cycles, the 
maximum. tension had a tendency to drop by about 6% per 
cycle. After the 12th cycle, the steady-state values dropped less. 
The rate of tension development for a given pCa was more 
stable, decreasing for example only by 8% between the 5th and 
the 13th cycle of contraction, but maintaining very accurately 
the same shape. f, Time course of the relaxation (20th cycle) of 
the preparation in a solution containing 50 mM free EGTA?~ 
(pCa> 9) after being contracted for 3 min in a similar solution 
as the relaxing one (see above), but in which EGTA?~ was 
replaced by HDTA?- (see text). This contracting solution 
contained 10 uM unbuffered Ca in addition to the contamination 
level of about 10 uM. g, Time course of the tension development 
in a frog myofibrillar bundle (diameter 45 um, length 1.5 mm, 
sarcomere length about 2.3-2.5 um) at 4 °C, when activated in a 
solution containing (mM): NTA, 30; TES, 100 (pH 7.104-0.01 
with KOH); CaCl,,: 2715; MgCl, 6.3; Kt, about 115; 
Na,-ATP, 6.:In this solution the level for both [Ca?*] and 
[Mg?*] should be.close to 1 mM, (refs 7, 8). The preparation 
had been previously equilibrated for 5 minutes in a relaxing 
solution containing (mM): TES, 100 (pH 7.10+0.01 with KOH); 

--KCl, 86; Na,-ATP, 6; MgCl, 6.12; EGTA, 0.1, in which the 
free "Me concentration should also be about 1 mM. The dashed 
lines represent the level of the isometric tension in the solution 
before the ‘activating (a-e and g) or the relaxing (f) step. 
The solid dots (@) superposed on the experimental records a-f 
are the predicted values for the relative tension development 

from the kinetic scheme presented 1n the text. 


e à 
inequality R">100 (R being the ratio between the free calcium 
concentration corresponding to the relative tension of 91% 
and that corresponding to 9% relative tension)", it follows that 
in order to explain the experimental ‘results plotted in Fig. 1, 
where n = 4, one has to assume at least 4 Ca?+ per ‘functional 
unit’. i Ai 

Figure 2a—e is a set of experimental tension records obtained 
as a result of a rapid increase of [Ca?+] in the myofibrillar bundle 
by the procedure described. First, up to [Ca?*]~1.2 uM ten- 
sion develops much slower than the expected time for [Ca?*] 
equilibration within the preparation (< 150 ms, see above) and 
this provides a good resolution for the kinetic analysis. The fact 
that the relatively slow development of tension here is not due 
to a simple physical: process such as diffusion is supported by 
the large variation of the apparent rate of relative tension 
development for different experimental conditions. Second, all 
the tension transients in Fig. 2a-e are S- shaped, that is, ‘the 
maximum rate of tension development is reached a significant 
time after the moment of activation. This observation suggests 
that atleast tworelatively slowly equilibrating steps are involved in 
the chain of reactions leading to the development of tension?*!*-?°; 
otherwise ‘the curves would rise exponentially in time. A third 
important observation to be made is that the rate of tension 
development as indicated by the inverse value of the time 
required to reach 50% of the steady-state level, rises faster than 
the increase in the free calcium concentration over the pCa 
range shown in Fig. 2a-e. For an increase of 4 times in Ca?+ 
(from pCa 6.5 to 5.88) the half time for the tension development 
decreases sevenfold. This alone suggests that at least one of the 
slowly equilibrating steps of reaction must involve at least 2 

e 
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Ca** apparently, while the other involves at least 1. This third 
observation taken together with the fact that the relative tension 
increases over the same pCa range 6.5-5.88 such as to require at 
least 4 Ca?+ (see above) suggests that more than 4 Ca2+ must 
be involved per functional unit to produce tension. Finally, the 
relaxation in a 50 mM free EGTA solution (pCa > 9) of the same 
myofibrillar preparation, which has been previously equilibrated 
in a solution containing about 20 pM unbuffered Ca (Fig. 2f), 
can be approximated with an exponential having a rate constant 
of —1.75 s~, a value similar to that obtained by Huxley and 
Simmons" in vivo. The time course of the relaxation is consider- 
ably faster than the time course of the activation at pCa 6.5-5.88, 
and this implies that an additional Ca?+ must be involved in a 
faster step of reaction, following the rate-limiting steps for 
activation. In addition, Fig. 2g suggests that, taken separately, 
the reaction steps which follow those in which Ca?+ is directly 
involved for the activation of tension should be considerably 
faster than the relatively slowly equilibrating steps strongly 
controlled by Ca?+ at pCa>5.5, 

A detailed quantitative analysis of the results such as those 
presented in Figs 1 and 2, based on the assumption of reversible 
calcium reactions and on the suggestion that the isometric 
tension response in these fibres is directly correlated with the 
interaction between the myofilaments!”’, has ruled out reaction 
schemes involving less than 6 Ca?+ per functional unit. The 
simplest scheme of reaction to explain the results for pCa> 5.5, 
which can also be connected with recent biochemical data is 
one in which the isometric tension response, P, is proportional 
to the concentration of a product Ca,4-M Cas, resulting from 
two independent reaction schemes, each one involving one 
slowly equilibrating step of reaction 


k k{C k k,[Ca. : 
A AIC CaA EIC] Ca,A KalCal Ca,4 a Ca,A (1) 
-1 —4 


k k_» Ras 
rapid rapid rapid slow 
k[C k 
m ŽEN CaM eleal Ca,M (2) 
k-s eks 
slow rapid 
and P œ [Ca,4-MCa,] œ [Ca;4] [CaM] (3) 


where A—M is the tension functional unit containing the two 
types of Ca?+ reacting sites. The value of k_, has been chosen 
such as to correspond to the rate constant of the relaxation, 
that is 1.75s~, and the value for k_,, suggested by the slowest 
rate of rise for tension (Fig. 2a), was chosen as 0.06 s-!. The 
values for the other parameters used for explaining the experi- 
mental results in Figs 1 and 2 are: k_,, ks, k_3> 15 s7; 
100K, < Ka; 10*K,<K,; K,K, = 7x10" M=; K3K, = 
2.02 x 10 M= (K, = kilk for i = 1,2,3,4); k, = 9.44 108 
Ms; k s = 8.758; kg = 3.2 X 108 M- s—, The predictions 
of this kinetic scheme have been superposed over the experi- 
mental results in Figs 1 and 2a-f. One can see that the 
agreement between theory and experiment is good. 

Recent experiments suggest that the skeletal muscle in 
vertebrates might have a Ca?+ control mechanism of contraction 
linked with both myosin and actin filaments®!-*4, There is also 
evidence that the actin control could involve 4 Ca2+ per 
troponin®-*6, The kinetic scheme presented here based solely 
on experiments using skinned frog muscle fibres in which 
[Ca?+] has been rapidly changed can be attractively connected 
with this new biochemical evidence, and suggests in addition 
that the myosin control in frog might involve two Ca2+ per 
functional unit. 
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X-ray titration of binding 
of B,y-imido-ATP to myosin 
in insect flight muscle 


We have attempted to establish a correlation between the 
binding of an ATP analogue, B,y-imido-ATP (hereafter termed 
imido-ATP), and a structural change induced in muscle in the 
presence of this analogue. Imido-ATP binds tightly at the 
enzymatic site of myosin, but is not hydrolysed there?. When 
applied to glycerol-extracted muscle, it binds to the myosin 
in situ without causing the muscle to relax—that is, a ternary 
actin-myosin-nucleotide complex is formed?. Muscle fibres in 
this condition have the same mechanical stiffness as in rigor, 
but their zero tension point is displaced to a slightly greater 
muscle length, and both X-ray diffraction and electron micro- 
scopy indicate that the conformation of the attached myosin 
has altered, as if the head was rotated relative to the actin? 5. 
Unfortunately both structural signs can be faulted, the 
electron microscopy because of the possibility of fixation or 
postfixation changes®, and the X-ray diffraction because of the 
long time which was used to obtain the required exposures**. 
We have tried to overcome these objections by observing 
diffraction changes within a short time after the nucleotide was 
added, and checking their relevance to the nucleotide binding 
by their relationship to the concentration used—that is, to 
obtain an X-ray titration of the nucleotide binding. For this 
purpose, the most powerful source of X rays available was used. 
The experiments were carried out at the EMBL synchrotron 
radiation facility at the DESY synchrotron, Hamburg’’®, on 
glycerol-extracted dorsal longitudinal flight muscle from 
Lethocerus cordofanus dissected into bundles of 25 to 40 fibres. 
These were mounted on a mechanical apparatus in which their 
stiffness and tension could be monitored, and immersed in a 
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neutral, calcium-free buffer at low ionic strength at 13-15 °C 
(20mM imidazole, 10mM NaN, 4mMEGTA, 10mM 
MgCl,, pH 6.9, as described previously*). An intense mono- 
chromatic X-ray beam of wavelength 1.5 A was passed through 
the sample and the resultant small angle diffraction pattern from 
the hexagonal lattice of myosin and actin filaments was recorded 
at 80-cm specimen—counter distance using a position-sensitive 
gas detector with a resolution of approximately 0.2mm full 
width at half maximum (FWHM) (ref. 9). 

The two strongest diffraction peaks on the equator deriving 


from the basic 530 A Iattice periodicity and designated 1010 


and 2020 were readily recorded in conveniently short times. By 
slight displacement of the beamstop, it was possible to observe 


one 1010 and both 2020 diffraction peaks clearly (Fig. 1a). The 
entrance slit of the detector was opened wide (2 mm) so that the 
entire width of the equatorial peaks were received; the efficacy 
of this was checked by comparison of the counting scans with 
densitometer traces from films of the ‘same specimens. Data 
were usually collected in 300 s, representing 0.5-1.0 x 10* counts 
per channel at the peak of each reflection. The intensity of each 
of the three peaks was estimated from the product of its peak 
height above background and half-height width. The 2020/1010 
intensity ratio R was calculated from the mean value of the two 
outer peaks, R = (2020+ 2020k)/2 x (1010)r. ` 

In rigor (that is, in the absence of nucleotide) R was slightly 
greater than unity (mean +s.e. 1.26+0.03; n = 27), which 
agrees with previous estimates’. On’ addition of sufficient 
imido-ATP to ensure binding to myosin’, the ratio fell by 
approximately one-third of its value (Table 1). The widths of 
the peaks did not alter significantly. Two-thirds of the change 
in R occurred before the mid-time of the first measurement 
(3-6 min after addition of the nucleotide), the remaining change 
occurring gradually over the ensuing 20 min. On removal of the 
nucleotide, the change was partially reversed (mean recovery 
60+10%; n = 10); again, approximately two-thirds of the 
reversal occurred 5-7 min after the start of removal and the rest 
over the following 30 min. Sequential increases of nucleotide 
concentration at 10-min intervals produced a graded increase 
in R. The data fitted a hyperbolic binding curve (Fig. 16) with a 
dissociation constant (Table 1) similar to that obtained by 
direct binding measurements?. On rémoval of the nucleotide 
after the 2-h immersion necessary to obtain this curve, the ratio 


Fig. 1 a, Trace of output from position-sensitive detector aligned 
along the equator of the diffraction pattern from insect flight 
muscle in rigor. The 1010 peak on the left-hand side of the 
diagram is elevated by the background and interrupted by’ the 
beamstop; it was not used for calculation. b, Change in R on 
addition of B,y-imido-ATP in a single experiment. The con- 
tinuous line is the best fitting hyperbola (Ky = 65+6 uM, 
AR max = 0.31 +0.01) (ref 18). 
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Table 1 Changes in R on adding various ligands to insect flight 


muscle 
aa n a UM 
Ligand AR 
B,y-imido-ATP 
500-1,700 uM —0.34+40.05 (10) 


—0.41 £0.03 (46); Ka = 90419 pM 


Limiting value* 
—0.01 +0.01 (7) 


ADP 200-400 Mt 


Pyrophosphate 

600-1,200 M —0.17 +0.03 (4) 

Limiting valuet —0.25 +0.04 (16); Ka = 450 +120 M 
ATP 15 mM —0.59 +0.07 (5) 


EERE 


Mean -ts.e. cited; number of experiments in brackets. AR was 
calculated from the change ın peak heights of the two reflections on 
adding the ligand. ~ 

* Calculated by hyperbolic fitting to the measurements at different 
ligand concentrations’®. 10 mM Mg?* present in all solutions except 
ATP, where 15 mM Mg?*+ was added; pH 6.9, ionic strength=0.1, 
14°C. `s ‘ 

+ 50-100 uM diadenosyl pentaphosphate was also added to these 
solutions to block adenylate kinase activity”. 


reverted towards the rigor value, as in the shorter ‘immersions. 

The effect of other ligands was also. studied. ADP, in a 
concentration well above its known dissociation constant", had 
no significant effect on R (Table 1). Pyrophosphate reduced R 
by a smaller amount than imido-ATP at comparable concen- 
trations. Its effect was graded over the range available, which 
was limited by the solubility of Mg-pyrophosphate. Application 
of a hyperbolic fit indicated that the full effect of binding 
pyrophosphate was probably greater than that observed, but 
still less than that for imido-ATP (Table 1). On removal of 
pyrophosphate the ratio reverted to or beyond its initial value 
(mean recovery 125-+25%; n = 4). 

In all these cases the 5-Hz stiffness (that is, muscle stiffness 
measured by the change in tension resulting from a small 
amplitude 5-Hz sinusoidal length oscillation) of the muscle 
remained high (approximately 20 mg per fibre % extension) in 
the presence of nucleotide, as expected from previous results?. 
On addition of ATP the muscle relaxed; the 5-Hz stiffness fell 
by a factor of four and could not be restored,by extension. The 
ratio R fell by approximately half its value (Table 1) in agree- 
ment with previous observations”; the widths of the peaks did 
not alter. The effect was reversed by removal of the nucleotide 
(mean recovery 87+3%; n = 3). 

During the course of each of these experiments, which lasted 
3-15h, the filament lattice spacing gradually decreased by 
approximately 5% (mean initial value 533 +5 Å; n = 5; final 
value 510+4 Å; n = 5). Addition of any of the unhydrolysed 
ligands had little or no effect on the spacing. 

These results show that within a short time of the binding of 
imido-ATP to myosin, a structural change occurs in the muscle, 
the magnitude of which is directly proportional to the amount 
of nucleotide bound. They do not show the nature of the change, 
since according to model studies either rotation of the attached 
myosin, redistribution of the locus of attachment along the actin 
filament or detachment of a proportion of the myosin from the 
actin would all cause such a change (refs 10 and 12, and 
K. C. Holmes, J. B. L. and R. T. T., unpublished). We believe 
that the third possibility is excluded by the retention of the 
muscle’s stiffness and the high intensities of the actin-based layer 
lines in the presence of imıdo-ATP?—4. It is not possible to 
differentiate the other two possibilities. Whichever structural 
change is responsible, it certainly occurs quickly; the main 
objection to the X-ray diffraction evidence has been removed. 

It is probable that the change in R produced by pyrophos- 
phate has the same molecular origin, since electron microscopy! 
shows elements of the same changes occurring in the muscle. 
The observed concentration dependence agrees with that 
deduced from mechanical observations*. The failure of ADP to 
shift the ratio indicates that this nucleotide causes relatively little 
redistribution or rotation of the myosin; the outer layer lines of 
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the- X-ray diffraction pattern are also little altered by, this 
ligand. ` 

These results are also PEEN to vertebrate skeletal muscle, 
since Lymn has shown that imido-ATP produces a large shift 


in the 1120/1010 ratio in glycerol-extracted rabbit psoas 
fibres™®. As imido-ATP does not reduce the 5-Hz stiffness of 
these fibres at a given tension?, it is probable that this change is 
also due to a redistribution or rotation of attached myosin, 
rather than its release from the actin. If so, this invalidates the 
assumption that a change in R can be used to predict the 
proportion of myosin attached to actin, i 

In conclusion, we now have evidence that’ ligands which 
attach to the enzymatic site of myosin do alter either its position’ 
relative to the actin or the location of the actin to which it tends 
to attach. The effect is both rapid and specific, and may well be 
relevant to the state of the myosin during its contractile cycle. 
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Phosphorylation of troponin I 
and the inotropic effect of 
adrenaline in the perfused rabbit heart 


THE regulation of contractile activity in cardiac muscle by 
changes in the intracellular Ca** concentration involves the 
regulatory protein system, consisting of tropomyosin and 
the troponin complex that is;located in the I filament. 
Although the regulatory protein system of cardiac muscle is 
essentially similar in function to that of skeletal muscle, 
the components differ| in the two tissues. Cardiac tropo- 
myosin consists principally of œ subunits, whereas the 
skeletal protein is composed of a and B subunits’. Troponin 
I, troponin C and troponin T are all specific for cardiac 
muscle in that they have different chemical and immuno- 
chemical properties from the corresponding skeletal muscle 
proteins’. In addition, cardiac troponin I and cardiac 
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troponin C have been shown to have different amino acid 
sequences from their skeletal muscle counterparts*’. 

Although rabbit cardiac troponin I shows considerable 
sequence homology with troponin I from fast skeletal 
muscle, it has an additional 26 residues at the N terminus’. 
The rapid phosphorylation of a serine at position 20 in this 
extra N-terminal part of the cardiac troponin J molecule is 
mainly responsible for the fact that the phosphorylation 
catalysed by cardiac cyclic AMP-dependent protein kinase 
is about 30 times. faster with cardiac troponin I than with 
fast skeletal troponin I (ref. 4). When isolated immediately 
after death by stunning, a phosphate content of 2-3 mol 
mol” has been reported for cardiac troponin I, compared 
with 0.5-1.0 mol mol™ for skeletal muscle troponin I (ref. 
4). These differences suggest that the phosphorylation of 
troponin I may have a special significance for the regulation 
of the contractile activity of cardiac muscle. Further 
evidence for such a role indicates that there is a correla- 
tion between the contractile force developed on adrenaline 
application and the extent of phosphorylation of troponin I 
in the perfused rat heart’. 

We describe here investigations extending our studies on 
the enzymic phosphorylation of isolated rabbit cardiac tro- 
ponin I to the perfused heart. We have attempted to relate 
the effects of adrenaline on the contractile activity of the 
perfused rabbit heart to the phosphorylation of specific sites 
on the troponin I. 

The total phosphate content of rabbit cardiac troponin I 
varied with'the conditions in which the heart was removed. 
Troponin I was immediately isolated by affinity chromato- 
graphy’ and, before analysis, was washed four times with 
7.5% (w/v) cold irichloroacetic acid to remove non- 
covalently bound phosphate. Values of 2.1+0.4 mol P per 
mol were, obtained when hearts were removed immediately 
after death by stunning. If hearts were made anoxic by 
clamping the aorta for 30s just before removal from the 
animal, similar or slightly higher values were obtained. If 
the rabbits were anaesthetised with pentobarbital, and 
troponin I subsequently isolated from hearts removed after 
freezing in situ in Wollenberger clamps chilled with liquid 
nitrogen, a Value of 1.5+0.2 mol P per mol troponin I was 
obtained. 

Hearts removed rapidly from stunned rabbits, as de- 
scribed? for rats, were cooled for 15-20 s in ice-cold saline 
and perfused by the Langendorff procedure at 37 °C with 
modified Krebs-Henseleit buffer’ in.an apparatus fitted with 
a recirculation chamber similar to that described by Morgan 
et al. Force and rate were recorded on a polygraph using 
a force transducer attached to a stainless steel hook in the 
apex of the heart At various times, the ventricles (about 
4 g tissue) were cut rapidly from the heart and homogenised 
immediately in 30 ml of 9M urea, 75 mM Tris-HCl, pH 8.0, 
1 mM CaCl, 15mM -mercaptoethanol and the troponin I 
isolated by affinity chromatography”. During the 2-5 min 
initial equilibration period, cardiac troponin I contained 
2.5+0.4 mol P per mol. After 10-15 min perfusion, the 
phosphate content of troponin I fell to 1:5-1.6 mol P per 
mol and remained nearly constant for at least 100 min, 
during which heart rate and force also' remained virtually 
unchanged. 

Addition of 0.1-4.0 uM adrenaline.to the perfusion media 
after an initial equilibration period of 15 min caused a rapid 
and dose-dependent increase in the force developed by the 
myocardium. Hearts were removed rapidly from the appa- 
ratus at the. moment of peak force development, homo- 
genised and troponin I isolated. Total phosphate content 
increased in. parallel with increasing force, reaching a 
maximum of about 3 mol P per mol troponin I at 2 uM 
adrenaline, when the maximum contractile response was 
obtained (Fig. 1). - i 

If troponin I was isolated 5-10 min after the maximum 
inotropic response when the contractile force had returned 
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Fig. 1 Relationship between the phosphate content of troponin 
I and the increase in force developed in the perfused rabbit heart. 
Force changes were induced by adding 0.3-4.0 pM adrenaline to 
modified Krebs-Henseleit buffer (118 mM NaCl, 4.7 mM KCl, 
2.5mM CaCl,, 1.2mM MgSO,, 0.2mMKH,PO,, 0.5 mM 
Na, EDTA, 25 mM NaHCO, and 5 mM glucose) equilibrated 
with 95% 03:5% CO, at 37 °C, pH 7.4. Hearts were first perfused 
, for a 15-min equilibration period with normal buffer and then 
switched to buffer containing adrenaline. At the peak of the force. 
change, the hearts were homogenised rapidly in buffered 9 M urea 
and troponin I isolated as described in the text. Phosphate content 
was calculated from total phosphate and nitrogen contents 
measured in duplicate samples of trichloroacetic acid-washed 
troponin I as described previously’, using a molecular weight of 
22,500 and a nitrogen content of 16% for cardiac troponin I. 
Figures in parentheses indicate number of hearts analysed. 


to a value similar to that before adrenaline application, the 
total P content was similar to that obtained after equilibra- 
tion but before addition of adrenaline. In the presence of 
B-adrenergic blockers such as propranolol, the inotropic 
response to adrenaline was inhibited and no significant rise 
in the phosphate content of troponin I occurred. 

In a parallel series of experiments, the troponin I isolated 
after perfusion was washed repeatedly with cold 7.5% 
trichloroacetic acid to remove non-covalently bound phos- 
phate and digested with cyanogen bromide. In control hearts 
perfused for 20 min, 90-95% of the total covalently bound 
phosphate was present in the N-terminal cyanogen bromide 
peptide of cardiac troponin I that contains residues 1-48 
(ref. 3). 

After 15-20 min perfusion with Krebs—Henseleit—bicarbo- 
nate medium containing phosphate labelled with “P, the 
N-terminal cyanogen bromide peptide became radioactively 
labelled. Of the P recovered from a tryptic digest of this 
N-terminal peptide 80-90% was bound to serine 20, indicat- 
ing that in the perfused beating heart there was rapid ex- 
change between the pool of intracellular phosphate com- 
pounds and the phosphate on serine 20. If the troponin I 
was isolated at the peak of the inotropic response to adrena- 
line, the total incorporation of “P increased. The distribution 
of radioisotope in the peptides present in the cyanogen 
bromide digest of this troponin I indicated that 90-95% of 
the total ”P incorporated was associated with the region of 
the cardiac troponin I molecule represented by residues 
1-48. 

These results suggest that at least three phosphorylation 
sites are significant for the function of cardiac troponin I 
in the rabbit. One of these, serine 20, is readily phosphory- 
lated by cyclic AMP-dependent protein kinase. This site is 
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usually phosphorylated in the perfused heart and readily 
exchanges with the intracellular phosphate pool. The precise 
location in the region consisting of residues 1-48, of the 
other two sites that must be phosphorylated when the total 
phosphate content rises to 3 mol mol”, is not clear. The 
sequence studies of Grand ef al., have shown that there are 
serines at positions 4, 20, 32, 37 and 39 and threonines at 
positions 26 and 46. Of these, serine 37 might be expected 
to be a site for phosphorylation by phosphorylase kinase by 
analogy with the action of this enzyme on troponin I from 
fast skeletal muscle of the rabbit”. As yet we have .no 
information as to whether phosphorylation of serine 37 is 


‘involved in the inotropic response. 


The results indicate, however, that the increase in the 
phosphate content of troponin I from about 2 mol mol™ to 
3 mol mol” is closely associated with the increase in con- 
tractile force obtained in cardiac muscle treated with 
adrenaline. 

In troponin I from fast skeletal muscle, the N-terminal 
region is somehow involved with interaction with troponin 
C (ref. 13). Judging from the sequence data of Grand et al.’, 
and the inhibition of the phosphorylase kinase-catalysed 
phosphorylation of cardiac troponin I by troponin C (ref. 4), 
a similar interaction probably occurs in the cardiac system. 
The introduction of negative charges by phosphorylation in 
the N-terminal region of the molecule, which contains an 
excess of positively charged amino acids, would be expected 
to alter the strength of the interaction with the negatively 
charged troponin C and thereby possibly change the affinity 
of troponin C for Ca’*. 

Preliminary investigations in this laboratory on natural 
and desensitised actomyosin indicate that after phosphoryla- 
tion of cardiac troponin I by cyclic AMP-dependent protein 
kinase, the Ca?* concentration required for 50% activation 
of the ATPase is increased, that is, the system is less 
sensitive to Ca?* concentration (H. A. Cole and S.V.P., un- 
published). This finding does not confirm those of Rubio 
et al.“, who reported an increase in Ca?* sensitivity of the 
ATPase of cardiac natural actomyosin on phosphorylation 
of troponin I. ‘ s 

Although our results do not permit uş to say whether 
there is a direct casual relationship between the phosphory- 
lation of troponin I and the inotropic effect of adrenaline, 
the events are undoubtedly closely associated in time. In 
view of the results of the enzymic studies, we suggest that 
one function of phosphorylation of troponin I is to act as a 
negative feedback system. Thus by. reducing the sensitivity 
of the actomyosin ATPase to Ca’, it smoothes out the 
contractile response to the rise in intracellular Cat which 
results from the action of adrenaline on the myocardium. 
A detailed account of this work will be published elsewhere 
in due course. 

This work was supported in part by research grants from 
the MRC and the British Heart Foundation and carried out 
during the tenure by R.J.S. of a British American Research 
Fellowship of the American Heart Association and the 
British Heart Foundation. 
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Increase in human skeletal 
muscle lactate produced by fenfluramine 


Our recent hypothesis’ that “anorectic agents” such as 
fenfluramine and mazindol owe at least part of their anti- 
obesity properties to a peripheral action on glucose 
metabolism by causing an dncrease in glucose uptake into 
skeletal muscle and a subsequent “‘wasting of calories” has 
been criticised? on the grounds that there is no information 
on the fate of the glucose ‘so taken up, ‘nor convincing 
evidence for an increase‘in metabolic rate with these drugs. 
We have now studied: the effect of fenfluramine on lactate 
production in isolated human: skeletal muscle, our previous 
work having shown no increase in glycogen’ levels’ nor in 
carbon dioxide production‘, An increase in lactate produc- 
tion would indicate metabolism of the glucose, entering the 
cell under the influence of fenfluramine.’ 

Human skeletal muscle was obtained at surgery for total 
hip joint replacement. The preparation and incubation of 
the tissue (in Krebs—bicarbonate buffer with added bovine 
serum, albumin, 2 mg ml* and glucose 16.67107*M) 
was carried out using the method of Kirby, Leighton and 
Turner’. Muscle strips, wet weight 80-140 mg, were pre- 
pared from each sample and incubated in 2 ml of media 
containing (1) 100 #U mI™ insulin, (2) 100 „U ml” insulin 
plus 100 ng ml fenfluramine’ (previously shown to cause 
a maximal increase in glucose ‘uptake’), (3) 100 yU mI’ 
insulin plus 100 ng mI amphetamine (amphetamine has no 
significant effect on glucose uptake into isolated muscle’), 
For each muscle sample two strips were prepared’ and used 
for control lactat® determinations; they were not incubated 
Flasks were flushed with a mixture of 95% oxygen and 5% 
_carbon dioxide for 10s before incubation at 37°C for 
90 min. The lactate’ content of the muscle'and the residual 
media were then -determined. 

The, method for measuremént of muscle and residual 
media lactate was based on, that for blood lactate using 
NAD/LDH enzymes’ and the Boehringer Mannheim 
Biochemica Test Combination for lactate. Muscle strips 





‘Table 1 Lactate formed by isolated human skeletal muscle incubated 
with insulin, fenfluramine or amphetamine 





‘ 5 Amphetamine plus 
insulin. change 
compared with 


Fenfluramine plus 
insulin: change 
compared with 


Insulin* msulin alone* insulin alone* 
13.85 °°" ' +1.04 ' —0.10 ‘ 
14.11 » —2.09 +1.82 

9.79 1, +2.33' 4 ' +0.84 
9.12 F +0.23 a —3.00 
10.97 < ` +0.10 ` —0.53 
8.78 i +1.67 +2.07 
7.68 °° +1.07 — 1:67 
. 8.58 Sg #153, — 1.57 
7.48 A +2.53 —0.08 
8.79 i +1.07 ' —0.70 
Means+s.em. +0.95 +0.42 —0.29 +0.50 
E eion" ' 226 ` 0.58 . 
Significance : P = 0.05 NS 





All yalües are means of two incubations í 
mmol lactate per kg wet weight skeletal nele peri 90 min; 100 uU 
. ml insulin, 100 ng ml ~ fenfluramine and 100 ng ml + amphetamine. 
e 


‚the S4 protein (the ram locus) are 
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were removed from the media and homogenised for 5 min 
at 25,000 r.p.m. with a blade homogeniser in 2 ml of 0.6 M 
perchloric acid. The homogenate was centrifuged for 10 min 
at 3,000 r.p. m. and 0.2 ml of the supernatant used for the 
lactate determination. One millilitre of the residual medium 
was added to 1 ml of 0.6 M perchloric acid and centrifuged 
as before, 0.2 ml of the supernatant ‘being used for the 
subsequent analysis, with the Biochemica Test Combina- 
tion. A lactate standard (0.5mM) was included as a’ blank. 
Preliminary work had demonstrated a linear relationship 
between absorbance at 340 nm and lactate concentration 
over the range 0-1.0 mM. Good reproducibility was obtained 
with the method, the mean of six muscle lactate determina- 
tions in strips from the same sample being 6.91 +021 mmol 
per kg wet weight of muscle. 

The results (Table 1) demonstrate that fenfluramine pro- 
duced an increase in muscle lactate concentrations. Amphet- 
amine, which has no effect on glucose uptake, has no 
significant effect on lactate concentration. Further ‘studies 
are needed to determine in more detail the metabolic fate 
of the glucose taken up under the influence of fenfluramine, 
but these. results are further evidence for a peripheral 
metabolic mechanism in its anti-obesity activity. 

M. J.K. is: a recipient of the Williams fellowship for 
scientific and. medical, ‘research, awarded by London 
University. 
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Ribosome slowed ‘by mutation 
to streptomycin resistance 


ALTHOUGH the basic mechanisms of protein synthesis are 
now rather well understood, particularly in Escherichia 
coli, it is less clear how the high accuracy of this process is 
achieved. (The error rate in protein synthesis in E. coli 
seems to be about one in 10‘ amino acid misincorporations 
(Edelman: and Gallant, unpublished results, and our own 
unpublished data)). A major site determining accuracy in 
protein synthesis is the ribosome, and in addition to the ribo- 
some-mediated effects on accuracy (in vivo and in vitro) of 
various metal ions, aminoglycoside antibiotics and organic 
solvents, there are ritosomal mutations which increase or 
decrease accuracy’. Certain mutations of the 30S ribosomal 
protein S12’ conferring streptomycin resistance (the strA 
locus) enhance accuracy**, whereas certain mutations in 
own to decrease 
accuracy’. The strA mutations are restrictive (reducing) in 
their effect on both missense and nonsense suppression 
in vivo and on miscoding in vitro’, the ram mutation, on 
the other hand, has the opposite effect in both cases‘. It is 
possible that it is the kinetics of polypeptide synthesis at 
the ribosome that determines accuracy and that the kinetics 
in turn are affected by the strA and ram mutations. Because 
the same transfer RNA (tRNA) discrimination kinetics 
that may determine accuracy may also contribute to the 
elongation speed, we have investigated the effect of mutation 
to streptomycin resistance on the speed of polypeptide 
elongation... -` 

A simple kinetic model for discrimination of charged 
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tRNA at the ribosome, like that described by Ninio’, may 
be constructed. Such models imply directly that the more 
accurate a given ribosome, the slower is the transpeptidation 
reaction, and therefore the longer is the time required to 
synthesise a polypeptide of given length. In such a model 
one can attribute the specificity of message-directed poly- 
peptide synthesis to the energy differences. between binding 
of the complementary and non-complementary amino- 
acyl-tRNAs to the message codon and the amino-acyl site 
on the ribosome. Although we do not know what part of the 
elongation cycle time is required for transpeptidation, we 
expect that a mutation to streptomycin resistance, and 
therefore to a more accurate ribosome, should cause an 
increase in this time and thus a slowdown in elongation. We 
investigated this hypothesis by examining an otherwise 
isogenic set of independent spontaneous mutants, resistant 
to high levels of streptomycin, and have found that they do 
translate message at a slower rate. 

Translation speed was determined by measuring the time 
required for the first newly synthesised -galactosidase 
molecules to appear after induction of the lactose operon. 
This induction lag was measured in exponentially growing 
cultures by sampling every 5 (or 10)s into chloramphenicol 
to stop protein synthesis and assaying each of these samples 
for B-gal activity to generate an induction curve. The time 
between induction and the appearance of the first newly 
synthesised enzyme was determined to an accuracy of +3 s. 
For the wild type, streptomycin-sensitive strain (TH79), the 
lag time we measured agrees with the results of Lacroute 
and Stent? and Kepes”. Although we are interested’ here in 
the relative differences in the measured lag times and not 
necessarily the absolute chain elongation times, the results 
of their experiments’*® indicate that the chain elongation 


Fig. 1 Measurement of lag time to first completed B-galactosi- 
dase molecule (B-gal). Cultures of a lac permease negative 
(derivative of W1485) K12 strain, TH79(Srr5), and a spon- 
taneous mutant derivative to streptomycin (200 pg mI-) 
resistance, IH82, were grown in glycerol minimal’ medium at 
37 °C to a well-established exponential phase and then induced 
at t=0 by adding isopropyl-B-p-thiogalactopyranoside to a 
concentration of 1.0mM. The cultures were sampled every 5s 
by taking 0.5 ml into test tubes containing 0.5 ml of a solution 
(1.0 mg mi~!) of chloramphenicol in distilled water These 
samples were then assayed for B-galactoxidase activity. Cell 
lysis was accomplished with chloroform and B-gal activity 
measured by ‘hydrolysis of orthonitrophenol-B-p-galacto- 
pyranoside at 37 °C (ref. 8). The data are reported here in terms 
of the uninduced level of B-gal. From the observed point to 
point variation in the measured basal level (points before 80 s, 
for example) and by repeating the experiment several times we 
determined the inherent error in specifying the intercept and 
estimate that the time lag was measured to an accuracy of 
+3 s. A, IH32, streptomycin resistant; O, 1H79, streptomycin- 
sensitive. 
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Fig. 2 Induction curves for IH79 and IH82 with actinomycin D. 
The conditions and sampling procedures for the chloramphenicol 
‘experiments were as described in the legend to Fig. 1. The cultures 
for the actinomycin experiments were treated by resuspension 
at 37°C in EDTA-Tmis buffer? (1 mM EDTA, 0.12 Tris, 
1 mM Na.PQ,, 0.5% glycerol at pH 7.6) for 2 min. The EDTA- 
treated culture was then diluted 10:1 into prewarmed medium. 
The induction was begun 5 min after dilution. The sampling 
scheme was as ın the chloramphenicol experiments except that 
the samples were held at 37 °C for 30 min after sampling to per- 
mit all free message to be completely translated. A, Strain 
TH82 (Str®); O, 1H79 (Str). The intercepts are not significantly 
different from each other or the chloramphenicol measured 
intercepts for IH79 (Fig 1) (into 0.5 ml of actmomycin D 
20 pg mi~?). ---,-Lag time ei e arrow, lag time for IH82 
a 1g. 1).- 


time is at least 90% of the lag time (see also our un- 
published work). 

We isolated a-set of streptomycin-resistant mutants (to 
200 ug ml“ of streptomycin) which were produced spon- 
taneously from independent cultures. This strain set is 
therefore, with high confidence, isogenic for all loci but the 
strA locus. Identical procedures for measuring the induction 
lag revealed a significant increase in the lag time for the 
streptomycin-resistant derivatives of IH79 over the parent 
strain (see Fig. 1 in which data for the parent and one such 
derivative are presented), The independence of the strA 
mutations in this .set, the negligible probability of double 
mutation and the well characterised ‘nature of the strA locus 
as the structural gene for the 30S ribosomal protein $12 and 
the only mutational locus for the high level streptomycine 
resistance’, strongly suggest that the change in speed of 
protein synthesis is caused by a change in the ribosome 
speed during translation, rather than by a change in 
transcription rate. ` 

This conclusion can be tested further by measuring the 
lag time for the completion.of the first messenger RNA 
(mRNA) transcript of the gene. We have measured this 
time by using the DNA-binding drug actinomycin-D to stop 
transcription in a set of samples taken in a time series 
identical to that described above’. The time lag observed 
by this method (see legend to Fig. 2) is the time required, 
for the passage of the RNA polymerase molecule down the 
full length of the z gene, the time for completion of the 
initial mRNA. The results (shown in Fig. 2) revealed no 
significant difference between sensitive and resistant strains 
and support our presumption that the mutation to 
streptomycin resistance affects the elongation speed and 
leaves the transcription speed essentially unchanged. 

There is evidence that translation speed and transcription 
speed ‘are coupled“ by some yet unknown mechanism. 
Judging from the results of Gupta and Schlessinger“ we 
would expect, however, to see a significant shift in tran- 
scription speed only for translation speeds much ‘less than 
we observe in IH82. 5 

These experiments show clearly that ribosome speed ‘in 
E. coli is not a fixed parameter inherent to the protein 
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synthetic apparatus,. but a variable determined by the 
kinetics of translation and ultimately by the structure of 
the ribosome. (After this work was. completed another, 
possibly related, phenomenon .was reported in which 
increased levels of streptomycin in streptomycin-dependent 
strains apparently cause a proportional increase in the speed 
of translation’ ) We have observed a shift from about 14.7 
amino acids per s ın the wild type (Str*) to about 10.5 amino 
acids per s in some ribosomal mutants (based: on a #-galac- 
tosidase length of approximately 1,173 amino acids’), Fur- 
thermore, the correlations between speed and ribosomal 
accuracy which are expected from simple kinetic models 
are in agreement with the observations that mutation to 
streptomycin resistance but not to spectinomycin resistance 
(data not shown), which does not affect ribosomal accuracy, 
increases accuracy and -decreases ribosome speed. The 
nature of the delayed induction .curve ‘seen in the strepto- 
mycin-resistant strains suggests that the delay is caused by 
a change in elongation speed and‘not in the ribosomal 
initiation rate: a decreased initiation, frequency would cause 
a decreased rate of B-gal synthesis, not just a delay in an 
otherwise unchanged induction curve ‘as we observe. A more 
direct separation .of the: two effects will, however, be 
necessary before this question can be settled completely. 

Further experiments, designed to investigate the accuracy- 
speed connection suggested by this work, have been carried 
out on previously characterised strA alleles and on a 
characterised ram allele. This work (to be reported else- 
where) indicates that the ram allele reverses the effect of 
mutation to Str resistance, and that strA alleles may be 
ordered by their ribosome speeds. Further biochemical ‘and 
genetic investigations of the kinetics of translation may 
lead to a fundamental understanding of the molecular 
processes underlying the discriminatory functions central to 
the information transfer which occurs at the ribosome 
during protein synthesis. 

This work was carried out under the auspices of the 
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Regulation of ribosomal 
RNA methylation in a 
temperature-sensitive mutant of BHK cells. 


CONSERVATION of methylated sequences of mammalian 
ribosomal precursor RNA (pre-rRNA) into mature cyto- 
plasmic ribosomes suggests an. essential structural or 
regulatory function for these modified bases'*, although 
the role of post-transcriptional methylation is not clear At 
the non-permissive, temperature (39°C), «ts 422E, a 
temperature-sensitive. mutant of BHK 21/13 cells**, 1s 
deficient in 28S rRNA maturation and assembly of 60S 
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ribosomal subunits, although transcription of 45S pre-rrRNA 
and cytoplasmic appearance of 18S rRNA and 40S subunits 
remains unimpaired’. To examine the relationship between 
RNA methylation and the processing of ribosomes, we 
have studied this mutant- and find it contains methyl- 
deficient pre-rRNA. Our results show an expanded pool of 
nuclear 45S pre-rRNA molecules in the mutant at 39 °C, 
suggesting an inhibition of its processing to 32S RNA. In 
addition, 45S and 32S precursor molecules in ts 422E are 
substantially undermethylated relative to the pre-rRNAs of 
wild-type BHK cells at 39 °C but identical at the permis- 
sive temperature (33 °C). The residual amount of mature 
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Fig. 1 Accumulation of nuclear (a) and cytoplasmic (6) rrbosomal 
RNA in ts 442E and BHK cells. Monolayer cultures of wild-type 
BHK (left panels) and ts 422E cells (right panels) were shifted 
from 33 to 39 °C, and after 12 h were labelled with 25 pCi ml 
5,6-3H-urtdine (37.6 Cı mmol-) in Dulbecco-Vogt Modified 
Eagle’s Medium (DME) supplemented with 3 uM uridine plus 
10% calf serum. Collected cells were lysed in 2% citric acid, 
0.5% Triton X-100 (Rohm and Haas, Philadelphia) and nuclei 
were deposited and washed twice with the same buffer by 
centrifugation at 800g for 2 min Nuclear pellets suspended in 
10 mM Tris-HCl (pH 9.0), 0.2 M NaCl, 10 mM EDTA, 0.5% 
SDS (NETS buffer) were extruded through a 22 gauge needle to 
shear DNA then alternately extracted at room temperature with 
phenol: chloroform. isoamyt alcohol (50:50:1) and chloro- 
form * isoamylalcohol (24:1) until the interfacial layer was clear 
of denatured prote:n'® Post-mitochondrial supernatants pre- 
pared from cells lysed as described previously” by centrifuga- 
tion'at 10,000 r.p.m. for 10 min in the Sorvall SS-34 rotor, were 
adjusted ‘to 70 mM MgCl, for 45 min at 0°C to precipitate 
cytoplasmic ribonucleoproteins (RNP)®°. Ribosomes pelleted by 
centrifugation at 10,000 rpm for 10 min were dissolved in 
NETS buffer, deproteinised, and RNA was precipitated with 
2 vol. 95% ethanol. Nuclear RNA samples‘dissolved in 200 pl 
NETS buffer were centrifuged in 4 ml linear 15-30% sucrose 
density gradients in NETS buffer at 23°C for 90 min at 
56,000 r p.m. in a Beckman SW56 rotor. Cytoplasmic RNA 
dissolved in | ml NETS buffer were centrifuged in'36 ml SDS- 
containing 15-30% sucrose density gradients at 23 °C for 17 h 
at 23,000 r.p.m in a Beckman SW27 rotor. Radioactivity in 
458, 328, 28S, 18S RNA were expressed as a percentage of the 
total acid-insoluble radioactivity in the gradient, including the 
pellets. In these analyses, 325 and 36S pre-rRNAs_ were 
combined since the distribution of these RNA molecules can 
vary in ts 422E cells". 
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.28S rRNA that appears in ts 422E cytoplasm at 39 °C is 
markedly methyl deficient. 

In a precursor—product relationship, a reduced rate of 
conversion of intermediate species results in an increased 
proportion of precursor. If both wild-type and mutant cells 
are grown at 39 °C, inhibition of 45S processing in ts 422E 
should result in apparent nuclear accumulation of precursor 
molecules in the temperature-sensitive variants. This pre- 
diction was tested in the experiment shown in Fig. 1 where 
both cell types were labelled with *“H-uridine at the non- 
permissive temperature and the kinetics of accumulation of 
nuclear pre-r-RNA and cytoplasmic rRNA were followed. 

The cells were labelled in growth medium supplemented 
with unlabelled uridine to ensure that the specific activity 
of the UTP pool would be constant throughout the period of 
incorporation (unpublished data). In BHK cells, 45S and 32S 
pre-rRNAs and 28S and 18S rRNAs exhibited accumula- 
tion patterns consistent with their known precursor—product 
relationship’* (Fig. 1). Accumulation of 45S pre-rRNA in 
the mutant was, however, aberrant. During the first 30 min 
of labelling, the content of nuclear 45S RNA in ts 422E 
was 30-35% of the total labelled RNA compared with a 
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Fig. 2 Separation of mononucleotides and dinucleotides by 
DEAE-Sephadex chromatography. BHK cells were labelled 
for 3.5 h with (a) 20 pCi ml— L-methyl-?H-methionine (6.3 Ci 
mmol-) and (b) 01 pCi mi~ “C-uridine (57 mC: mmol™) in 
DME containing 20 uM methionine, 4 pM uridine, 20 mM 
sodium formate, and 20 uM guanosine to suppress non-methyl 
purine ring labelling!* beginning 16 h after shift up to 39 °C. 
Ribosomal RNA prepared from MgCl,-precipitated cytoplasmic 
RNP was sedimented at 23°C in a 36 ml SDS-containing 
15-30% sucrose gradient for 17 h at 23,000 r.p.m in an SW27 
rotor. 188 rRNA was precipitated from the gradient with 
2 vol 95% ethanol, dissolved in 2 ml 0.3N KOH, and 
hydrolysed for 18 h at 37°C. The alkaline hydrolysate was 
neutralised with ice-cold 0.3 N perchloric acid, chilled at 0 °C 
for 10 min, and centrifuged at 5,000 r.p.m. for 5 min to remove 
precipitated potassium perchlorate. The neutralised sample was 
applied to a column of DEAE-Sephadex (19 x 1.2 cm; A-25, 
Pharmacia Fine Chemicals, Piscataway, New Jersey), washed 
into the column with 25 ml 20 mM Tris-HCl (pH 7.4), 7 M urea, 
0.1 M NaCl, and eluted with a linear 100 ml gradient of 0.1-0.4 M 
NaCl in 20 mM Tris-HCl (pH 7.4), and 7 M urea!-2?, After 
completion of the gradient, the column was washed with 40 ml 
0.4 M NaCl, 20 mM Tris-HCl (pH 7.4), and 7 M urea. Fractions 
were assayed for radioactivity by counting in a gel of 2.0 ml 
H,O plus 10 ml scintillation fluid contarning 2 parts xylene, 
1 part Triton X-100 and 8 g Omnifluor (New England Nuclear, 
Boston, Massachusetts) per litre. 
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maximum of only 15-20% in BHK cells in similar condi- 
tions (Fig. 1). As stable nuclear and nucleolar RNAs 
accumulated, the fraction of radioactivity in 45S pre-rRNA 
decreased until by 2-3 h the relative amount of pre-rRNA 
was the same in the mutant and wild-type cells. The kinetics 
of mature cytoplasmic 18S and 28S rRNA accumulation in 
the mutant showed, as before’, a marked inhibition of new 
28S rRNA appearance at 39°C. The early increase in 
nuclear 45S pre-rRNA content in the mutant indicated an 
expansion of the nucleolar pool of 45S pre-rRNA, suggest- 
ing that the transcript was deficient in some essential aspect. 

Because methylation of 45S pre-rRNA is an apparent 
requirement for completion of ribosome maturation’’’, we 
compared the extent of 45S methylation in the wild-type 
and mutant cells. Ninety-five per cent of methylations found 
in HeLa cell 45S pre-rRNA are modifications of the 2’-OH 
ribose moiety of the nucleoside’. Since this modification 
protects the phosphodiester linkage between the 3’-hydroxyl 
of that nucleotide and the 5’-hydroxy! of the neighbouring 
nucleotide from alkaline hydrolysis, separation of mono- 
nucleotides from dinucleotides on anion exchange columns” 
after alkaline hydrolysis provides an estimate of rRNA 
methylation (Fig. 2). As shown in Fig. 2, approximately 
96% of the uridine incorporated into 18S rRNA is found in 
the mononucleotide fraction, but methyl label is preferen- 
tially incorporated into the dinucleotides. This pattern 
demonstrates the general labelling characteristics of *H- 
uridine and the relative specificity of methyl-"H-methionine 
for incorporation into 2’-hydroxyl ribose residues. 

The relative methylation of pre-rRNA in BHK and ts 
422E cell lines was examined initially by pulse Jabelling at 
39 °C with methyl-*"H-methionine and **C-uridine (Table 1). 
The ratio of *H-methyl/“C-uridine radioactivity was used 
as an index of the extent of methylation. By this criterion, 
45S pre-rRNA from the mutant is approximately 50% 
undermethylated, and the 32S RNA has only a third of 
the methyl content of wild-type 32S RNA at the non- 
permissive temperature. Since 28S rRNA in mammalian 
cells is derived from the 32S molecule”, undermethylation 
of' 28S sequences would result in 32S RNA exhibiting a 
lower degree of methylation than complpte 45S molecules 
which also contain properly methylated 18S RNA sequences 
(Table 1). 

The apparent undermethylation observed in ts 422E at 
39°C could also be explained by decreased uptake of 
methionine relative to uridine. Therefore, we estimated 
ribose methylation of precursor and mature ribosomal RNA 
in BHK and ts 422E cells by measuring radioactivity in 
alkali-resistant dinucleotides of uridine-labelled cells. 
Although this approach measured only 2’-O-methylribose in 
or adjacent to uridine and/or cytidine, difficulties resulting 
from possible pool and transport differences were elimin- 
ated. The extent of undermethylation would seem less by 





Table 1 Relative extents of methylation at 39 °C in BHK and ts 422E 


pre-rRNA 
Radioactivity (c.p.m ) 
RNA “H-methyl “4C-uridine 3H-methyl/ 
“C-uridine 
BHK 45S 2,230 8,034 0.28 
422E 45S 3,407 21,689 0.16 
BHK 32S 5,115 28,611 3 0.18 
422E 32S. 5,717 98,716 . 0.06 





BHK and ts 422E cells were labelled 45 min with 25 pCi ml- 
L-ňethyl-+H-methionine and 0.1 uC: ml~ 14C-uridine as in Fig. 2, 
beginning 18 h after shifting to 39 °C. Nucleoli prepared as described 
by Penman?2* were deproteinised (Fig. 1) and nucleolar RNA was 
centrifuged in 36 ml Imear 15-30% sucrose density gradients in 
NETS at 20,000 r.p.m. for 16 h at 23 °C in an SW27 rotor. Aliquots 
(50 pl) of gradient fractions were assayed for acid-insoluble radio- 
activity. Nominal 45S RNA and 32S RNA peak fractions were 
precipitated with ethanol, and chromatographed on DEAE-Sephadex 
after alkaline hydrolysis as in Fig. 2. Values represent total combined 
radioactivity in the mononucleotide and dinucleotide peaks. e 
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Table 2 Estimation of 2'-O-methyl ribose in uridine-labelled ribosomal pie-rRNA 


a a ere 
a ee A 





Radioactivity ' 
Mononucleotides (—2) Dinucleotides (—3) Total radioactivity in 
(c._p.m. x 10-4) (c.p.m. x 107%) dinucleotides (%) 
‘ 33°C 39°C 33 °C 39°C 33 °C « 39°C 
Experiment 1 a ` 
BHK 45S ` - 60.0 _— 8.3 - 1.36 
422E 45S - 53.3 -- 4.8 - . 0.89 
Experiment 2 ` 
BHK 45S + 32S 75.6 105.1 18.1. © 24.7 2.33 2.34 
422E 45S + 32S 252.8 57.9 56.9. 11.9 2.20 1.75 
BHK. 28S 82.1 70.7 23.1 19.5 2.73 2.69 
422E 28S 112.0 7.7 31.3 1.0 2.55 1,32 ° 
BHK 18S 67.6 25.5 25.3 11.9 3.60 4.47 
422E 18S 115.1 38.2 57.0 17.1 4.70 , 4.30 


OOOO eee" 


In experiment 1, BHK and ts 422E cells were pulse labelled in DME with 100 uCi ml! *H-uridine beginning 22 h after shift-up to 39 °C. 
458 pre-rRNA prepared by sucrose density gradient sedimentation of nucleolar RNA was hydrolysed with 0.3 N KOH at 37 °C and chromato- 
graphed on DEAE-Sephadex (Table 1). In experiment 2, wild-type and mutant cells were labelled 3.5 h with 5 wCi ml? 4C-uridine at 33 °C. 
45S and 32S nucleolar RNA was prepared and analysed as described above. MgCl,-precipitated cytoplasmic RNP was deproteinised and 
RNA was sedimented in sucrose density gradients as in Fig. 1, and the major fractions under the separated 28S and 18S rRNA peaks were 
pooled and precipitated with 2 vol 95% ethanol. Contaminating poly(A)-contaimmg mRNA was removed by oligo(dT)-cellulose chromato- 
graphy*®. Purified rRNAs hydrolysed with KOH were chromatographed on DEAE-Sephadex. Details of experiment 3 are the same as for 
experiment 2, except that wild-type and mutant cells were labelled beginning 19 hafter shift-up to 39 °C. Three replicate samples of uridine- 
labelled HeLa cell rRNA were hydrolysed and chromatographed on DEAE-Sephadex to test the reproducibility of the technique. For these 
replicates the mean fraction of H-uridine ın the dinucleotide region was 2.83 % with a standard deviation of 0.096 or 3.4% of the mean value. 


this assay, because these experiments only scored for 
uridine label in dinucleotides against mononucleotides, 
The results of DEAE-Sephadex chromatography of 


alkali-hydrolysed RNA ‘from cells labelled for 30min or l 


3.5h with uridine (Table 2) confirmed the previously 
observed undermethylation of ts 422E nucleolar and 28S 
cytoplasmic rRNA. With the exception of 18S rRNA which 
yielded less reproducible values than other species of RNA, 
the differences between mutant and wild-type cells seen at 
the permissive temperature can be attributed to variation 
in the method (see legend to Table 2), but the differences 
observed at 39 °C must reflect the conditional lethal pheno- 
type. The similarity of RNA methylation in the wild-type 
cells at 33 and 39 °C is a further indication of the accuracy 
of this analysis (Table 2). 

Methylation of rRNA is of two types: 2’-O-ribose modi- 
fication and methylation of specific sites in the purine and 
pyrimidine rings. In HeLa cells, 80-90% of methyl deriva- 
tives in rRNA are. modifications of the 2-OH-ribose 
moiety", The experiments presented above clearly show 
deficient methylation of 2’-O-ribose moieties in 28S rRNA 
and its precursors in ts 422E cells grown and labelled at 
39 °C. Since phosphodiester bonds adjacent to base methyl 
derivatives may also be resistant to alkaline hydrolysis”, 
however, the observed differences may not be due 
exclusively to alterations in 2’-O-methylation. 

Physical studies have shown that methylation of ribose 
residues can alter the conformation of single-stranded RNA 
molecules? Although the details of eukaryotic ribosome 
maturation are not known, it is likely that processing of 
28S rRNA requires the sequential association of specific 
proteins and 32S RNA to. give rise to the nucleolar 55S 
pre-ribosomal particles. Inadequate methylation of the 28S 
segment could alter the conformation of the ribosomal 
precursors, preventing the normal association of processing 
enzymes and thus inhibiting the appearance of 28S RNA in 
the cytoplasm. Assuming 18S RNA sequences at the 5’ 
end of the transcript” are properly methylated, and that 
methylation and transcription are closely coupled, it is pos- 
sible that the distal portions of the transcript containing 
28S sequences are inhibited from being adequately modified. 
Alternatively, a precursor-associated protein may be the 
primary target of the temperature-sensitive lesion, placing 
the transcript in a conformation within the precursor 
particle that is unfavourable for completion of adequate 
methylation. . 

After submission of this paper, Toniolo and Basilico 

e 


reported increased accumulation of nucleolar pre-rRNA 
in ts 422E at 39 °C compared with wild-type cells, but these 
authors did not detect differences in extent of pre-tRNA 
methylation”. Our assay for rRNA methylation may have 
been more specific, however, since we labelled with 
methionine in conditions which suppressed non-methyl 


_ purine ring labelling (see legend to Fig. 2). 
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Restriction of template capacity < ll 
of rat liver chromatin by a . ; ‘407 
non-histone peptide from calf thymus 


WE have reported' the isolation of a thymic peptide which 
strongly inhibits DNA-directed RNA polymerase in vitro. 
We have shown that transcription is controlled at the level 
of initiation. The active factor was isolated from aqueous 
ultrafiltered thymus extracts, purified by chromatography, 
first on DEAE-cellulose and then on Dowex 50 WX2, and 
characterised as a peptide.of low molecular weight (<5,000). 
Its biological activity cannot be attributed to the presence : al 


3H (c.p m. x 1077) 
ae 
Qo 
=. 


of a nuclease or of a histone fragment. The inhibition of ~ 
RNA synthesis is due to an’ ionic’ interaction between the v 











peptide and DNA: The physicochémical and thermodynamic ` E, T P 

properties of this interaction are described ‘elsewhere’. We" l A f r ai S ieee N 

report here the effect(s) of the thymic peptide on transcrip- : K 

tion of rat liver chromatin With some obvious limitations’, ey oe ps Time (min) . 

the in vitro chromatin transcription system is closer to the - ‘Fig. 1 Time ‘course of RNA synthesis directed by rat liver 

in vivo state than the purified DNA. Our experiments were chromatin: incorporation of “H-CMP. 075 ml of the complete 
db : It hich d t t 4 that incubation mixture’ for RNA: synthesis contained: 30 pmol 

prompte „by our previous results, -w ic remonstrate a -Tris buffer (pH 7.5), 3 pmol MgCl3,0.75 pmol MnCl, 9 pmol 

the thymic’ extract modifies the physicochemical state of f-mercaptoethanol, 0.3 pmol each of ATP, GTP, CTP and 

DNA and the interactions between DNA and nuclear UTP, 2nmol °H-CTP (22 Ci,nmol-1, Radiochemical, Centre, 


‘ Amersham), 4U RNA polymerase from Æ. coli and 10 ug 


eae $ iS 
proteins in the liver of old rats”. á chromatin DNA. 0.1 or 0.2 ml of the purified thymic’ fraction 


The purified thymic fraction, designated fraction lo (see - corresponding respectively to 4 pg and 8 pg protein was added 
legend to Fig. 1), strongly inhibited chromatin transcription to the incubation mixture; in the controls the extract was 
by Escherichia coli RNA polymerase (Fig 1). This effect -replaced by 0.1-0.2 ml saline. Incubation for RNA synthesis 


was carried out in 10;ml Erlenmeyer flasks at 37 °C, 75 shakes 


was proportional to the concentration of factor up to 70% per min. Determinations of the radioactivity incorporated into 
inhibition. Contrary to our.data on inhibition of DNA ’ the acid-insoluble fraction of RNA, the preparation .of the 
transcription’, even when: doses of the factor larger. than thymus extracts and the purification of: the active factor, de- 
shown in Fig. 1 were added, chromatin transcription was signated fraction lẹ were carried out as before’. Fraction 1e 
never completely stopped, indicating that the thyme factor SOE ot, PERS Gow a i a 
affected only part of the RNA synthetic pathways. Since the As.far as the affinity binding between DNA and thymus factor is 
thymic factor acts on initiation of transcription rather than concerned, evidence’ presented elsewhere? indicates that when 
on elongation’, it is possible that the peptide cannot inhibit DNA at 1 mg ml— is incubated with a fraction 1 , (100 pg ml~*), 
chromatin transcription by endogenous RNA polymerases SU, 20 uE PIG mats Te me ator 
which are probably linked to the chromatin itself. We Total chromatin was extracted from livers of 12-month-old 
therefore tested for chromatin-directed RNA synthesis , Sprague-Dawley rats according to the modified method of 
in vitro without added E.' coli polymerase, in both the Bostock and Prescott*?: nucle: were not brokeff by sonication but 
presence and absence of the thymic extract. Figure 2a by homogenisapon ae m Potter Wesel Bhs ae 

$ reezing, an awing. e modine ostoc an rescott $ 
shows that, in the absence of exogenous RNA polymerase, method to obtain the chromatin in the most native state possible. 
chromatin transcription constituted only 10-15% of total The RNA polymerase from E col: was purified as described 
transcription observed in the presence. of exogenous RNA , before. The data in the experiments described are the average 
polymerase from E. coli In these conditions the thymic of experiments made,in duplicate, the values of which have 


never shown variations above 10%: @, Control; A, fraction 
16:5 wg protem per ml (final concentration); $; 10 pg protein 
: per ml (final concentration). 


factor was ineffective. These data, support the hypothesis 
that the thymic factor exerts its activity on initiation. 


— = 4 ‘ ` 


Table 1 Template capacity of calf thymus DNA and of rat liver heteróchromatin and euchromatin 











3 


Reaction mixture f 7 k 3H-CMP incorporation % Inhibition 
i = (c.p.m. mean + s.e.m.) 
of Control ~- Thymus factor 
‘ ar added : 
Calf thymus DNA + E. coli RNA polymerase F :ı 22,015+810 . : 1,601 +245 93. 
Calf thymus DNA R + calf thymus RNA polymerase 3 20,242 -+640 1,721315 . 9l 
Rat liver heterochromatin -+ E. coli RNA polymerase 2,5704180 ` 960 +105 63 
Rat liver euchromatin _ + E. coli RNA polymerase “ 4015+215 1,120148 72 
Rat liver heterochromatin + calf thymus RNA polymerase 1,1374110 = 653 +80. 42 
Rat liver euchromatin + calf thymus RNA polymerase - 1,701 +98, |. 855+60 49 
Rat liver heterochromatin + rat liver RNA polymerase - 1,580+124 , 6154132 RO 61 
Rat liver euchromatin + rat liver RNA polymerase 2,424+170 715+97 | f 70 


lA 


Incorporation of °H-CMP by means of RNA polymerase, from E. coli, calf thymus or rat liver, in both the presence and absence of the 
thymic factor (final concentration 10 ug protein per ml), after 30 min of incubation. The preparation of thymus extract, the incubation mixture 
and other conditions for RNA synthesis were as in the legend to Fig. 1. RNA polymerase from E. coli was purified as described ‘by Hurwitz? 
and the RNA- polymerases II from calf thymus and rat liver as described by Stein and Hausen. The extraction of the chromatin from rat liver 
and the fractionation of the total chromatin in heterochromatin and euchromatin were carried out according to the modified method (see 
legend to Fig. 1) of Bostock and Prescott? In some experiments the fractionation of the total chromatin in heterochromatin and euchromatin 
was carried out by means of gel filtration on BioGel A-50(BioRad)as described by Janowski et al.1°. The determinations of the buoyant density 
and of the DNA, RNA and protein contents of hetero-:and euchromatin were effected by means of the determination of the refraction index’® 
and of diphenylamine, orcinol and Lowry reactions respectively: wt meen - 

Buoyant density i DN. RNA Protein 
Heterochromatin 1.711 p PR ts 0.160 2.071 
Euchromatin 1.699- 1 ` i 0.175 “1.714 


Nature Vol. 262 August 12 1976 


To confirm this hypothesis, chromatin was preincubated 
for 1 min in the presence of E. coli RNA polymerase and 
UTP, GTP and ATP nucleotides. At time zero the reaction 
mixture was made 0.4 M in ammonium sulphate, the thymic 
fraction or saline was added and the propagation reaction 
was started by adding CTP and *H-CTP. During pre- 
incubation polymerase binds to chromatin and initiates 
transcription, but propagation is blocked by the absence of 
CTP: when CTP is added propagation proceeds, but the 
presence of high concentrations of ammonium sulphate 
precludes further initiation or reinitiation®’. Figure 2b 
shows that in these conditions the thymic factor did not 
affect RNA synthesis and therefore inhibited the initiation 
reaction of transcription. Later we investigated the action 
of the thymic factor on transcription in different states of 
chromatin condensation: that is heterochromatin and 
euchromatin, the characteristics of which are given in the 
legend to Table 1. The transcription of heterochromatin and 
euchromatin, in both the absence and presence of thymic 
factor, was tested by adding various RNA polymerases : 
different specificities of chromatin transcription by RNA 
polymerase from prokaryotic or eukaryotic cells have been 
reported*’. RNA polymerases from E. coli and RNA 
polymerases II from rat liver and calf thymus were used. 
Table 1 shows that the thymic peptide inhibited transcrip- 
tion of heterochromatin and euchromatin by polymerases 
from both prokaryotic and eukaryotic cells, regardless of 
the organ of origin of eukaryotic polymerases. 

The data presented here provide evidence for our 
hypothesis that the thymic peptide is responsible for regula- 
tion at the level of transcription. The addition of the factor 
restricts the distribution of available sites for the initiation 
of transcription on the chromatin. These observations 


Fig. 2 Time course of RNA synthesis directed by rat liver 
chromatin: incorporation of “H-CMP. a, In the absence of exo- 
genous ŒE. coli RNA polymerase in the incubation mixture. 
Other ingredients for RNA synthesis were as given in the legend 
to Fig. 1. @, Control; $, thymic fraction | , (final concentration 
10 ug protein per ml). b, The chromatin was preincubated for 
1 min in the presence of E. coli RNA polymerase and ATP, 
GTP and UTP. At time zero the reaction mixture was made 
0.4M in ammonium sulphate, thymic factor or saline was 
added and the propagation reaction was started by adding CTP 
and *H-CTP. Incubation mixture and other conditions for 
RNA synthesis were as given in the legend to Fig. 1. @, Control; 
W, fraction 1, (final concentration 10 ug protein per ml). 
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Suggest that the factor regulates transcriptional capacity, 
which may be related to cell differentiation. This is sup- 
ported by our finding that the thymic factor was not 
extracted from differentiated tissues such as kidney, whereas 
it was particularly abundant in bull spermatozoa (un- 
published results). The inhibition of chromatin transcription 
by this factor extracted from spermatozoa may explain our 
previous data’ showing that extracts of spermatozoa inhibit 
differentiation of seminiferous tubule cells of testicles from 
young rabbits. 

The data presented here are in good agreement with the 
demonstration" that chromatin from several mammalian 
species contains nor-histone protein fractions including 
specific negative regulatory factors ionically linked to DNA. 
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Independence of plasmid 
incompatibility and replication control 
functions in Staphylococcus aureus 


THERE are two basic requirements for the stable main- 
tenance of an autonomous plasmid replicon, namely 
replication at a constant rate with respect to the cell 
division cycle and distribution of replicas to daughter cells. 

The precise nature of the genetic functions involved in 
satisfying these two requirements has yet to be ascertained; 
but it is probable that in general, both plasmid-linked and 
host chromosome-linked genetic determinants are involved. 
Of the former there are two well defined functional classes: 
(1) genes involved directly in replication'~* and its control, 
including the origin, and (2) genes involved in the deter- 
mination of plasmid incompatibility specificity". No genes 
known to affect distribution of plasmid replicas have been 
identified. 

Incompatibility, the inability of closely related plasmids 
to be stably co-maintained’, has been found for the peni- 
cillinase plasmids of S. aureus to be determined by a genetic 
locus, inc, that has not been separable by recombination 
from repA, a gene encoding a diffusible product required 
for autonomous replication'‘. Together, these two genetic 
functions plus the origin define a local region of the plasmid 
that is both necessary and sufficient for autonomy, the 
mcr region’. Similar localisation of autonomy functions has 
been observed for plasmids of enteric organisms’. 

Because the replication of a plasmid entering a cell carry- 
ing another with which it is incompatible is temporarily or, 
possibly in some cases permanently, inhibited*-", it has been 
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assumed that the incompatibility determinant is involved 
in replication control, for example, it may encode a specific 
repressor of replication”, 

In this report we present evidence suggesting that in the 
S. aureus system, the plasmid inc and repA determinants 
are genetically as well as functionally distinct and that the 
inc locus is not involved in replication or its control but 
instead may be involved in the distribution of replicas. 

Two different chromosomally integrated derivatives of an 
incompatibility type 1 (Incl) S. aureus penicillinase plasmid, 
pl258, were studied. One of these, pRN3150, is incom- 
patibility-defective, yet expresses the repA function’: the 
other, pRN3091, is repA~ (thermosensitive for replication) 
yet expresses incompatibility at the restrictive as well as at 
the permissive temperature. Strains carrying the repA* inc” 
pRN3150 were able to maintain stably and complement for 
replication seven different superinfecting repA~ Incl plas- 
mids'. But a recombinant derivative, pRN3151, in which 
the repA36 allele had been substituted for the repA*, was 
unable to complement for replication any of the seven rep 
mutants (unpublished data); thus, there is evidence for only 
one plasmid-linked rep cistron. 

The converse test, namely whether a repA~ mutant can 


Nature Vol. 262 August 12 197 


Erythromycin 


Fig. 1 Incompatibility between 
integrated and autonomous plas- 
mids. Cultures of RN2428 (upper 
part of photograph) and RN2429 
were diluted and plated on non- 
selective medium and incubated 
at 43°C. The resulting colonies 
were replica-plated to three 
different selective media: GL- 
cadmium agar (selective for the 
integrated plasmid, pRN3091); 
GL-arsenate; and GlL-erythro- 
mycin (selective for the auto- 
nomous plasmid, pRN3025 and 
PRN4031). The replicas were 
photographed after 18 h of 
incubation at 32 °C. 


express incompatibility or not was also performed with an 
integrated plasmid (in this case the Rep(Ts) pRN3091") 
since there is no simple way to test an autonomous Rep 
(Ts) plasmid for the expression of incompatibility at the 
restrictive temperature. Transductional superinfection of 
strain RN1979 (carrying the integrated pRN3091) with 
plasmids pRN3025 (Incl) and pRN4031 (Inc2) was accom- 
plished by selection for erythromycin resistance", Eight 
transductants from each cross were examined and the fol- 
lowing results were obtained: as expected, the Inc2 plasmid, 
PRN4031, was always maintained stably without selection. 
The Incl plasmid, pRN3025, could also be maintained but 
only by continued selection for erythromycin or arsenate 
resistance. Organisms grown on arsenate-containing 
medium, selective for the donor plasmide were diluted and 
plated on non-selective medium (GL agar’) and allowed to 
form colonies at 32°C and at 43 °C (the restrictive tem- 
perature for the Rep(Ts) mutation). These were then repli- 
cated separately to plates containing cadmium, arsenate, or 
erythromycin. As shown in Fig. 1, colonies of RN2428 
(RN1979 superinfected with the inc/ plasmid, pRN3025) 
lost arsenate and erythromycin resistance during growth at 
43°C on non-selective medium, whereas colonies of 


amma 


Table 1 Staphylococcal strains and plasmids* 








a Plasmids 

Plasmid number Genotype Derivation 

pI258 bla* asa* asi* ermB* inc1* mer* rep* cadA* bis* leat Naturally-occurring 

piti47 bla* asa* inc2* rep* mer* cadB* bis* lea* cadAt Naturally-occurring 

pRN3025 pI258 bla-40] cadAS2 ermB* Mutation of pI258 

PRN3032 pl258 bla-401 cadAS2 mer-14 repA36 Mutation of pI258 

PRN3091 pl258 blal443 asa-33 ermB20 repA18 Mutation of pI258 

PRN3ISO pl258 blal443 asa-33 ermB18 incl~ repA* Integration of pI258 mutant 

pRN3151 pl258 blal443 asa-33 ermB18 incl~ repA36 Recombinant pRN3150 pRN3032 

pRN4031 pIL147[ine2* cadB* bis* lea* ]:p1258[bla-40] asa* asi* ermB* \mer* cadA11 Recombinant pII147 x pI258 
b Strainst 

Strain number Plasmids contained Reference 

RN325 pRN4031 

RNS57 PRN3025 

RN1500 42[pRN3150] ref. 1 

RN1974 Q42[pRN3151]} This report 

RN1979 Q50[pRN3091 ] ref. 13 

RN2428 Q50[pRN3091};pRN3025 This report 

RN2429 QS0[pRN3091];pRN4031 This report 


* Gene abbreviations and other nomenclature are as recommended by Novick et al.’. 


t The host bacterium is strain 8325-4, except for RN1974 in which the host is strain 147 (ref. 14). 
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RN2429 did not. Similar results were obtained for colonies 
of these two strains grown at 32 °C. These results are inter- 
preted as the expression of incompatibility by the inter- 
grated repA~ plasmid at both permissive and restrictive 


temperatures, demonstrating the independence of the inc’ 


and repA determinants. 

To verify the inference that loss of arsenate and erythro- 
mycin resistance is an indication of loss of the entire 
plasmid, thirty colonies of strain RN2428 that had been 
grown on non-selective medium were scored by disk sensi- 
tivity tests and by the PNCB stain for penicillinase activity’. 
There were scorable allelic differences at four plasmid loci 
—bla, asa, cad, and erm; on subculture, twenty-eight of 
the colonies showed the same resistance pattern as the 
resident plasmid and a penicillinase stain pattern indicative 
of homozygosity for the integrated bla locus. Two colonies 
showed stable patterns suggestive of recombination between 
the integrated and autonomous plasmids. 

Although it seemed likely on the basis of the foregoing 
results that the superinfecting penicillinase plasmid could 
replicate in the autonomous state, it seemed important to 
attempt to demonstrate this replication directly and to 
assess it quantitatively. Accordingly, a dye-buoyant density 
gradient analysis of plasmid replication was done’, and the 
results shown in Fig. 2 were obtained. Incorporation of 
thymidine into circular duplex plasmid DNA by the in- 
compatible heterozygote, RN2428 (Fig. 2a) was nearly as 
extensive as that by the compatible heterozygote RN2429 
(Fig. 2b), by comparison with strains carrying the auto- 
nomous plasmid alone in each case. As this result could 
have been due to the presence of unsuspected recombinants, 
the cultures were tested at the end of the labelling period 
for the proportion of organisms that would still lose the 
superinfecting plasmid during incubation on non-selective 
media. Accordingly, a replica-plating test similar to that 
shown in Fig. 1 was performed and showed that approxi- 
mately 80% of the oragnisms in the RN2428 culture were 
still arsenate-resistant and that at least 95% of these lost 
resistance on incubation on non-selective medium. On the 
other hand, 95% of the organisms in the RN2429 culture 
were arsenate-resistant and of these, less than 1% lost 
arsenate resistafce during incubation on non-selective 
medium. 

It is possible that the somewhat reduced incorporation 
into plasmid DNA in strain RN2428 (see Fig. 2a) was due 
to a reduction in the number of autonomous copies of the 


Fig. 2 Replication of incompatible 
plasmids. a. A cleared lysate’ of 
a *H-labelled RN2428 culture 
mixed with a “C-labelled RN557 
culture was centrifuged to equlii- 
brium in an ethidium bromide- 
caesium chloride gradient which 
was fractionated and counted by 
standard procedures. Counts were 
mormalised to total incorpora- 
tio into the respective cultures. 
b. Dye-buoyant density gradient 
pattern for lysate of a mixture 
of a *H-labelled RN2429 cultures 
and “C-labelled RN325. For 
both, dashed curve, “C; solid 
curve, *H. Density increases from 
right to left. 
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plasmid, normally 8 to 12 per cell”, in that strain. Experi- 
ments are in progress to test this possibility. 

We conclude from these experiments that the known 
plasmid loci affecting incompatibility and replication seem 
to be genetically separate and functionally distinct in S. 
aureus and that in this system, the expression of incom- 
patibility does not involve inhibition of replication. 

Consistent with this conclusion is the fact that it is 
generally possible, both in S. aureus and in E. coli, to 
construct strains carrying pairs of incompatible autonomous 
plasmids. In such heterozygotes, which can be maintained 
only by double selection, the two incompatible plasmids 
replicate side-by-side, and segregate at a measurable, con- 
stant rate on nonselective media’’'*’. We should like to 
propose, therefore, a model in which incompatibility be- 
tween autonomous plasmids is an automatic consequence 
of the partition process. This model would apply to plas- 
mids with random partition as well as to those with 
equipartition. Our primary formulation is, however, for the 
latter since equipartition is evidently a property of staphy- 
lococcal plasmids’. 

(1) Copies of a given plasmid are partitioned at cell 
division by transient attachment to a “partition structure” 
(the membrane?—compare Jacob er al.’). 

(2) The partition and replication control mechanisms 
are incompatibility-type specific; that is, they cannot dis- 
tinguish among plasmids belonging to the same incom- 
patibility set (but they can distinguish among members of 
different sets). 

(3) Plasmids belonging to the same incompatibility set 
are randomised between cell divisions so that there is a 
high probability that gross disproportion will develop among 
them during cell division. 

(4) Any disproportion generated during division is likely 
to be maintained by replication during the next interdivision 
period; such disproportions will then be amplified during 
subsequent divisions until subclones containing only one of 
the pair are generated. 

Note that the behaviour of homogenic incompatible plas- 
mids illuminates a feature of equipartition that would 
otherwise remain obscure, namely randomisation of the 
plasmid copy pool. The crux of the model is that dis- 
proportions generated by this randomisation cannot be cor- 
rected because their existence cannot be recognised. The 
model makes a number of predictions that are readily 
testable: (1) the segregation behaviour of homogenic 
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incompatible plasmid heterozygotes is solely a function of 
copy numbers and can be predicted by simple combinatorial 
analysis; (2) the incompatibility locus is a recognition site 
for partition and so does not encode a protein—thus it may 
be regarded as a prokaryotic centromere analogue; (3) a 
(membrane) protein exists that recognises and binds to this 
site—such a protein could either be plasmid- or host-coded; 
(4) the incompatibility locus is not essential for autonomous 
replication: (5) plasmids with absent or defective inc loci 
will be partitioned randomly in the absence of other 
plasmids; (6) paradoxically, Inc” plasmids will not be com- 
patible with Inc’ plasmids of the same original class. 

It should be pointed out that this model as stated deals 
with the hereditary consequences of only one of several 
possible combinations of replication and partition speci- 
ficities. For example, it is implict in prediction 6 (above) 
that equipartition is not a prerequisite for incompatibility; 
so long as the replication system cannot distinguish between 
plasmids, the inevitable disproportions arising during cell 
division will not be correctable and the result will be segre- 
gation. In such cases, the incompatibility locus will not be 
a centromere analogue but rather will correspond to the 
determinant(s) of replicon recognition specificity. 

It should also be mentioned that there are two known 
situations in which the presence of one plasmid evidently 
inhibits the replication of another with which it is incom- 
patible. These two situations are (1) delayed replication of an 
entering plasmid®™™ and (2) inhibition by a cointegrate re- 
plicon of the replication of an autonomous plasmid incom- 
patible with the subsidiary component of the cointegrate. 
Two examples of the latter are, Hfr strains superinfected by 
F plasmids’ and a colEl-pSC101 cointegrate superinfected 
by pSC101”). All of these situations may be manifestations 
of a copy number control mechanism. In case (1) above, the 
resident plasmid is present at its full complement of 
copies and so an entering one is disadvantaged for that 
reason. Eventually, however, the entering plasmid is able to 
establish and replicate. In case (2) involving cointegrates, if 
the number of copies of the subsidiary replicon (for 
example, integrated F or pSC101) is maintained auto- 
matically at a level equal to or greater than its normal 
autonomous multiplicity, one would expect replication of 
autonomous copies of the corresponding plasmid to be inhi- 
bited and the establishment of that plasmid to be prevented. 

The above considerations suggest that as many as three 
different kinds of genetic mechanism, each operative under 
a particular set of conditions, may be mainfested as plasmid 
incompatibility. These are (1) a recognition site for equi- 
partition, (2) a recognition site for replication specificity, 
and (3) a copy number control mechanism, 

The basis of the expression of incompatibility by the 
integrated S. aureus plasmid described here is not intui- 
tively obvious from these considerations. It is unlikely that 
copy control is involved, since the autonomous plasmid 
(when alone) is normally present at 8-12 copies per cell’ 
and the integrated one at 2-4"*. Presumably, therefore, the 
integrated plasmid somehow causes random partition of the 
autonomous one and prevents correction of the deficiencies 
in the copy number of the latter that consequently arise 
during division. Experimental analysis of this possibility is 
in progress. 
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Low angle X-ray diffraction 
patterns of squid retina 


THE structure of photoreceptor membranes in the rod outer 
segments of vertebrates has been studied using X-ray 
diffraction’ ~*, and electron density profiles of the disk mem- 
brane at a resolution of 14 A have been obtained*. The ultra- 
structure of invertebrate rhabdomeric visual cells have been 
studied using electron microscopy® and birefringence®, but not 
X-ray methods. We report here low angle X-ray diffraction 
patterns recorded from squid retina after fixation in glutar- 
aldehyde. 

In the squid the rhabdomere structures of the retinula cells’ 
are contained within the distal segments* (by analogy with the 
retinal rod outer segments of vertebrates). Electron micro- 
graphs™® of the distal segments of squid ghow an array of 
microvilli and show that the long axes of the microvilli are 
perpendicular to the light direction. A single microvillus’** is 
shown as a thin hollow cylinder about 1-2 um long and about 
700-1,000 A in diameter. The microvilli appear to be in 
regular hexagonal arrays. A three-dimensional reconstruction 
of the squid distal segment’ shows that the adjacent hexagonal 
arrays of different retinula cells are approximately perpen- 
dicular to each other. The squid retina is well suited to X-ray 
study because the volume fraction of the microvilli in the 
squid retina is large when compared with other invertebrates. 
The distal segments are rather long, about 300 um, and 
the distal segments of squid’ like those of octopus? are closely 
packed together. 

Fresh squids were obtained at Marine Biological Laboratory, 
Woods Hole. After dissection the squid eyes were immediately 
fixed in 6% glutaraldehyde in Tris buffer (pH 7.0) and stored in 
a refrigerator at about 4 °C. In the X-ray experiment a I-mm 
strip was cut from the fixed eye and mounted in a specimen 
chamber. The X-ray procedures for recording diffraction from 
squid retina were very similar to those used in obtaining X-ray 
patterns from vertebrate retina'~*. Low angle X-ray diffraction 
patterns were taken with the X-ray beam incident parallel to 
the retina surface, and incident perpendicular to the light 
direction and to the long axis of each distal segment. Exposure 
times varied from 1h to 1d using an Elliott rotating anode 
microfocus X-ray generator and an optically focusing X-ray 
camera’®, 

Initially, slit collimation was used to explore whether low 
angle X-ray diffraction could be recorded from our X-ray 
specimens of squid retina. A series of diffraction orders from a 
lamellar repeating distance of d = 620+10A along the light 
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Fig. 1 a, Low angle X-ray diffraction pattern of squid retina 
after fixation in glutaraldehyde. The X-ray pattern was obtained 
using slit collimation and a specimen-to-film distance of 9 cm. 
Orders h = 2 to 8 of d = 620A and a diffuse reflection centred 
at d~48A are visible. Scattering close to the beam stop 
obscures the first order of diffraction. 6, Low angle X-ray diffrac- 
tion pattern of squid retina after fixation in glutaraldehyde. The 
X-ray pattern was obtained using slit collimation and a specimen- 
to-film distance of 20 cm. The first two orders of d = 620A are 
visible. The first order has a strong intensity, whereas the second is 
comparatively weak. c, Low angle X-ray diffraction pattern of 
squid retina after fixation in glutaraldehyde. The X-ray pattern 
was obtained using pinhole collimation and a specimen-to-film 
distance of 15 cm. The (01) and (10) reflections on the first layer 
line are off-meridional but appear to overlap as they have strong 
intensity, Three reflections are seen on the second layer line. The 
(11) reflection is on the meridian, whereas the (02) and (20) 
reflections are off-meridional. d, Low angle X-ray diffraction 
pattern of squid retina after fixation in glutaraldehyde. The X-ray 
pattern was obtained using pinhole collimation and a specimen- 
to-film distance of 15 cm. Less X-ray exposure was used to ob- 
tain this pattern. The (01) and (10) reflections on the first layer 
line are resolved as off-meridional reflections. The three reflections 
on the second layer line are also visible but faint. 


direction, was recorded. Generally, the first three orders of 
diffraction were discrete, whereas the higher orders merged 
together. When moderate exposure times were used the 
X-ray pattern extended out to a resolution of about 20 A. 
Occasionally, the first eight discrete orders could be seen. A 
low angle X-ray diffraction pattern, showing discrete orders 
h = 2 to 8 of a lamellar repeating distance of d = 620 A anda 
diffuse reflection centred at d ~ 48 A, is reproduced in Fig. la. 
The first order of diffraction h = 1 is not resolved in Fig. la 
because of scattering close to the beam stop. In an X-ray 
experiment using less exposure time and an increased specimen- 
to-film distance of 20 cm the first two diffraction orders A = 1 
and 2 of d = 620A were recorded. This pattern is reproduced 
in Fig. 1d. 

Unfortunately, the interpretation of the low angle X-ray 
patterns obtained using slit collimation is not straightforward. 

e 
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The first step in interpreting the lamellar diffraction is to 
identify the orientation of the two-dimensional arrays relative 
to the light direction. The orientation of the arrays of microvilli 
is not easily obtained from a study of electron micrographs™*; 
and, so far, the orientation has not been established by electron 
microscopy. The recording of discrete orders of a lamellar 
repeat distance in the slit-collimated X-ray patterns indicates 
that the microvilli arrays have the same lattice dimensions and 
that they have the same orientation relative to the light direction. 
Thus it is important to verify whether the lattice is hexagonal, 
to establish the lattice dimensions and to determine the 
orientation of the microvilli arrays relative to the light direction. 

The orientation of the two-dimensional arrays of microvilli 
has been determined by recording low angle X-ray diffraction 
patterns using pinhole collimation. The pinhole-collimated 
X-ray patterns require longer exposure times because of the 
weaker main beam and because of having to use a specimen-to- 
film distance of 15cm to resolve diffraction orders along the 
layer lines. So far, only the first few diffraction orders have 
been recorded. Typical low angle X-ray diffraction patterns of 
squid retina are shown in Fig. le and d. The angle between 
the off-meridional reflections in our pinhole-collimated X-ray 
patterns is close to 60°; and therefore it is assumed that the 
microvilli lattice is hexagonal. Note that the angle appears to 
be slightly less than 60° (it is about 55° in Fig. lc and d), indicating 
that our X-ray specimens contain a microvilli lattice which is 
slightly compressed along the (1,1) direction. This slight 
compression probably arises as a result of sectioning and 
mounting the retina strip in the specimen chamber. The pinhole 
patterns do not reproduce well, but the off-meridional 
reflections (01) and (10) on the first layer line and the (11) 
meridional reflection and the weaker off-meridional reflections 
(02) and (20) on the second layer line can be seen in Fig. le. 
The off-meridional reflections (12) and (21) on the third layer 
line can be seen in the original negatives. In Fig. Ic the off- 
meridional reflections (01) and (10) are overexposed and tend 
to overlap in the reproduction. The pinhole pattern shown in 
Fig. Id has less X-ray exposure and the (01) and (10) off- 
meridional reflections on the first layer are seen as discrete 
reflections. A drawing of the pinhole-collimated X-ray patterns 


Fig. 2. A drawing of the two-dimensional microvilli lattice as 
shown by the pinhole collimated X-ray diffraction patterns. The 
light direction is along the meridian. The a* and b* axes of the 
hexagonal reciprocal lattice is indicated and the (11) direction 
is along the meridian. The reflections (01), (10), (11), (02), (20), 
(12) and (21) on the first three layer lines have been seen in a 
number of negatives. The reflections (13), (22) and (31) on the 
fourth layer line have not been recorded but are included for 
illustrative purposes. Note that this figure is rotated 90° relative 
to Fig. I so that the beam stop is along the equator. 


Meridian 


__ (31), Fourth layer line 
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is shown in Fig. 2. Note that Fig. 2 is rotated 90° relative to 
Fig. 1 so that the beam stop is along the equator. The two- 
dimensional array is hexagonal with a = 620 A and the light 
direction is coincident with the (11) direction of the two- 
dimensional arrays. The orientation of the two-dimensional 
array of microvilli relative to the light direction is shown in 
Fig. 3. 

It is known from electron microscopy’** that the adjacent 
microvilli arrays of different retinula cells are approximately 
perpendicular to each other but it is not known to what extent 
this kind of packing is followed throughout the whole retina. 
If the X-ray specimen of squid retina contained only two 
orientations (which are perpendicular to each other) then the 
recording of the off-meridional reflections would be sensitive 
to the direction of the incident X-ray beam. But no such 
sensitivity has been recorded. The pinhole-collimated X-ray 
patterns indicate that the (11) direction is a rotation axis. 
Thus, although adjacent arrays may be perpendicular to each 
other?'*, this kind of packing is not maintained over the whole 
retina. 

A model for a single microvillus is a long thin cylinder 
where the wall is made up of a single membrane of width m. It 
is assumed that m ~ 75 A—that is, the microvillus membrane 
has the same thickness as the disk membrane'~*—and that the 
outer surfaces of the cylinders are separated by a fluid layer 
about 5 A wide. The single membrane is centred at a distance 
r from the axis of the cylinder and r = 1/2 (620—m—5) A, 
that is, r = 270 A. The Fourier transform of the membrane 
with respect to its centre is denoted by M(R) where R is the 
reciprocal space coordinate. The Fourier transform of the 
two-dimensional array of microvilli is denoted by T(R); and 
using X-ray diffraction theory appropriate to concentric 
membrane layers", T(R) can be written 


T(R) ~ 2nrJ(2nrR)M(R)P(R) 


where J, is the zero-order Bessel function and ® is the inter- 
ference function for the two-dimensional array. 

A test of the correctness of the above model can be made by 
comparing the calculated and observed intensities for the 
(10), (11) and (20) reflections. In the squid retina the two- 
dimensional arrays of microvilli are effectively rotated about 
the (11) direction. To refer intensities to an unrotated array 
the following corrections are made. The off-meridional 
reflections (01),(10) and (12),(21) are increased four to five 
times, while the off-meridional reflections (02),(20) and (13), 
(31) are increased eight to ten times. The X-ray intensities for 


Fig. 3 A drawing of a section through the two-dimensional 

hexagonal array of microvilli. The section contains the light 

direction and is perpendicular to the long axes of the microvilli 
cylinders. 


Direction of light 


~) 
< 


>< 





Nature Vol. 262 August 12 1976 


the first three reflections of the unrotated array have the 
following variation: /(10)> /(20) > 4(11). To calculate 
intensities from our model it is necessary to first estimate 
values of M(R), the Fourier transform of the microvillus 
membrane. For the first two or three reflections which corres- 
pond to very small angles of diffraction, M (R), can be approxi- 
mated" by a membrane of constant density so that M(R) is 
proportional to (1/R)sin(mmR) and where m ~ 75 Å. The 
J,(2mrR) variation is sensitive to the choice of r and we use 
r = 270A. By combining the M(R) and Jo(27rR) variations, 
our model provides an intensity variation for the first three 
reflections, which is the same as recorded experimentally. 
Thus, the observed intensities of the first few reflections in the 
pinhole-collimated X-ray patterns are in agreement with the 
microvillus membrane having a thickness of about 75 A and 
with the concentric membrane having a radius of about 270 A. 
In summary, it has been possible to record X-ray diffraction 
from the photoreceptor structures of squid retina. So far, these 
X-ray patterns refer to fixed eyes. X-ray analysis of the pinhole- 
collimated patterns has provided information on the dimen- 
sions of the microvilli and on the molecular organisation of the 
microvilli in the distal segments of squid retina. Information 
on the internal structure of the microvillus membrane has not 
been obtained but this information may be forthcoming in 
future work provided that more reflections can be recorded in 
pinhole-collimated X-ray patterns. 
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Corrigendum 


In the article “Intact 3’ end of 16S rRNA is not required 
for specific mRNA binding” by J. V. Ravetch and K. S. 
Jakes (Nature, 262, 150; 1976) the sentence at the beginning 
of paragraph 4 should read “The colicin-treated ribosomes 
used in the experiment shown in Fig. 1 were lowered in 
their ability to carry out f2 RNA-directed protein synthesis 
by 75%" and not as printed. 


Errata 


In the article “Constraints on the nature of the ancient 
lunar magnetic field” by J. N. Goswami (Nature, 261, 675; 
1976) two lines were omitted from the end of page 676. 
The sentence ‘One of these . . . Fe-FeS . . . ’ should con- 
tinue ‘... melt a few hundred kilometres below the lunar 
surface, initiating such local fields” on the Moon, is yet to 
be verified.’ 


The title of the article by M. S. N. Carpenter and L. 
Civetta (Nature, 262, 276; 1976) should read “Hercynian 
high pressure/low temperature metamorphism in the Ile de 


Groix Blueschists” and not as printed. 
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Ionic clustering 
and collagen specificity 


Piez and Torchia’ agreed with us? that 
pairs of unlike charged residues in the 
collagen amino acid sequence are im- 
portant for the assembly of molecules 
into fibrils. The described their use of 
three-dimensional molecular models to 
examine specific interactions and in 
doing so criticised our earlier one- 
dimensional treatment, in particular the 
dipole formalism used. 

One-dimensional analyses of the 
collagen sequence proved fruitful in 
earlier work, when it was found that 
two-thirds of the charged amino acid 
residues behaved as if they were 
arranged in pairs of unlike charge’. 
We simplified our calculations by treat- 
ing these 100 paired charges as 50 
dipoles; an approach commonly used 
as, for example, in the treatment of 
dielectric materials, 

Contrary to the belief of Piez and 
Torchia, our aim was not to suggest a 
detailed interaction scheme of the type 
shown in their Fig. la; we were only 
suggesting an important role for the 
paired charges in specifying an inter- 
into fibrils. They described their use of 
molecular 1 D stagger. It is difficult to 
extrapolate this result to determine 
details of the arrangement of inter- 
acting charged residues in three 
dimensions, Nevertheless paired, unlike 
unpaired, charges are distributed in the 
collagen sequence in a manner which 
is intimately associated with the D 
Stagger’. An understanding of this 
specificity in three dimensions, whether 
or not the concept of charge clustering 
is invoked, must await the outcome of 
a full three-dimensional analysis. 
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PIEZ AND TORCHIA REPLY—We are 
pleased to read the statement of Doyle 
et al.’ that we? inferred more from their 
dipole treatment’ than they meant us 
to. We would point out, however, that 
our Fig. la is essentially identical to 
their Fig. 1b. In any case, we seem to 
be agreed that charge groupings (pairs 
or clusters) are associated with mole- 
cular packing of collagen and that a 
three-dimensional analysis is needed to 
sort out exactly how they are asso- 
ciated. 

A recent rereading of the early liter- 
ature has reminded us that charge 
clustering is not a new idea. It was 
originally proposed by Hodge and 
Schmitt from electron microscopic 
studies of positively stained native 
collagen fibrils and SLS segments. We 
are, however, now able to treat the 
question at a much higher degree of 
resolution. 
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Retinal sensitivity to 
short wavelength light 


Tne recent article’ on potential hazards 
due to exposure of the primate retina 
to visible radiation of short wavelengths 
contains a number of conclusions which 
are open to argument. 

The lesions are believed to be 
mediated essentially by (unspecified) 
photochemical mechanisms. The re- 
ciprocity law is not, however, obeyed in 
the data shown in Table 1, although 
both human rods and human cones’ 
obey it in the timespan used by the 
authors. 


The contribution of thermal effects is 
minimised even though the action 
spectrum bears a striking similarity 
to the absorption spectrum of melanin’. 

The protection afforded by the 
crystalline lens is emphasised in’so far 
as the retina is concerned, although 
the vitreous may be at risk in aphakic 
eyes’, 

The morphology of the lesion is 
virtually ignored, even though it has 
been successfully studied elsewhere’. 

The authors write that a threshold 
lesion occurs when one views the Sun 
for not less than 100s. In our view it 
should not be implied that a shorter 
period is safe in their experimental 
conditions. 
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Ham REPLIES—According to our best 
judgment, there are at least three types 
of radiation damage to the retina in the 
spectral range, near infrared to near 
ultraviolet (1,400-400 nm). These are: 
sonic transient or shock damage from 
picosecond to nanosecond pulses'~*, 
thermal damage (independent to a first 
approximation of wavelength) from 
microsecond to second pulses**, and 
photochemical damage from long term 
exposure (>1s) to the shorter wave- 
lengths in the visible spectrum (approxi- 
mately 500-400 nm)’; There is no sharp 
transition between these three types of 
retinal damage, either from the stand- 
point of wavelength or exposure time. 
We believe that Marshall’s report’ of 
retinal damage belongs in the general 
category of thermal damage as outlined 
here. 

In response to the specific comments 
of Marshall and Weale” we offer the 
following: (1) Not even thermal lesions 
obey a reciprocity law‘. There is no 
particular reason to believe that long 
term photic damage should obey a 
reciprocity relation and, as we pointed 
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out in the paper*, we do not know the 
relationship of rods and cones to the 
observed funduscopic pathology. (2) 
Thermal effects are minimised only for 
long term exposure to the shorter wave- 
lengths in the visible spectrum where 
maximum temperatures in the retina 
do not exceed a few °C above ambient. 
The absorption spectrum of melanin 
would be expected to correspond to the 
action spectrum for thermal damage. 
Our action spectrum includes both 
thermal and photochemical damage 
and its relationship to the melanin 
absorption spectrum is suspect but 
should not be overlooked. (3) The 
hazard to the retina rather than the 
vitreous for aphakic eyes is emphasised 
because the vitreous does not absorb 
radiation appreciably between 300 and 
1,400 nm (ref. 9). (4) The morphology 
of the lesion is not ignored but un- 
determined to date. Extensive efforts 
are under way, using both light and 
electron microscopy, to determine the 
nature of the lesion. The subtleties of 
these lesions bear no relationship to 
those reported by Marshall er al.. 
Calculations show that the minimal 
irradiance on the retina in their experi- 
ments was greater by a factor of 10° 
than those we reported’. In other 
words, Marshall er al., were dealing 
with a totally different phenomenon, 
thermal injury, whereas we were seek- 
ing to characterise a long term photic 
damage mechanism or mechanisms in 
the retina. 
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Exudate-eating and 
tree-gouging in marmosets 


Kinzey et al.’ discuss an unusual sap- 
eating behaviour in the pygmy mar- 
moset (Cebuella pygmaea) of upper 
Amazonian South America. We have 
observed similar exudate-eating be- 
haviour patterns in southern Brazilian 
marmosets of the genus Callithrix and 
and would like to discuss briefly their 
significance. 

Like Cebuella, Callithrix spp. are 
“short tusked’*: in other words, they 
have an unusual lower anterior denti- 


tion in which the canines are short and 
the incisors long and roughly equal in 
length to the canines. The other two 
callitrichid genera, Leontopithecus and 
Saguinus, are “long tusked’’, with 
normal, long lower canines and short 
lower incisors. In Callithrix and 
Cebuella, the “short tusked” lower 
anterior dentition is apparently used 
as a gouge or scraper to perforate the 
bark and the superficial layer of the 
cambium of certain trees. When at- 
tacked in this manner, the trees exude 
gums and sap which are important 
food sources for the marmosets. 
Free-living Callithrix jacchus have 
been observed gouging several species 
of trees (Anacardium occidentale, 
Anacardiaceae; Tapirira guianensis, 
Anacardiaceae; Terminalia catappa, 
Combretaceae) in the Brazilian states 
of Alagoas and Rio de Janeiro. 
Favourite trees are sometimes riddled 
with holes on all surfaces. Captive 
Callithrix (including C. flaviceps, C. 
geoffroyi, C. jacchus and C. penicillata) 
gouge holes in fresh branches and also 
in the dry wooden fixtures of their 
cages (Fig. 1). In addition to feeding 
on exudates that flow from holes in 
the fresh branches. captive (and prob- 
ably also wild) Callithrix use the holes 
in both dry and fresh wood as foci for 
marking behaviour. High-ranking males 
and females frequently urinate in them 
and genital-rub in their vicinity. The 
gouging process in Callithrix is usually 
accomplished by anchoring the upper 
incisors on the substratum and scraping 
with the lower anterior teeth (Fig 1). 
In both Cebuella and Callithrix, wear 
patterns on the occlusal surface of the 
upper incisors indicate that they are 


Fig. 1 Captive Callithrix geoffroyi goug- 

ing hole in dry branch in its cage. Note 

the positions of the upper and lower 
teeth. 
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used to hone the tips of the lower 
incisors (personal communication from 
R. D. Martin). Depending on their 
hardness, exudates are either licked up 
or collected with teeth. In contrast to 
Cebuella and Callithrix, the “long- 
tusked” Leontopithecus and Saguinus 
have never been observed gouging holes 
in wood, although they occasionally 
chew on strips of bark and feed on 
already-exuded gums if they happen to 
come across them. 

An analysis of the gum of Anacar- 
dium occidentale gives an indication of 
the food value of exudates. The gum of 
this species is 84% carbohydrate and 
contains several minerals, including 
iron, aluminum, calcium, silicon, potas- 
sium and traces of magnesium and 
sodium’. These substances therefore 
provide small primates like Callithrix 
and Cebuella with a high energy food 
source not used to any great extent by 
larger primates and other potential 
competitors, and helps them to, at least 
in part, avoid competition for fruit, the 
major high energy food source for 
many tropical mammals and birds. 

Sporadic exudate-eating from sites 
where insect infestation or mechanical 
damage has caused it to flow is a fairly 
common pattern in primates. The same 
can be said for occasional use of the 
teeth to pry, gouge, strip or break bark 
from trees. In addition, certain prosi- 
mians (for example, Euoticus elegantu- 
lus, Microcebus murinus and Galago 
senegalensis) use their specialised 
“tooth combs” or “tooth scrapers”, 
formed by the lower anterior denti- 
tions, as scoops to cBllect gums from 
areas where they have already exuded 
(personal communication from R. D. 
Martin). But, the regular use of tree 
gouging specifically to elicit exudate 
flow has so far been found only in 
Callithrix, Cebuella and the Madagas- 
can fork-marked dwarf lemur Phaner- 
furcifer’ and seems to be rare not only 
among primates but among vertebrates 
in general. 
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Shadowy threshold 


THE ridiculous consequences of the threshold nuclear 
test-ban treaty, pressed on an unwilling world in 1974 
and scheduled to take effect in April 1976, begin to make 
themselves known. The treaty is a strictly bilateral affair 
between the United States and the Soviet Union and the 
two parties have agreed to restrain weapons to yields 
not exceeding 150 kilotons. A related treaty covered 
peaceful nuclear explosions. Although formal ratifica- 
tion is still awaited, both parties have been honouring 
the treaty for some months. 

In 1974 there was vigorous criticism of almost all 
aspects of the treaty in many parts of the world: a 
bilateral treaty was too coy; the threshold was too high 
for any sensible arms control purposes; the complica- 
tions of geology made accurate seismic monitoring of 
the threshold difficult. On the last count, the period of 
nearly two years between proposal and enforcement was 
put forward by the treaty’s proponents as a time when 
data exchange would allow accurate calibrations of test 
sites to be made. Certainly there was a mild flurry of 
activity as scientists moved between capitals clutching 
seismograms. But on July 4, in the case of one of the 
first tests to be fired by the Soviet Union since the April 
deadline, there was a sufficient element of doubt in 
American official quarters to push the whole concept of 
the treaty right back into the public arena. The argu- 
ments have since continued, 

No official American estimate of the yield has been 
forthcoming but the figures first being passed around 
were 100 to 200 kilotons; a later figure to be mentioned 
was “exactly 150 kilotons”. In the midst of all this an 
unpublished understanding between the two powers was 
wheeled out, to the effect that “technical uncertainties 

- » may result in slight unintended breaches .. . one or 
two such per year would not be considered a violation 
of the treaty”. In other words, since yields can be pre- 
determined to within a few per cent knowing the con- 
formation of the device, at least one party to the treaty— 
e 


probably the Soviet Union—intended to test right up to 
the threshold. Some arms control measure. 

There has been much justifiable tut-tutting over these 
loose edges to the treaty in the past week, but little about 
the calculations which have helped provoke it. Yet there 
is a vast amount of seismic data in the public domain 
and this explosion will have been excellently recorded 
all over the world. United States government estimates 
take into account we know not what, but it is open to 
anyone else to make his or her own reasonable estimate. 
There are published papers giving clear recipes for how 
to convert a seismic signal to explosive yield, with the 
help of some modest knowledge of Soviet geology. And 
when we do the sums we can’t see how the yield can be 
much more than 100 kilotons. 

The cause of the discrepancy is an old problem. It is 
easiest to measure the yield seismically by observation of 
the so-called body waves generated by the explosion. 
These have the larger signal-to-noise ratio and are 
measured routinely. The so-called surface waves from 
blasts, on the other hand, are smaller and need a little 
more time for their analysis. But at the sort of yields we 
are talking about there begin to be discrepancies 
between yields from the same explosion measured 
routinely by the two techniques—and there are good 
theoretical grounds for favouring the surface-wave 
method. 

In the past, the body-wave method has been known 
seriously to overestimate the yield. This has led to the 
publication of information about the yields of Soviet 
tests, placing them in the multi-megaton region when the 
yield has probably been barely a megaton. Admittedly 
all estimates of seismic yield are accurate only to per- 
haps 20%. But now we see an old problem emerging 
to befuddle the issue of the threshold treaty, which is 
made to look silly right from the word go. One wonders 
whether the two years could not have been more profit- 
ably spent in avoiding such a hassle. o 
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Toxic cloud over Seveso 


The fall-out from last month’s explosion in Italy 
involves more than dust, as Alastair Hay points out 


N JULY 10, an explosion at a 

chemical factory in the North Ital- 
ian town of Seveso released a cloud 
of vapour which contaminated the sur- 
rounding area. The vapour, a chemical 
cocktail consisting primarily of trich- 
lorophenol (TCP), also contained an 
extremely toxic by-product, TCDD 
(2,3,7,8 - tetrachlorodibenzopara - di- 
oxin), a virulent poison. 

It happened six and a half hours 
after the plant, belonging to Givaudan 
ICMESA, a subsidiary of Hoffman-La 
Roche, had closed down for the week- 
end. There was a “runaway reaction” 
in the reactor producing trichloro- 
phenol. The pressure increased as the 
reaction became exothermic, and 
reached the critical limit, blowing the 
safety valve and thus discharging the 
reactor contents. The valve, situated 
outside the plant, discharged the hot 
vapour directly into the atmosphere. 
When the solvents evaporated, 
trichlorophenol crystals and 2kg of 
TCDD, in the form of dust, were pre- 
cipitated south of the factory over an 
area inhabitated by some two thousand 
people. 

Local police were informed of the 
explosion on the day that it occurred; 
the following day the mayor of Seveso 
was told; and on Monday, July 12, 
ICMESA notified the local authorities 
of areas bordering on Seveso. A state- 
ment was issued by these local officials, 
warning against the consumption of 
fruit and other crops from the area 
surrounding the factory. On July 15, 
the first animal deaths were reported. 
The first reports of children suffering 
from skin rashes came a day later. By 
July 22, when over thirty people were 
reported to be showing symptoms of 
burns and poisoning, local authorities 
were still insisting that there was no 
cause for panic. No general evacuation 
had been planned. 

Not until two weeks after the explo- 
sion was TCDD first identified, by a 
provincial diagnostic centre. The iden- 
tity of the dioxin was confirmed by 
Givaudan three days later, on July 26. 
Local officials had meanwhile been 
alerted to the seriousness of the situa- 
tion by the ICMESA management, and 
on Tuesday, July 27, fully 24 weeks 
after the explosion, evacuation began, 
at first only of children. Since then the 
known area of serious contamination 
has grown severalfold, and by the 
middle of last week over 800 people 
had been evacuated from this zone. 
Another 1,300 children had been 


evacuated, as a precautionary measure, 
from the area outside that of im- 
mediate contamination. 


Delayed action 

Only after it had been established that 
TCDD had also been released in the 
vapour cloud did the authorities realise 
the need for urgent action. Up to this 
point, the information supplied to them 


by the ICMESA management had im- § 


plied that the worst component of the 
vapour was trichlorophenol. This un- 
doubtedly led the local authorities to 
believe that the situation, although 
serious, did not warrant a general 
exodus from the contaminated area. 

It is this delay which has given 
cause for concern, particularly in view 
of the known toxicity of the dioxins. 
Experimental evidence is available of 
the effects of TCDD on a range of 
animals, and is to be found in the US 
National Academy of Sciences (NAS) 
document Effects of Herbicides in 
South Vietnam. A single dose of this 
dioxin is lethal in guinea pigs at a con- 
centration of 0.6 ug kg". In male rats 
the lethal dose is 22 ug kg™'; in rabbits 
115 ug kg™'; and in humans, it has been 
calculated to be less than 5mgkg™. 
This means that the toxicity of TCDD 
can be compared to that of strychnine. 

Clinical signs of TCDD poisoning in- 
clude atrophy of the kidney; necrotic 
changes of the liver; ulceration of the 
stomach; haemorrhages in the gastro- 
intestinal tract and other organs; and 
atrophy of the thymus and other 
lymphoid organs and tissues. The 
latter changes are those most com- 
monly observed. 

Teratogenicity of TCDD has been 
demonstrated in mice, although evi- 
dence of teratogenic effects in other 
animals is more equivocal. According 
to Neubert et al. (Environ. Health 
Perspectives, Exp. Issue No. 5, 67-80; 
1973), when TCDD was given to mice 
daily on days 6 to 15 of pregnancy, at 
least 50% of the progeny exhibited 
kidney anomalies at concentrations of 
1-3 ug kg’; death occurred at concen- 
trations of 7 ug kg™. 

Reports from Seveso confirm that 
500 people are being treated for poison- 
ing. Many are showing symptoms of 
kidney and liver malfunction. Others 
from the area affected by TCDD fall- 
out have chloracne, a persistent and 
disfiguring form of acne associated 
with contact with chlorinated com- 
pounds. If treated, the acne may clear 
up in six months. There is evidence, 
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however, of a worker in a chemical 
factory producing chlorophenols who 
is still disfigured 15 years after ex- 


posure to the chemicals. 

Not the first time 

As the painful assessment begins of 
the effects of the dioxin contamination, 
evidence has accrued almost daily of 
chemical explosions involving trichloro- 
rophenol production which have al- 
ready occurred and which were similar 
to the one at the ICMESA plant. 

The first accident occurred in 1953 
at the Ludwigshafen works of the 
Badische Anilin und Soda Fabrik 
AG (BASF) in Germany. Fifty-five 
workers were exposed to dioxin, all of 
whom developed chloracne. Twenty- 
one developed symptoms of systemic 
poisoning, including “damage to the 
liver, kidney and spleen; the heart, res- 
piratory tract, eyes and nervous system 
were also affected. Five years after the 
accident, a worker engaged on repair 
work on the site developed symptoms 
of dioxin poisoning; nine months 
after the appearance of the first symp- 
toms, this worker died from an inflam- 
mation of the pancreas. Following 
medical advice, BASF later stopped 
production of trichlorophenol. 

In 1963, at the Philips Duphar com- 
plex in Amsterdam, an explosion re- 
leased between 30 and 200g of dioxin 
into the factory hall. Fifty people were 
affected, at least ten of whom are still 
suffering from skin complaints. Four 
workers died within two years of the 
accident, but there is no proven con- 
nection between their deaths and 
dioxin poisoning. After an unsuccess- 
ful attempt to remove dioxin from the 
factory walls, the firm closed down the 
trichlorophenol plant for ten years. 
When information on dioxin contam- 
ination had been reviewed, the only 
course of action open to the company 
was to dismantle the plant brick by 
brick working from the inside out- 


wards. The rubble, embedded in con- 
. 
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crete, was eventually dumped into the 
Atlantic. 

At the Coalite and Chemical Pro- 
ducts plant at Bolsover, Derbyshire 
(UK), seventy-nine men developed 
chloracne following an explosion at the 
trichlorophenol plant in 1968. Since 
the Seveso accident, this firm and the 
West German firm of Bayer of 
Leberkusen have both temporarily 
ceased production and are reviewing 
their manufacturing procedures. 

The most disturbing reports relating 
to dioxin poisoning, however, are un- 
doubtedly those from Vietnam. In- 
creasing criticism of the American use 
of herbicides in the war in Indochina 
resulted in the National Academy of 
Sciences conducting a thorough investi- 
gation. The report of their findings, 
published in 1974, has been criticised 
over its interpretation of the data con- 
cerning deaths and birth defects in 
communities sprayed with herbicides. 
In an introduction to the report, Dr 
Philip Handler, the NAS President, 
claimed that no definite connection 
existed to confirm findings of herbicide- 
induced birth defects or deaths. 

The NAS report itself does, however, 
contain considerable information about 
the effects of herbicides and the con- 
taminant TCDD on humans, animals 
and vegetation in Vietnam. One 
anthropologist who submitted evidence 
to the NAS study, Dr Gerald Hickey 
of the South-East Asia Programme of 
Cornell University, has reported evi- 
dence of deaths from among the child- 
ren of the Montagnard peoples of 
South Vietnam, deaths directly related 
to herbicide spraying. The first-hand 
interviews he conducted with Montag- 
nard villagers revealed the additional 
evidence that other children had shown 
symptoms such as skin rashes, diar- 
rhoea and abdominal pains. 

Hickey was cautious in attributing 
these effects directly to TCDD; the 
evidence is more circumstantial. Dur- 
ing the Vietnam war, the Americans 
repeatedly sprayed these mountainous 
areas of South Vietnam, inhabited by 
the Montagnard people, with the her- 
bicide “Agent Orange”, a 50:50 mix- 
ture of the n-butyl esters of 2,4-D 
(2,4-dichlorophenoxyacetic acid) and 
2,4, 5-T (2,4,5-trichlorophenoxyacetic 
acid). The dioxin TCDD is a con- 
taminant present in 2,4,5-T at levels 
variously estimated at between 0.07 
and 50 p.p.m. 

Although the NAS report claimed 
that no evidence is available to sub- 
stantiate herbicide-induced birth defects 
in humans, the Italian authorities are 
currently paying serious attention to 
the advice of a Vietnamese doctor. 
Professor Ton That Tung of the Viet 
Duc Hospital in Hanoi insists (in Viet- 
namese Studies, 29, 53-81; 1971) that 
such evidence is available, 


Unanswered questions 

Certainly the assembled evidence 
points to some unanswered questions. 
Because previously recorded accidents 
at other  trichlorophenol-producing 
plants had released TCDD, the chance 
existed that the same would be true in 
any accident at Seveso, and the author- 
itites might have expected to have been 
informed accordingly. But even in the 
unlikely event that the ICMESA man- 
agement was unaware of the historical 
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evidence pointing to this danger, simple 
theoretical knowledge of the factors 
favouring TCDD production should 
have alerted them to the possibility of 
dioxin contamination. Moreover, the 
plant’s safety valve was situated outside 
the plant, allowing a discharge of 
vapour directly into the atmosphere. 
This served to protect the plant itself 
from the vapour, but did so at the cost 
of serious contamination of the sur- 
rounding countryside. 


TCDD 


(2,3,7,8-tetrachlorodibenzopara-dioxin) 


TCDD is produced as a_ by-product 
during the alkaline hydrolysis of tetra- 
chlorobenzene with methanolic sodium 
hydroxide to form 2,4,5-trichlorophenol 
(1). 

Trichlorophenol is both the industrial 
precursor of 2,4,5-T (2,4,5-trichloro- 
phenoxyacetic acid), a herbicide norm- 
ally used in esterified form as the butyl 
ester (2), and an intermediate product in 
the manufacture of hexachlorophene, an 
antibacterial agent added to soaps, sham- 
poos, deodorants and toothpastes. 

The hydrolysis of tetrachlorobenzene 
is carried out at high temperatures and 
under pressure. This reaction, if not 
very carefully controlled, is favourable 
to the formation of TCDD, the most 
common chlorodibenzoparadioxin present 
in 2,4,5-T. Other toxic polychlorodi- 
benzoparadioxins are also produced in 
the manufacture of chlorinated phenols. 

Theoretically, at least 75 different 
chlorodibenzoparadioxins can be pre- 
dicted having one to eight chlorine atoms 
attached to the two benzene rings. At 
least ten have been synthesised, and one 
or two more have been found in food, 
animal feeds and 2,4,5-T. 

Hexachlorophene is prepared by the 


condensation of two molecules of 2,4,5- 
trichlorophenol with formaldehyde in 
the presence of concentrated sulphuric 
acid (3). The preparation procedure has 
been improved, and the Givaudan 
Corporation hold the US patents Nos. 
2,435,593 (1948) and 2,812,365 (1957). 


Properties of TCDD 

Like other chlorodioxins, TCDD is stable 
to heat, acids and alkali; a temperature 
of 800°C is required for thermal de- 
composition. TCDD is virtually insoluble 
in water (0.0002 p.p.m.), only slightly 
soluble in fats (44p.p.m. in lard oil), 
more soluble in hydrocarbons (570 p.p.m. 
in benzene), and at its most soluble in 
chlorinated organic solvents (1400 p.p.m. 
in ortho-dichlorobenzene). 

Uptake of TCDD occurs slowly in 
plants (oats and soybeans), No accumula- 
tion above external concentration occurs, 
however, and plants grow to maturity 
(A. R. Isensee and G. E. Jones, Agric. 
Food Chem., 19, 1210-1214; 1971). 

TCDD is almost immobile in soil. 
Even in very porous soil it remains close 
to the point of application (P. C. Kearney 
et al., Environ. Health Perspectives, Exp. 
Issue No. 5, 273-278; 1973). 
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The question of decontamination is 
now presenting Givaudan, Roche and 
the Italian government with serious 
problems. An Italian government 
commission recommended removal of 
topsoil to a depth of 10cm in an area 
of 280 acres, the dismantling of all 
buildings in the Seveso area and the 
total disruption of all wildlife. These 
recommendations may take up to three 
years to implement. The sheer volume 
of soil to be processed and the number 
of buildings involved will create enor- 
mous technical problems of disposal. 
Great care will have to be taken to 
avoid further contamination by TCDD 
when material is removed from Seveso. 

The British firm of Cremer and 
Warner have been retained by Givau- 
dan to help in the task of decontamina- 
tion. Cremer and Warner are chemical 
engineers specialising in the environ- 
mental safety aspects of industrial pol- 


lution. Data already accumulated 
indicate that the intensity of contami- 
nation does not conform to any 


uniform pattern, and the feeling is that 
it would be premature to implement 
the Italian commission’s proposals, at 
least until potential alternatives are 
considered. 

But no one doubts that a satisfactory 
policy for accident prevention and 
control can possibly be formulated if 
vital information is withheld from 


those whom it may affect most directly. 
In Seveso, the local mayors did make 
attempts to find out what was actually 
being produced at the ICMESA plant. 
But that was four years ago. Only last 
year did Givaudan finally provide some 
information. No mention was made of 
the dioxin risk, and therefore no safety 
measures were suggested. Even now 
there is conflicting information about 
the processes for which the ICMESA 
works were designed. One senior Roche 
executive has said the plant was pro- 
ducing trichlorophenol for the manu- 
facture of the herbicide 2,4,5-T: 
another spokesman claimed that the 
plant was making trichlorophenol for 
the manufacture of hexachlorophene at 
another site. 


Few unaffected 

Few people have been uninvolved by 
the actions of the Roche subsidiary. 
Scientists and engineers at the Seveso 
plant failed to predict the extent of 
dioxin contamination and its spread 
over the countryside. Workers at the 
factory demanded to know of any 
dangers involved. Management did not 
inform them until two weeks after the 
explosion. Local residents knew noth- 
ing of the real hazards of the con- 
tamination. The medical profession, 
lacking an antidote, must give only 
symptomatic treatment. Pregnant 


Europe’s ageing research staffs 


Mike Duckenfield reports from Stockholm on the problem of 
an “unhealthy” age profile among researchers and teachers 


ITH one or two exceptions, 
notably Finland where spending 
is to be increased from 1% to 1.7% of 
the GNP during the next five years, 
research budgets in most Western 
European countries are having a 
struggle to keep pace with rising costs, 
Not only is government spending 
being cut back or slowed down, but 
what funds there are available are 
being affected by an incremental drift 
of salaries as young staff get older and, 
as in Britain and the USA, increasing 
unionisation. Even in Norway, where 
unemployment is well below 2% and 
economic growth at a steady 7%, the 
prospects for those wanting research 
jobs are very slim. 

Graduate unemployment is a prob- 
lem in itself, but there is also another 
side to the coin: the likely prospect of 
universities and research institutes in 
most nations losing a generation of 
teachers and researchers during the 
next 15 years due to the lack of job 
opportunities. The problem, in short, 
is that the universities are now moving 


into the shadow of the massive expan- 
sion of higher education which took 
place in the 1960s. Due to this boom 
the average age of teachers and 
researchers is now very low, retire- 
ments are relatively few and future 
openings for new blood and ideas 
drastically diminished. According to 
academics in several countries, pro- 
motion, mobility and possibly even 
creativity are all likely to suffer, 

The problem of an “unhealthy” age 
profile among researchers and teachers 
is beginning to be studied in nations 
ranging from France to Norway. Due 
to large scale recruitment in the middle 
and late 1960s, too large a proportion 
of staff are now only at the beginning 
of their careers. A recent Federal Ger- 
man survey shows that while 45.9%, 
of professors and senior lecturers in 
1966 were over 50 years old and only 
22.3% under 40, corresponding figures 
for 1972 were 28% and 30.5.%. In 
addition, while other teaching staff 
under 35 accounted for 17.4% of the 
total in 1966, six years later the figure 
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women, agonising over the teratogenic 
effects of TCDD, must decide with 
little firm guidance from the Church 
whether to undergo abortions. Ecol- 
ogists cannot predict the long term 
effects of dioxin contamination. The 
authorities know that the decontami- 
nation proposals themselves are at best 
a mixture of policies adopted at pre- 
vious accidents, leavened with a good 
deal of hope. 

The suggestions being made now in- 
volve at the very least the implemen- 
tation of strict codes of practice, to be 
adopted between industrial concerns 
and the local authorities to which they 
bear a great measure of responsibility. 
Such codes would include detailed pro- 
cedures to be followed in the event of 
an accident. As for the withholding of 
information, few are accepting the 
obvious convenience this represents 
for manufacturers as a satisfactory ex- 
planation, Many are saying that with 
all the facts more freely available, it 
may, for example, be decided that the 
risks involved in producing trichloro- 
phenol outweigh the necessity of a 
2,4,5-T weedkiller—or a TCP mouth- 
wash. Only the inquest now to come 
will reveal whether some sort of 
political solution is needed to ensure 
that the necessary information is avail- 
able and to prevent a recurrence of 
this kind of disaster. m 


was 27.3%. 

In Britain, too, the average age of 
university teachers has fallen signi- 
ficantly; now 63% of academic staff 
are under 40, 26% are under 30 and 
13% over 50. In Norway 18.8% of staff 
are over 50 compared with 43.7% 
under 35, while a survey of French 
research workers in the Centre 
National de la Recherche Scientifique 
showed the average age of those 
engaged in mathematics was 28 years 
and 7 months and those in physics and 
chemistry 34 years and 5 months, In 
Sweden as many as two-thirds of 
researchers in some branches of social 
science are under 35. 

With comparatively young staff hold- 
ing most of the senior positions, future 
promotion prospects are well below 
normal. A report prepared for the 
Council of Europe by Gert Elster- 
mann, academic director of the Uni- 
versity of the Saarlands, says that the 
annual replacement demand for 
teachers in Federal German universi- 
ties and colleges up to 1990 will remain 
much the same as it is at present in 
law and the social sciences. For other 
subjects it will stay unchanged until 
the mid-1980s. Similarly, in Norway 
prospects for the next 15 years suggest 
annual recruitment levels below those 
of any year since the early 1960s. In 

es 
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1972 there were 270 new jobs, this year 
only about 30 are expected. 
Elstermann calculates that while an 
assistant lecturer in Germany had 
more than a 70% chance of being 
appointed as an established university 
teacher—in many cases as full pro- 
fessors—in the 1960s, in the 1976-85 
period these chances will fall to only 
15% before rising slowly to 23% in 
1990 and 30% in the year 2000. Writ- 
ing in last year’s annual Norwegian 
research review, Hans Skoie, deputy 
director of Norway’s Science and 
Humanities Research Council's Insti- 
tute for Studies in Research and 
Higher Education, commented: 
“There is a definite danger that univer- 
sities and research establishments may 
develop into communities of senior 
citizens leaving membership of future 
classes of graduates with miniscule 
chances of getting research jobs.” 
He fears that potential scientists will 
be discouraged from going on to higher 
studies and many of the best talents 
lost. This in turn would lead to less 
research being performed through 


CHEMICAL WEAPONS 


thesis work, thereby deteriorating the 
chances of senior staff to carry out 
their own projects. The trend against 
further studies has been evident for 
several years in neighbouring Sweden. 
In 1968, 37% of graduates went on to 
further studies. By 1971 this had 
fallen to 22.5% and last year it was 
down to only 14%. The Swedes are 
especially worried about their failure 
to attract students in mathematics and 
the natural sciences. 

Another fear is that as the present 
research population gets collectively 
older fewer will be likely to change 
jobs—a trend reinforced by the tight 
employment market. This lack of 
mobility could then affect contacts 
between the universities, research in- 
stitutes and commercial laboratories, 
and a Council of Europe report pre- 
sented recently to a meeting of the 
organisation’s committee for higher 
education and research concludes that 
the overall result could be stagnation 
and a possible decline in research 
creativity. 

Attempts to overcome the age im- 


Disarmament by phases 


At the Conference of the Committee on 
Disarmament (CCD) in Geneva, Britain 
last week tabled a draft convention on 
the prohibitiog and destruction of 
chemical weapons to complement the 
1925 protocol banning their use in war. 
Chris Sherwell reports 


Tue search for a convention to cover 


unconventional weapons continues. The 
latest initiative has come from Britain 
in the sphere of chemical weapons, 
and, as the UK representative explained 
to the 720th plenary meeting of the 
CCD, combines new ideas and con- 
structive and realistic elements from 
previous drafts into a draft treaty which 
is being presented as a focus for nego- 
tiation. 

The 17-Article draft, which the 
CCD’s 30 member states will study 
before their spring session in February 
next year, has several features. The 
emphasis on “confidence building” is 
one. Under Article II signatories would 
each establish or nominate a national 
verification agency; in declaring 
whether or not they were in possession 
of chemical weapons and producing 
figures they would, it is hoped, be gen- 
erating the confidence without which 
the main provisions of the treaty 
would not come into effect. 

Article III is also aimed at confid- 


ence building. It amounts to a mora- 
torium on production of the chemical 
weapons specified in a protocol still to 
be negotiated for Article I, by which 
signatories would have undertaken 
“never, in any circumstances, to deve- 
lop, produce, or otherwise acquire, or 
use” chemical weapons or munitions or 
their delivery systems. 

Another feature is the draft’s three- 
stage implementation. After the first 
phase, in which signatories would stop 
production of chemical weapons and 
would provide information, the main 
provisions of the treaty would come in- 
to operation. The third stage, marked 
by Article VII, provides for the phased 
destruction or conversion to peaceful 
use of chemical weapons and the des- 
truction of stockpiles. The exact pro- 
gramme is left for negotiation, but a 
Consultative Committee would arrange 
for the vital aspects of verification, in- 
spection and exchange of information. 
Article IX offers a framework, which 
could also be amplified in a protocol. 

Britain does not have any specific 
time scale in mind for the conclusion 
of a chemical warfare treaty, and with 
the summer session of the CCD about 
to end, is looking only for preliminary 
reactions. She has shown some eye for 
timing, however. Eastern bloc coun- 
tries put up a draft convention in 
March 1972, as did Japan in April 
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balance problem vary widely. In 
France priority is being given to the 
recruitment of contractual staff as 
against creating new tenured positions 
which would have the status and secu- 
rity of those of civil servants, In 
Federal Germany the remedy advo- 
cated has been a strict adherence to 
temporary contracts, with nearly all 
staff below professorial level being 
untenured, the idea being to maintain 
a steady flow of young academics 
through the universities. However, 
long term solutions of this kind are 
almost certain to be opposed by the 
trade unions. 

Other suggestions include encourag- 
ing older researchers to apply for 
senior administrative posts, introduc- 
ing productivity or merit increments 
instead of those based on seniority or 
simply age, making the retirement age 
more flexible, offering increased oppor- 
tunities for leave of absence, more 
academic exchange programmes and, 
perhaps rather optimistically, simply 
filling staff vacancies as soon as they 
occur. oO 





1974; non-aligned countries had sug- 
gested a series of guidelines the pre- 
vious year. In 1974 Canada suggested 
the phased destruction of all CW 
agents. This received the crucial sup- 
port of the USA in April this year 
which, in the absence of the promised 
US-USSR initiative, made this the 
appropriate time for consolidation. 
The time was also right because of 
technological improvements in moni- 
toring techniques and because the 
experience of the International Atomic 
Energy Agency over nuclear safe- 
guards showed that monitoring and 
protection of military and commercial 
secrets were not mutually exclusive. 
The US-—USSR agreement earlier this 
year concerning on-site inspection of 
“peaceful” nuclear explosions is also 


regarded as an important break- 
through. 
Whether Britain thinks member 


states now really believe that chemical 
weapons are unnecessary or that there 
is no need for stockpiles is another 
matter; the purpose of the latest pro- 
posal, however, is not seen as being 
to establish which countries are 
thinking along these lines by dis- 
covering their reactions to the draft. 
A readiness to move forward is 
apparently perceived, although it is 
acknowledged that the USSR might 
choose to describe any concessions it 
makes over verification in terms of 
“peaceful collaboration”, rather than 
admit the change. O 
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@ The 30th meeting of Comecon in 
Berlin last month, held to assess the 
first joint five-year plan and discuss 
future integration, considered the 
prospect of integration over a fifteen 
to twenty year period in certain major 
sectors, including nuclear power. 
According to the joint communique 
of the meeting, there has been a 
“rapid growth” in the use of nuclear 
power during the past five years; the 
present capacity of nuclear power 
stations in the Comecon countries 
amounts to 7.5x10°MW, with an 
expected increase by 1980 to 
30 10" MW, and Mr Kosygin in his 
address stressed the great importance 
of the “acceleration of the construc- 
tion of nuclear power stations”. 

There have, however, been reports 
of the breakdown of Intera- 
tomenergo, the supranational Come- 
con body responsible for the construc- 
tion of nuclear power stations, par- 
ticularly since, shortly before the 
meeting, the Hungarian Deputy Pre- 
mier Istvan Huszar strongly criticised 
the establishment of such supra- 
national bodies whose policies may 
well run counter to those of in- 
dividual members. In fact there seems 
to be no direct evidence that Inter- 
atomenergo (founded in December 
1974) has broken down, although 
power supplies are, indeed, a pressing 
problem to Comecon. 

About half, perhaps more, of the 
Comecon countries’ electricity could 
be nuclear by 2000, but the short term 
solution cannot be a nuclear one; 
immediate plans for the exchange of 
power resources, which should in turn 
allow the reserve capacities of in- 
dividual countries to be reduced, will 
for the moment be based largely on 
thermal power stations. Thermal 
power stations at present contribute 
some 87%, to the total generating 
capacity of Comecon, and even with 
the planned nuclear expansion of the 
next five years, when nuclear power 
capacity will increase from 2.5% to 
8%, of the total, the role of the coal- 
and lignite-powered thermal stations 
will remain significant. 

It seems doubtful that the Comecon 
countries will be able to fulfil all 
their long term plans without outside 
(that is, western) help, however, at 
least insofar as these plans depend on 
the development of more advanced 
reactors, such as the fast breeder, by 
the USSR. For the moment, though, 
the focus is on pressurised water re- 
actors of the Voronezh type, which 
the USSR has developed com- 
mercially and can supply to its 
Comecon partners, including Cuba. 
And few in the Wests nuclear in- 


dustries doubt the benefits conferred 
by Comecon’s unquantified but ade- 
quate uranium resources and by an 
equally unquantified but certainly 


unorganised anti-nuclear lobby. 





@ An agreement between the Come- 
con countries (including Mongolia 
and Cuba) on further cooperation in 


space exploration was signed in 
Moscow last month. According to 
Academician Anatolii Aleksandrov, 


President of the Academy of Sciences 
of the USSR, the agreement envisages 
cooperation in launching spacecraft, 
designing equipment, geological and 
meteorological surveying, joint tech- 
nological research and the exchange 
of scientific data. 

Such joint research has, of course, 
been taking place for some seven 
years now, under the Interkosmos 
programme. The latest two satellies 
in this series, Interkosmos 15 and 16, 
were launched on June 19 and July 
27 respectively, and mark a new 
development in the programme—the 
monitoring of data from the satellites 
by member countries other than the 
USSR. Suitable receiver stations have 
already been huilt in Hungary, the 
GDR and Czechoslovakia, with Cuba 
and Bulgaria scheduled to join the 
monitoring network in the near 
future. The new Interkosmos satel- 
lites carry a special unified telemetry 
system developed jointly by Hungary, 
the GDR, Poland, Czechoslovakia 
and the USSR. 

This stress on greater participation 
by the non-Soviet members of Come- 
con inevitably invites debate about 
the further development of the pro- 
gramme. Already there seems to be a 
trend for countries to specialise in 
individual fields of the programme. 
The data on solar radiation being 
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gathered in the current experiments 
is being processed by a Polish team 
in Torun, although it is also being 
assessed in Moscow by the Lebedev 
Physics Institute, which acts as 
coordinator. The GDR and Czecho- 
slovakia appear to be especially con- 
cerned with the development of 
sophisticated electronic and optical 
equipment. 

Such devolution and specialisation, 
if carried through, could well provide 
a new impetus to a programme in 
which, to date, one or two non-Soviet 
experiments at a time have been in- 
cluded in a still largely Soviet project. 

The growing participation of mem- 
ber countries in the back-up research 
for manned space flights is another 
new feature of Comecon space 
research. The recent joint ‘‘Biosput- 
nik” programme, according to a 
statement from Professor Stanislaw 
Baranski, Chairman of the Commis- 
sion on Biology and Space Medicine 
of the Polish Academy of Sciences, 
has shown that three weeks in condi- 
tions of weightlessness “‘posed no 
danger” to the locomotor system or 
to muscle and bone tissue, but that 
the adrenal gland functions ‘revealed 
changes typical of stress”. Similarly, 
the Hungarian Joliot-Curie Radiation 
Biology Institute has developed a 
model which absorbs various types of 
radiation in the same way as does the 
human organism. Although other, 
more conventional applications of 
this model are possible, notably in 
monitoring laboratory and industrial 
radiation hazards, its application to 
space research is especially em- 
phasised. 

This participation in space biology 
by the non-Soviet members of Come- 
con, which will continue with another 
“Biosputnik” project next year, 
raises the question of possible parti- 
cipation by Comecon crew members 
in Soviet space flights. Soviet space 
planning is greatly influenced by the 
concepts of Tsiolkovskii, who envis- 
aged a large permanent orbiting 
space station as a sine qua non for 
any exploration deeper into space, 
and among the crew of several hun- 
dreds which he postulated for such a 
station, room for a token number of 
participants from Comecon member 
countries could presumably be found. 
The Soviet Academician Boris Pet- 
rov, Chairman of the Interkosmos 
Council, discussing the new Comecon 
space agreement, has meanwhile said 
that the Soviet Academy of Sciences 
is to hold talks in the near future 
with NASA about further coopera- 
tion in manned spaceflight. 

Vera Rich 
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Immunisation clearance 

A major hurdle to President Ford’s 
$130 million nationwide programme of 
immunisation against swine ’flu has 
been removed with the successful pas- 
sage through Congress of legislation 
providing for individual claims for 
damages as a result of inoculations to 
be filed against the government. Mr 
Ford last week signed the bill introduc- 
ing | ederal liability following threats of 
withdrawal from vaccine manufacturers 
themselves unable to arrange cover 
with private insurance companies. 
Under the new law injured parties 
would sue the government which could 
in turn sue programme officials accused 
of negligence or malpractice. 


Marine conservation moves 
Good news and bad for marine conser- 
vationists The bad news came last week 


PROGRESS in science depends on the 
communication of the results of 
research between scientists There 
are those who think that the usual 
channels—the learned journals—do 
this inefficiently, and who propose 
novel techniques, but in practice the 
old methods continue. However, 
journals can only do their job if 
scientists submit papers describing 
their work, and if editors select good 
papers and reject bad ones. 

This selection means that some 
sort of censership operates, however 
much we may dislike the idea. Papers 
are refused because they are badly 
presented, or because their scientific 
content is considered unsatisfactory. 
Unfortunately many scientists cannot 
write clearly, and some ignore the 
instructions about presentation given 
by the journals to which they submit 
their work. Editors consider them- 
selves justified in refusing badly 
written papers, but if the work 
described is good, they should .try to 
encourage the author to resubmit an 
acceptable draft Unfortunately few 
editors have the time to rewrite a 
manuscript, and therefore the results 
of some good work may be lost. 

Fortunately for editors, in many 
university departments or research 
institutes the writings of junior 
workers are vetted by their senior 
colleagues, and this may ensure a 
proper standard of presentation and 
content. Generally this system works 
well, but occasionally the publication 
of valuable results is unnecessarily 
delayed by what amounts to internal 
censorship There are those who are 
so obsessed by the bogy of premature 
publication that they always advise, 


when Britain, having lodged an objec- 
tion with the North East Atlantic 
Fisheries Commission against con- 
tinued overfishing of herring in inter- 
national waters, itself decided to ex- 
ceed the commission’s recently-set 
catch quotas. Britain had earlier called 
for a complete ban on North Sea her- 
ring fishing, and only the Norwegian 
Prime Minister has asked his country’s 
fishermen not to exceed existing catch 
limits when the exclusive economic 
zone extends to 200 miles. 

The good news arrived with agree- 
ment between Brazil, Japan, South 
Africa and the USSR on catch figures 
for minke and sei whales in southern 
oceans over the next year The new 
shares are based on reduced overall 
quotas set by the International Whaling 
Commission during its recent annual 
meeting ın London. 


or even insist on, delay. At the same 
time many scientists find writing up 
their work to be tedious and difficult, 
and again they delay publication. 
Research workers who accept public 
money and then delay or do not 
publish their results could be con- 


Censor judgment 


KENNETH MELLANBY 


sidered guilty of fraud to the 
scientific community 

To judge the scientific merit of 
papers offered to them, editors 
usually rely on expert referees. Most 
referees take their duties responsibly, 
and make satisfactory assessments. 
Unfortunately some referees are pre- 
judiced and recommend rejection of 
results contrary to their precon- 
ceptions; editors must be on their 
guard against this type of censor- 


Animal experiment proposals 
A memorandum from a Parliamentary 
committee urging tighter controls over 
laboratory experiments with animals is 
now before the UK Home Secretary, 
Mr Roy Jenkins The memorandum 
calls for new legislation more appro- 
priate to modern experimental require- 
ments, a more stringent system of 
licensing, and an increase in the num- 
ber of government inspectors. It also 
urges an enlargement and greater 
powers for the Home Office Advisory 
Committee on Animal Experiments, 
which has met only 7 times in 10 years 
The memorandum marks the. launch- 
ing of Animal Welfare Year and co- 
incides with the centenary of the still 
current Cruelty to Animals Act Last 
year saw a 3.3% drop in the number 
of experiments with living animals in 
Britain to just over 5 3 million. 


ship Even with the greatest care, 
however, mistakes are made, as it 
may be hard to distinguish originality 
from idiocy. Outstanding scientists 
whose work is rejected may console 
themselves with the knowledge that, 
if 1t is good, recognition will not long 
be delayed Unfortunately many of 
the unrecognised geniuses who com- 
plain that their work remains un- 
published have little of worth to 
contribute to science 

The most controversial issue is the 
use of censorship on moral or ethical 
grounds. Most scientists consider that 
certain types of cruel animal experi- 
ments should be forbidden, and some 
journals have a policy of refusing to 
print articles describing such work. 
Papers describing what are con- 
sidered to be unethical medical prac- 
tices are also refused by a number 
of editors. At first sight this type of 
censorship seems to be justified, but 
has an editor the right to assume 
this “holier than thou” attitude? If 
the work is of scientific importance, 
or is likely to advance medicine sub- 
stantially, has he a right to suppress 
it in this way? 

If a research worker has done 
something which is illegal, or which 
contravenes the conditions of a 
vivisection licence, he should perhaps 
be warned of the possible conse- 
quences of the publicising of such 
acts. Editors may need to take legal 
advice regarding their possible lia- 
bility for publishing such results. 
But scientific merit must surely 
remain the criterion by which 
scientific research and publication is 
judged Unethical practices should be 
prevented, but not by censorship. 
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Scientists in Argentina 


Sirn,—My intention in writing this 


letter is to present another point of . 


view regarding the position of scientists 
in Argentina. The letter written by 70 
Italian scientists (July 22, page 253) 
has indeed surprised me. 

I can remember that a law identical 
to the one which the Italian scientists 
referred to (Ley de Prescindibilidad) 
was passed two years ago by the 
constitutional government of Argen- 
tina. Under that law the Peronist 
government “released from duty”, for 
“reasons of service” with no further 
justification, thousands of public 
workers from both scientific and non- 
scientific institutions. It is funny that 
at that time this group of Italian 
scientists did not air complaints. In this 
previous instance the Minister of Edu- 
cation of the Peronist government 
established very clearly a policy 
inspired by the criterion “who is not 
occidental and Christian is subversive”. 
He repeated this criterion in several 
public talks, and again at that time no 
complaints from this group of Italian 
scientists were heard. : 

If scientists are interested in the 
advancement of science and not in 
politics then they should be impartial 
in judging the internal political situa- 
tions that affect a scientists work, 
especially in South America where 
these problems very frequently arise. 

Subversion in Argentina could be 
found in every department and institu- 
tion of the government. Subversives 
are not only those who plant bombs; 
they are also those who support the 
“guerrilla” in different ways, those who 
steal public money and those who use 
power to their own benefit. Argentina 
is now fighting for its survival against 
these groups and fortunately it is 
winning. Of course there may be some 
unjustified cases in which an innocent 
person is “released from duty”, but 
many moré innocent people lost their 
lives in bombings and terrorist acts. 

I am completely sure that among 
the 550 scientists (according to the 
Italian scientists’ letter) who lost their 
jobs there might be a few innocent 
victims. These mistakes are unavoid- 
able; but there are also many more 
who have used their public jobs for 
political activism. I know personally a 
number of scientists who in many 
years have not published a single paper 
describing their research. Apparently 
there was no research which suited 
their personal interest; only politics. 


During these many years the tax- 
payers paid their salaries. 

It is not true that leftist people are 
being pursued in Argentina. Terrorists 
and guilty people, disregarding their 
political preferences, are being pur- 
sued. Numerous rightist members of 
the last government are now in jail 
because of mismanagement of public 
funds and robbery. 

Because of the economic disaster 
produced by the previous government 
scientific institutions had to cancel 
their subscriptions to practically all 
scientific publications. Since I am 
temporarily in the USA continuing my 
research, I am perhaps one of the few 
Argentinian scientists who can read 
Nature and other publications in my 
field of interest. My colleagues in 
Argentina are not so lucky. 

It is very difficult for Italian 
scientists to imagine the real situation 
in my country in all aspects (not only 
science) over the past four years. For 
that reason I understand that it must 
be difficult for them to state an 
impartial opinion taking into account 
all the facts. Certainly it was an 
incorrect evaluation by these 70 Italian 
scientists that led them to write their 
uncritical letter to Nature. 


Huco Levato 
Kitt Peak National Observatory, 
Tucson, Arizona 


Alternative refrigerants 


Sir,—F. A. Cotton (Correspondence, 
March 25, page 280) attributes to us 
the suggestion that, “if we do not 
choose to give up refrigerators, we may 
have to continue tolerating atmospheric 
pollution by chlorofluorocarbons, even 
if we ban aerosol cans”. In fact, we 
made no such suggestion, as any 
reader can verify (Correspondence, 
March 4, page 8). Our letter dealt with 
facts only, and we suggested that any 
decision to ban R-12 take those facts 
into account. 

Cotton states that “refrigerators... 
normally release their refrigerant gas 
only when junked”. Actually, the 
reverse is usually true; refrigerators are 
junked once their moving parts are so 
worn that they can no longer retain 
the refrigerant for a reasonable length 
of time For this reason alone, Cotton’s 
suggestions for laws promoting the 
recovery of refrigerant from refrigera- 
tors would not solve the problem of 
chlorofluorocarbon refrigerant release 
to the atmosphere. 


‘quested by 


W. J. Megaw (Correspondence, May 
6, page 261) says a short release time 
of two years for a refrigerant is partly 
due to freeze drying applications and 
partly due to head and tail collisions of 
automobiles containing air con- 
ditioning systems. A Bureau of Domes- 
tic Commerce study (Economic Signi- 
ficance of Fluorocarbons, December 
1975) does not identify freeze drying as 
a significant source of fluorocarbon 
emission. The one- to two-year re- 
placement time for automobile refriger- 
ants is again due to leakage; automobile 
air conditioners are of necessity light 
weight and are subjected to vibrations 
and temperature extremes of the 
automobile engine. Automobile air 
conditioners use R-12 exclusively. 

The BDC study attributes R-22 as 
being 30% of the total refrigerant used, 
not 50% as Megaw states. R-22 is used 
primarily in building air conditioning 
where low temperature is not required. 
Commercial and home refrigerators 
and freezers use R-12 almost exclu- 
sively. R-12 and R-22 are not inter- 
changeable in existing refrigeration 
equipment, valued at $100,000 million, 
because they have quite different 
physical properties. Total replacement 
of R-12 and R-22 wguld require re- 
designing many refrigeration systems. 
These refrigeration systems will 
necessarily be more expensive since 
they must operate at higher pressures. 
Difficulties posed by compressors burn- 
ing out have thus far prevented the 
use of R-22 in refrigerators and 
freezers This design problem is a con- 
sequence of the high heat of compres- 
sion, low density and high specific 
heat of R-22. i 

Model calculations by Sze and 
others indicate that an additional two 
years of fluorocarbon production will 
lead to 01% additional ozone reduc- 
tion. This assumes an infinite tropo- 
sphere lifetime for R-11 and R-12, that 
is, a maximum reduction in the ozone. 
We believe that.an immediate ban on 
refrigerant or aerosol propellent uses 
of R-11 and R-12 would be unwise in 
view of present uncertainties in the 
theory. The two-year moratorium re- 
industry to continue 
research programmes that began over a 
vear apo, and which have already been 
fruitful, is very reasonable. 

THOMAS J LECK 

Jonn W. BIRKS 
School of Chemical Sciences, 
University of Illinois, Urbana ° 
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Assumed dipolar geomagnetic field 


from Peter J. Smith 


Waen Johnson et al. (Terr. Magn. 
atmos. Elect., 53, 349, 1948) carried 
out their early palaeomagnetic work on 
recent Pacific sediments and the 
Holocene glacial clays of New England, 
they clearly saw their studies as just 
part of a much grander design. In res- 
pect of the.wider aim their point was 
that “in order to determine the origin 
and nature of the Earth’s magnetic 
field and to test the various, hypotheses 
which have been advanced to explain 
the field, it is desirable to determine 
the history of this field throughout 
geologic time and to investigate more 
carefully its spatial variations, both in- 
side and outside the Earth’s surface”. 

As it turns out, it has been possible 
to make progress on the origin of the 
geomagnetic field largely without in- 
voking the geological time dimension, 
and to this limited extent Johnson and 
his colleagues were mistaken. The self- 
exciting dynamo, the only viable field 
source known,*may be regarded as an 
explanation of the present and recent 
fields without necessarily accepting that 
the details of any dynamo model ap- 
plicable to today’s field were valid 
throughout the Earth’s history. Since 
the dynamo was discovered, detailed 
models have, of course, been extended 
to the geological time scale by the in- 
corporation of field reversals and field 
intensity fluctuations, and for this and 
other reasons it is implicit in most 
modern models that the geomagnetic 
field has always been predominantly 
dipolar But there is nothing in the 
dynamo principle as such that would 
preclude higher order fields in the past; 
and to the extent that more than the 
principle is applied to- past ages, the 
dipolar nature of the field could be 
said to appear as an assumption. 

.It also appears as an assumption in 
most studies involving palaeomagnetic 
directions. Until the 1950s, palaeo- 
magnetists generally felt that sufficient 
measurements would | make it possible 
to define the morphology of the geo- 
magnetic field throughout much of the 
Earth’s life, subject only to the avail- 
ability of enough rocks with sufficiently 
stable magnetisations. But ironically 
e. 


they were to be thwarted in this by 
their greatest achievement, the quanti- 
tative proof of continental drift. Once 
it became clear that continents had 
moved, it became equally evident that 
no simple test for dipolarity based on 
a stationary frame of reference could 
exist beyond very strict limits. It would 
be impossible to separate easily the 
effects of definitely moving rocks from 
those of possibly changing field shapes. 

So the dipole assumption now ap- 
pears in two different situations, 
making: it just as desirable to deter- 
mine the history of the geomagnetic 
field as it was in the time of Johnson 
et al. But how can the dipole hypo- 
thesis be put to the test? As far as 
very recent times are concerned there 
is no problem, for movement of the 
reference frame resulting from drift- 
ing continents has been small and 
changes in palaeomagnetic pole posi- 
tions on that account have been within 
the errors of measurement. Thus more 
than a decade ago, Irving (Paleo- 
magnetism and Its Application to 
Geological and Geophysical Problems, 
Wiley, New York, 1964) showed that 
the eleven then-available poles cover- 
ing approximately the past 7,000 yr 
were grouped around the present geo- 
graphic pole, and McElhinny (Palaeo- 
magnetism and Plate Tectonics, Cam- 
bridge University Press, 1973) has 
shown that British archaeomagnetic 
poles taken at 100-yr intervals from 
AD 1900-1000 and ap 300-100 were dis- 
tributed likewise. Both results suggest 
that during the past few thousand years 
at least the geomagnetic field has been 
dipolar and that on average the dipole 
lay along the rotational axis. 

In practice, this test may also be 
successfully extended somewhat further 
back in time. According to McElhinny, 
for example, 67 poles covering the past 
5 Myr are clearly grouped around the 
geographic pole with a mean pole at 
88.8°N, 131.9°E. Opdyke and Henry 
(Earth planet. Sci. Lett., 6, 139; 1969) 
showed that palaeomagnetic inclina- 
tions from 52 deep sea sediment cores 
less than 3 Myr old were in close agree- 


ment with those to be expected from 
an axial geocentric dipole. And_Tarling 
(Principles and Applications of Palaeo- 
magnetism, Chapman and Hall, 
London, 1971) has even shown that 
poles from igneous rocks up to 20 Myr 
old are grouped around the geographic 
pole, albeit with a greater scatter than 
for shorter, more recent periods. 
Wilson and Ade-Hall (in Palaeogeo- 
physics, Academic, New York, 1970), 
on the other hand, found a tendency 
for Quaternary and Upper Tertiary 
poles from individual regions to lie on 
their respective far sides of the geo- 
graphic pole. On the face of it, this 
would seem to call in question the 
average axial nature of the dipole, 
although Wilson (Geophys. J., 19, 417; 
1970) attributed the phenomenon to 
deviations from geocentricity; the axial 
dipole is apparently shifted northward 
with respect to the Earth’s centre. In 
any event, the effect is small enough to 
be regarded as a second approximation. 
In no case is the basic dipolarity of the 
field in question; on the contrary, the 
dipole assumption is strengthened. 
Beyond the Upper Tertiary, how- 
ever, interference from continental 
movements causes difficulty. Over the 
longer geological period, poles of 
similar age from different regions of a 
single rigid landmass seem to be con- 
sistent with an average axial dipole, the 
variation of the dispersion of palaeo- 
magnetic directions with palaeolatitude 
is usually comparable with that to be 
expected from the present dipolar field, 
and palaeolatitudes calculated on the 
axial dipole hypothesis are broadly 
consistent with latitude-dependent 
palaeoclimatic indicators. But none of 
these can be regarded as a rigorous test 
of dipolarity; the best that can prob- 
ably be said is that there is little evi- 
dence actually to refute the dipole. The 
new test for dipolarity and its applica- 
tion to the Phanerozoic, reported by 
Evans on page 676 of this issue of 
Nature, is thus very welcome, although 
other tests may still be required before 
the persistence of the dipole can be 
said to be scientifically certain. 0 


644 


IT is not unreasonable to suppose that 
a predator normally reduces the 
numbers of its prey, but there are 
certain exceptions to this general 
principle. One example emerged from 
the experiments of Porter (Nature, 
244, 179; 1973) on the grazing of zoo- 
plankton upon planktonic algae. In a 
small mesotrophic Jake in Con- 
necticut she enclosed water samples 
in 0.5m° polythene bags and arti- 
ficially enriched the population of 
zooplanktonic grazers within some of 
these. After four days Porter sampled 
the various bags and determined 
whether each of the phytoplanktonic 
taxa represented had decreased or 
increased in density. 

Flagellates, nanoplankton and dia- 
toms were suppressed by raised graz- 
ing pressures; desmids, dinoflagellates 
and chrysophytes were unaffected but, 
rather surprisingly, the larger green 
algae increased in density under more 
intense grazing. The unaffected 
groups were rarely found in the guts 
of the grazers; they were probably 
selectively avoided. The greens, par- 
ticularly those species with a gelatin- 
ous sheath around their cells, were 
found to be viable after passing 





Predator or prey? 


Peter D. Moore 





through the guts of grazing zoo- 
plankton. Porter suggested that the 
fragmentation of larger colonies of 
gelatinous greens in Daphnia guts 
could enhance population. growth 
rates. She also considered it possible 
that the gelatinous.sheaths could pro- 
tect the cells against digestive 
enzymes and yet allow the cells to 
take up inorganic ions and small 
molecules even within the animal’s 
gut. g 

Porter has now put these ideas to 
the test (Science, 192, 1332; 1976) in 
a series of experiments involving 
radioactive tracers. The colonial alga 
Sphaerocystis schroeteri, which has a 
mucilage sheath, was fed to the 
grazing crustacean Daphnia magna, 
together with the desmid Ankis- 
trodesmus falcatus (no mucilage 
sheath) which had been supplied 
with NaH“CO,; and K:H”PO;,. Sub- 
sequent sectioning and autoradio- 
graphy of the Daphnia gut showed 
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How closely should continents fit together? 


A RECENT article by Hallam (News 
and Views, 262, 94; 1976) in which 
my paper on global expansion and 
continental displacement during the 
Mesozoic and Cenozoic (Phil. Trans. 
R. Soc., A281, 223; 1976) is reviewed, 
contains certain factual errors which 
need to be corrected. Less important 
is his initial statement that I have 
argued post-Pangaea continental dis- 
placement to be a consequence of 
global expansion since the early 
Jurassic. This is not entirely correct, 
and the importance of, the role of 
convection in the asthenosphere in 
the production of the Earth’s oceanic 
crust is implicit throughout the paper. 
The continental geological informa- 
tion, oceanic-floor spreading patterns 
and the distribution of present and 
former subduction zones ‘during the 
last 180 Ma indicate global expansion 
at the rate envisaged in my paper. 
These data do not support the concept 
of an Earth of constant modern 
dimensions, as progressive subtraction 
of isochronous oceanic crustal area 
on such a model readily shows. 
Hallam cites three examples of 
areas of continental crust which occur 
in the magnetic quiet zones, and 
which might affect the fit of the con- 
tinents together to reform Pangaea 
such as that given in my maps. The 
paper by Jansa and Wade (Geol. Surv. 


Canada Pap., 14-(30)2, 51; 1975) to 
which he refers actually describes the 
submerged continental shelf off New- 
foundland including Flemish Cap. It 
is indeed continental crust and is 
shown as such on my maps. The 
adjacent Atlantic oceanic crust with 
its typical seismic and magnetic 
characteristics is well described by 
Grant (Geol Surv. Canada Pap., 
74-30(2), 217; 1975) in the same 
volume. The magnetic quiet zone east 
of the Voring Escarpment described 
by Talwani and Eldholm (Bull. geol. 
Soc. Am., 83, 3575; 1972) is also in- 
cluded in my maps as continental 
crust; the area to the west of it shows 
simatic crustal characteristics. ` The 
paper by Burollet and Byramjee 
(Notes Mém. Comp. Fr. Pétroles, 11, 
71; 1974) does not provide definitive 
evidence that widespread crustal areas 
off the continental shelf of Africa 
consists of {.downfaulted continental 
crust. The evidence available does in- 
dicate that east .of the margin of the 
east African continental shelf, a thick 
sequence of sediments occurs prob- 
ably extending back into the mid- 
Mesozoic as in the case of the eastern 
region of the Wharton Basin adjacent 
to the Australian continental shelf. 
The continental shelf off Tanzania 
shown on my maps has a sequence 
of sediments extending back into the 
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that both *P and “C had been taken 
up by Sphaerocystis from the broken 
cells of Ankistrodesmus. “C uptake 
was enhanced by light, suggesting 
that its uptake was autotrophic. Thus 
nutrient supply, as well as the phy- 
sical dissociation of algal colonies, 
may contribute to the observed en- 
hancement in population growth rate. 
Porter has now been able to quantify 
the enhancement, for in a controlled 
experiment, the population of algae 
which thad passed through a Daphnia 
gut had grown by 63% in 24h. 
Ungrazed populations were un- 
changed in the same period. 

Porter points out that the muci- 
laginous green phytoplanktonic taxa 
like Sphaerocystis ‘have -summer 
rather than spring blooms. At this 
time free nutrients in the water are 
depleted and the guts of grazers pro- 
vide a locally enriched microhabitat. 
Porter refers to the relationship as 
one of ‘nascent symbiosis’ between 
acquatic plants and grazing animals. 
But it is certainly not a mutualistic 
one. It is a refreshing example of an 
evolutionary confidence trick where- 
by the hunter is exploited by its 
supposed prey. 


Palaeozoic (Kent and Perry (Sedi- 
mentary Basins of the African Coasts 
(Edit. by Blant, G.) 2, 113; 1973) and 
Kent and Tarling (Nature, 261, 304; 


1976)). The examples given by 
Hallam, therefore, cannot be con- 
sidered as convincing evidence 


against the major geometric prob- 
lems considered in my paper, and 
indeed, the mounting geological 
evidence against the triangular Tethys 
Ocean required by constant dimen- 
sions reconstructions cannot be 
ignored (and this specific problem is 
recognised by Burollet and Byramjee 
(op. ciù). 

Hallam refers to the controversy 
about the original position of Mada- 
gascar in the Gondwanaland recon- 
structions. There is evidence that 
Madagascar reached its northern posi- 
tion relative to the eastern African 
margin in the early Mesozoic, having 
moved northward during the Palaeo- 
zoic in response to pre-Pangaea 
crustal movements. The evidence put 
forward by Flores (Trans. geol. Soc. 
S. Afr., 73, 1; 1970) for a position of 
Madagascar adjacent to South East 
Africa and Rhodesia—Mozambique 
during the deposition of the lower 
Karroo should be given careful con- 
sideration by workers interested in 
this area. 

H. G. OWEN 
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How approximate are the laws of plate tectonics? 


HarLaM (News and Views, 262, 94; 
1976) has commented on a paper by 


Owen (Phil. Trans. R. Soc., A281, 223; 


1976) who put forward a case for very 
substantial recent expansion of the 
Earth. Both writers discussing this 
problem (and certainly the history of 
G is still a very open question, (Lewis, 
Nature, 261, 302; 1976) ) appear to base 
their arguments on what Hallam terms 
a fundamental tenet of plate tectonics, 
“that the amount of crust created at 
ocean ridges must equal the amount 
subducted elsewhere”. This is in fact, a 
law of constancy of mass of both 
oceanic and continental crust. The pur- 
pose of this comment is to point out 
that such a basic tenet cannot hold 
exactly for a body like the Earth which 
is mixing as it cools. A major problem 
of our science today is to find out just 
how approximate such laws really are. 
It also seems that if continents are to 
fit like pieces of a puzzle, there must 
also be laws of constancy of area and 
shape. Again, this cannot be exact for 
we know that the processes which lead 
to separation change thickness. 

While at present we certainly cannot 
exactly quantify ‘major earth-shell 
interactions, certain facts must be con- 
sidered and I would here draw atten- 
tion to a few examples: 

(1) The rate of delivery of potassium 
to the oceans by solution processes 
alone is about 7X10" g yr™, If such a 
value was typical throughout Earth 
history, then a mass of potassium 
equivalent to gll that present in the 
continents would be delivered to the 


Reply 


HALLAM REPLIES: 
my News and Views article should have 
provoked Fyfe into writing his interest- 
ing letter giving geochemical reasons 
why the ‘basic tenet’ that crust created 
equals crust destroyed cannot be 
exactly true. It is indeed apparent that 
continental crustal ' thickness must 
change when separation takes place; 
the remarkable fact is that computer- 
based ‘jigsaw fits’ are for the most part 
so accurate to a first approximation. I 
feel no need to make further com- 
ments but Owen’s letter calls for a 
brief reply. 

My purpose was less to review 
Owen’s paper than to use it as an 
excuse to discuss [some awkward 
anomalies in continental fits which 
have not been adequately acknow- 
ledged or discussed by Earth scientists. 
I cited the Jansa and. Wade, and Tal- 
wani and Eldholm, papers as examples 


of detailed recent work undermining 
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I am pleased that ` 


` tedly, 


oceans in about 5X10’ yr. If we add 
the particulate contribution then the 
rate of removal of continents is much 
faster. As stated by Gilluly, Waters 
and Woodford (Principles of Geology, 
Freeman, 1975) “were the present rate 
of erosion for the United States main- 
tained without further uplift or isostatic 
rebound, the country would be reduced 
to sea level in about 14 m.y.” 

(2) According to Sibley and Vogel 
(Science, 192, 551; 1976) “pelagic 
sediments, in contrast to other sedi- 
ments, are not usually recycled; most 
are subducted and therefore act as a 
geochemical sink”. Assuming some 
truth to this statement, then, as the 
rate of formation of pelagic sediments 
with about 3% potassium is about 
1'km* yr’, again this would subduct 
all continental potassium in 5X 10° yr. 
The formation of such sediments in- 
volves the oceanic mixing process and a 
potassium atom ‘from the Mississippi 
may ‘well be subducted at the Chile— 
Peru trench. 

(3) Low K basalt comes up and 
higher K spilite is subducted (Keen, 
Geosci. Can., 2, 36; 1975). The surface 
layers of the ocean floor crust appear 
to average about 1% potassium. While 
there are many uncertainties (Fyfe, 
Geosci. Can., 3, 82; 1976) potassium 
removal by way of spilite subduction 
seems in the same order of magnitude 
as that supplied’ to the oceans by 
solution. 

(4) Low quartz andesites debris 
(graywacke) may well be subducted at 
appropriate sites by way of the re- 
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the reliability of the geometric 500 
fathom fit, with the implication : that 
the same geological situation very prob- 
ably holds for similar continental 
margins elsewhere in the world. The 
African margins are a good example, 
and absolutely crucial to reconstruc- 
tions of Pangaea and to Owen’s 
expanding Earth hypothesis. Yet Owen 
makes no aHowance whatever for a 
broad zone of attenuated and subsided 
crust around this continent (see, for 
instance, his figure 11). The Burollet 
and Byramjee paper does not, admit- 
provide “definitive evidence”, 
because it is in effect a broad- -ranging 
review, and most of the critical data is 
based on unpublished work by oil com- 
panies. The paper does in fact contain 
substantial data for the region off 
Angola which cannot be lightly dis- 
missed. Furthermore, Jansa and Wade 
spell out very clearly, with good 
evidence, that the north-west African 
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actions graywacke-glaucophane schist- 
quartz-phlogopite eclogite. We know 
little of this process except that we do 
know that graywackes are dragged to 
depths of at least 30km to form 
glaucophane schists. 

In summary, there.is good evidence 
that the continents cycle through the 
oceans and back to the mantle at a 
rate that could change crustal balance. 
In the spreading process, leading edges 
(the Andes for example) thicken and 
trailing edges must suffer massive 
erosion, even by solution. During the 
motions there need be no perfect con- 
servation of mass or shape of 
continental crust. 

Finally, it should be noted that the 
present configuration of the Earth 
would not be stable for a cooler, mixed, 
body. In such an Earth, the hydrosphere 
would hydrate the mantle, and 
“continental” elements like K, Na, 
SiO: would form stable compounds 
like phlogopite and pyroxene in the 
mantle. Our crust and hydrosphere, 
even if subducted (Fyfe, loc. cit.) tend 
to be thrown back by thermal processes. 

But if the Earth is cooling, there 
must be increased mantle fixation of 
crustal components because the Earth 
is mixing. If we allow that the com- 
bined influences of all the above 
mentioned processes, subduct the con- 
tinental mass about each billion years, 
then we could lose 20% in 200 Myr. 
Perhaps the interesting fact is that the 
steady-state approximation of plate 
tectonic theory is rather good. 

W. S. Fyre 


continental margin is virtually a mirror 
image of that off eastern Canada and 
the United States. As for Madagascar, 
it is not very helpful to cite once again 
the much discussed paper by Flores. 
His purely geological arguments for a 
southerly position of that island can be 
countered by other geological argu- 
ments for a more northerly fit. The 
point is that the arguments based on 
geological comparisons with mainland 
Africa have proved indecisive, and that 
is why the palaeomagnetic results of 
McElhinny and Embleton are so 
important. 

In conclusion, I repeat that I find 
Owen’s paper a stimulating one which 
deserves to be widely read, even though 
I am sceptical about his interpretation. 
If it serves to point up critical areas 
for further analysis it will have served 
a very useful purpose whatever one 
thinks of the conclusions. 

A HALLAM 
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Irreproducible 
results 


from Robert M. May 


CONSIDER the following game, played 
with the combinatorial theorist’s mythi- 
cal urn containing black and white 
balls. Initially the urn contains only 
two balls, one black and one white. 
Choose one ball at random from the 
urn, note its colour, and then replace 
it plus a new ball of the same colour 
as the chosen ball. The game thus pro- 
ceeds, each round consisting of the 
random selection of one ball from the 
urn and replacement of this ball to- 
gether with a new ball of the same 
colour. After N such rounds, the urn 
will contain a total of N+2 balls. 

After many rounds, the urn will 
contain a large number of balls. What 
fraction of the balls will be white? The 
reader is invited to pause here, and to 
make a determined effort to guess the 
answer. 

The answer is that for large N the 
proportion of white balls will tend to 
converge to some limiting value, p say: 
but this limiting value p is equally 
likely to take any value between 0 and 
1. That is, when I play this game my 
plot of the proportion of white balls in 
the urn as a function of the number of 
rounds (or, equivalently, time) will 
exhibit some initial wiggles, but will 
eventually settle to a steady flat line 
corresponding to, say p=0.391... When 
you play the game you see similar 
initial fluctuations, which damp out as 
the total, number of balls gets large, 
and your experiment will similarly 
settle to some steady but different value 
of, say, p=0.893.., and so on. Each 
run of this experiment will yield to 
the experimenter an illusion of deter- 
minism, as his results settle to a steady 
limiting value; this value is, however, 
a random variable, differing from one 
experiment to the next, and determined 
largely by the statistical vagaries of the 
first few turns. 

In short, this simple game provides 
an example where an underlying stoch- 
astic process gives results which appear 
deterministic {at least to the person 
who witnesses but one run). It is, in a 
sense, the mirror image of the phenom- 
enon I recently reviewed (Nature, 
261, 459-467; 1976) whereby simple 
deterministic processes can produce 
results which appear indistinguishable 
from random fluctuations. 

The above game has been known to 
mathematicians for some time, and has 
been discussed in relation to the spread 
of infection (Eggenberger and Polya, 
Zeit. angew. Math. Mech., 3, 279-289; 
1923) and to stochastic population 
growth (Blackwell and Kendall, J. appl. 
Prob., 1, 284-296; 1964), but the basic 








messages have tended to become buried 
under mathematical encrustations. 
Cohen (BioScience, 26, 391-394; 1976), 
in a paper exuberantly entitled ‘“‘Irre- 
producible Results and the Breeding of 
Pigs (or Nondegenerate Limit Random 
Variables in Biology)”, ‘has disinterred 
the phenomenon, and suggested that it 
may have widespread relevance in 
population biology. : 

Geneticists such as Robertson (Proc. 
R. Soc. Lond., B153, 234-249; 1960) 
and Hill (Biometrics, 30, 363-366; 
1974) have realised that this urn-and- 
ball game captures some of the essen- 
tial features of plant and animal breed- 
ing programmes, and that replicate 
lines from the same initial population 
can be very different in the limit they 
reach. Cohen suggests that similar 
“nondegenerate limits” may arise in 
many ecological contexts. For example, 
differences in successional sequences 
and in climax states in apparently 
similar habitats may not be due to 
causal differences between habtitats, 
but may arise as variations in an 
ensemble of habitats (ultimately depen- 
dent on the statistical accidents of early 
colonisation). Differences in ‘“‘species 
composition on apparently similar 
islands may result from the operation 
of identical forces which produce regu- 
larity only in an ensemble of islands. 
Differences in the sizes of prides of 
lions or in the social organisation of 
troops of Japanese macaques may 
reflect the inherently but lawfully 
variable outcome of identical underly- 
ing forces, rather than deterministic 





Bibliography of plant 
genetic resources 


DurinG the replacement of traditional 
crops by new varieties a great deal of 
the potential genetic variation present 
in the old varieties and their wild 
relatives has been lost. Over the past 
two decades however, interest in the 
‘conservation and use of the plant 
genetic resources that remain has been 
rapidly growing. The literature on the 
subject has naturally grown with it, and 
the first extensive bibliography of work 
in plant genetic resources has just been 
produced. It has been compiled by 
J. G. Hawkes, J. T. Williams and Jean 
Hanson of the University of Birming- 
ham and as well as covering the litera- 
ture devoted specifically to crop genetic 
resources, there is also extensive cover- 
age of crop origins, variation and evolu- 
tion, along with appropriate references 
in ecology, genetics, practical agricul- 
ture, phytopathology, and entomology. 

The bibliography is produced by the 
International Board for Plant Genetic 
Resources and can be obtained from 
FAO, Rome. 
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ecological differences’. Most of these 
suggestions have been made previously 
by other people, but not in so precise 


a form. 


_ Turning to behaviour, Cohen sug- 
gests that it is “possible that some of 
the significant differences among 
mother-child interactions, which are 
obvious by the time a child reaches 
five years of age, are due neither to 
inherent differences among individuals 
nor to environmental differences, but 
to sequentially dependent random 
forces applying equally to all mother- 
infant pairs”. 

Cohen concludes on a metaphysical 
note. If we had been born in another 
universe which had started from 
exactly the same initial conditions as 
our present one and which had been 
subject to the same dynamics, would 
we necessarily infer the same laws of 
nature as we infer for this universe? 
The urn-and-ball game holds the sug- 
gestion that our present Universe may 


be an irreproducible result. D 
Human 

e e 
trypanosomiasis 
‘today 
from F. E. G. Cox 
TRYPANOSOMIASIS has received a 
considerable amount of attention 


recently (see Nature, 249, 677; 1974; 
262, 85; 1976 and the Pan American 
‘Health Organisation Symposium on 
New Approaches to American Trypano- 
somiasis, 1975) and the latest number 
of the Transactions of the Royal 
Society of Tropical Medicine and 
Hygiene (70 part 2, 1976) contains a 
refreshingly summarised statement of 
the current status of this group of 
diseases under the title ‘“Trypano- 
somiasis Today”. Missing are the 
results of biochemical, ultrastructural 
and immunological studies that have 
made this field so attractive to many 
scientists over the past few years and 
instead there is basic information em- 
phasising the need for sustained effort 
to be applied in the field and in the 
pharmaceutical laboratory. 

In Africa, human trypanosomiasis, 
or sleeping sickness, is still widespread 
in the tsetse fly-infested areas where 
it exists in the form of unstable “con- 
trolled endemicity” (de Raadt, Trans. 
R. Soc. trop. Med. Hyg., 70, 114; 1976) 
Even in West Africa where the disease 
is under control in many places the 
number of new cases is increasing by 
about 10 per 100,000 people and there 
were 2,511 recorded new cases in 
Africa in 1974. This is a vast improve- 
ment on the 1970 figures of 9,140 but 
trypanosomiasis is still prevalent and 


Nature Vol. 262 August 19 1976 


the problem of “controlled endemicity” 
is that the movements of individuals 
and populations and any decrease in 
control measures are likely to bring 
about epidemics. 

It is true that without control 
measures the situation would be worse 
than it is now and some of the success 
is due to the introduction of the drug 
pentamidine in 1949. No new drugs 
have been developed for field use for 20 
years, however, (Williamson, op. cit., 
117). Pentamidine is only useful during 
the early stages of the disease and 
resistance to it has been recorded. The 
commercial production of other useful 
drugs is very restricted. 

The immunological control of sleep- 
ing sickness is unlikely because humans 
seem to be unable to mount a good 
immune response to natural infections 
and because the parasites are capable 
of antigenic variation (Gray, op. cit., 
119) so control of the tsetse fly remains 
the best hope for eradicating this 
disease. The objective of insecticide 
control has been to eradicate the 
genus Glossina from a particular area 
and ground spraying has been quite 
successful, for example, in Nigeria, 
27,500 km’ of riverine area have been 
cleared of G. morsitans but in its 
natural habitat, the savannah, this 
species may present a different problem 
(Jordan, op. cit., 128). The application 
of insecticides from the air is a 
relatively recent innovation and 
although the results are promising it is 
too early to evaluate this success. 
Without doubt insecticides will have to 
be used for seme time to come while 
the possibilities of genetic and bio- 
logical control are being investigated. 
Jordan points out that the tsetse flies 
are acting as conservation agents 
maintaining the status quo in Africa. 
Advances in trypanosomiasis control, 
tsetse fly eradication and land 
development will have to be carried 
out side by side if anyone is to 
benefit from such schemes. 

Human trypanosomiasis in South 
America is called Chagas’ disease and 
35 million people are afflicted. Control 
of this disease is a major problem be- 
cause man shares it with 100 species 
of wild mammals and up to 100 species 
of bugs that might transmit it (Minter, 
op. cit., 124). Vector control, either by 
traditional insecticides or new methods, 
provides no immediate hope (Lumsden, 
op. cit., 121) nor does chemotherapy. 
Only eight effective substances have 
been developed in 66 years (Gutteridge, 
op. cit., 123) and of these only three 
are undergoing extensive tests. Lampit 
(5-nitrofuran) may soon be generally 
available but it is not completely 
effective and may have severe side 
effects. Possibly immunisation may be 
useful in the future because the para- 
gite that causes Chagas’ disease does 


not undergo antigenic variation (Lums- 
den, op. cit.). Immunisation is only a 
remote possibility, however, but with 
only three companies testing com- 
pounds against Chagas’ disease and with 
insecticides such as DDT becoming 
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scarce and expensive the immediate 
prospects of eradicating the disease do 
not look good. The increasing scarcity 
and expensiveness of insecticides is also 
a problem in attempts to eradicate 
sleeping sickness in Africa. oO 


Spiral galaxies at Cambridge 


from Vincent Icke 





About 35 astronomers interested in 
the structure of spiral galaxies dis- 
cussed their findings and frustrations 
during a study week at the Institute 
of Astronomy, Cambridge. 





SpiraL galaxies are common, as 
Donald Lynden-Bell (Institute of 
Astronomy, Cambridge) pointed out in 
his introductory talk; considering the 
extremely slow evolution of galaxies, 
this implies that spiral structure in one 
form or another is almost as old as the 
Universe. To be explained are, among 
other things: why spirals occur in disk 
galaxies only; why spiral galaxies 
always contain interstellar gas; why 
any one form of spiral occurs, and why 
some spirals have bar-shaped inner 
parts. Recalling that it seems to be 
very difficult to stabilise a disk of stars 
against a bar-like gravitational instabil- 
ity, Lynden-Bell proposed that such a 
bar does, in fact, develop, and subse- 
quently generates a spiral-shaped shock 
wave in the interstellar gas. After this 
introduction, contributions along six 
main routes followed. 

The problem of the linear stability 
analysis of a differentially rotating disk 
of  self-gravitating point particles 
(stars), has been haunting theorists 
especially after Lindblad’s pathfinding 
attempts to explain galactic spirals as 
a normal mode of oscillation. Alar 
Toomre (Massachusetts Institute of 
Technology) described the analysis of 
a disk wherein all stars have the same 
mean orbital velocity. In such a disk, 
the random velocities of the stars as 
expressed in their distribution function 
(a solution of the Vlasov equation) 
assume a manageable analytic form. 
With his coworker Zang, Toomre dis- 
covered that v=constant disks are, 
surprisingly enough, stable with respect 
to two-armed instabilities, but, an even 
greater surprise, strongly unstable with 
respect to one-armed spiral perturba- 
tions! Quite the opposite has been 
found for disks where the rotation 
curve goes to zero in the centre, as is 
observed in spiral galaxies. In an im- 
pressive piece of analysis, Agris Kalnajs 
(Mt Stromlo and Siding Spring Observ- 
atories) concluded that this inner 
region of solid-body rotation (where 
velocity is proportional to radius) is 


largely responsible for the instability. 
The usual procedure to avoid instabil- 
ities is to reduce the effective mass of 
the stars, by, for example, surrounding 
the disk with a massive halo. Kalnajs 
showed that it is sufficient to introduce 
a ‘nuclear bulge’, that is, a small halo 
near the galactic centre where the rota- 
tion curve follows the solid-body line. 
A decrease of a factor of 4-5 in the 
growth rate of the instabilities was 
readily obtained in this way. Introduc- 
tion of a bulge or halo effectively 
means the assumption of a vertical 
dimension in the disk, and Douglas 
Heggie (Royal Observatory, Edin- 
burgh) showed that this may lead to 
resonant interaction between horizontal 
and vertical stellar motions. Approxi- 
mating the stellar orbits as a three- 
dimensional Lissajous figure, he cal- 
culated that 1-4% of all stars may 
participate in resonances that bring 
them as far as half the disk radius out 
of the plane. 

Linear instabilities attempt to grow 
indefinitely, but are ultimately stopped 
by non-linear effects. The analysis of 
these entails an awesome amount of 
mathematical physics, and has there- 
fore barely begun. Elly Dekker (Sterre- 
wacht te Leiden) described her applica- 
tion of quasi-linear techniques bor- 
rowed from plasma physics to the 
evolution of the particle distribution 
function in a stellar disk. Assuming 
that the potential can be split in a 
large, slowly varying, and a small, 
rapidly varying part, Dekker derived a 
diffusion equation for the evolution of 
the mean particle distribution. If the 
perturbation is stationary in a corotat- 
ing frame, the diffusion coefficients 
depend on the contributions from the 
resonant stars only. She also demon- 
strated that the distribution function 
evolves so as to increase the coarse- 
grained entropy associated with it. 

Bar-shaped distributions of stars are 
dynamically even more complex than 
disks. Some equilibrium models have 
been derived, and Scott Tremaine 
(California Institute of Technology) 
analysed the particular family that is 
obtained by squashing a homogeneous 
tri-axial ellipsoid along its rotation axis 
to zero thickness. He found that these 
bars are unstable if they are nearly 
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circular or rotating very rapidly. The 
remaining configurations are stable, at 
least up to third-order harmonic defor- 
mation. Apparently, rather elongated 
bars can survive when rotating slowly. 

Increasing computational power has 
facilitated numerical studies of gravi- 
tating N-body systems. The main prob- 
lem remains the simultaneous 
modelling of the long and the short 
range forces. Special techniques are 
needed to approximate both close 
encounters and global structure in 
such a way as to preserve the collision- 
less behaviour of the system. Robert 
Berman (University of Reading) gave 
a progress report on a potential-solving 
technique developed by Hockney and 
Brownrigg for a fully three-dimen- 
sional 25,000-body system. Studies of 
disk-halo models with halo potentials 
more realistic than those hitherto used, 
showed that the disk can be stabilised 
against bar formation if the halo is 
only marginally more massive than the 
disk. Also, if bars did develop, they 
often showed structure in their in- 
terior, in the form of nested rings or 
a smaller bar. 

The considerable mathematical dif- 
ficulties arising in the attempt to solve 
the Vlasov equation naturally lead to a 
search for shortcuts, preferably by 
assuming that the system can be de- 
scribed as a gas or similar continuum. 
An especially successful dodge was 
employed by Jim Bardeen (University 
of Seattle) to determine the unstable 
modes of a gaseous disk. He expanded 
the potential to first order in the disk 
thickness, and wrote the resulting equa- 
tions in terms of Legendre polynomials. 
This enabled him to reduce the stability 
problem to a matrix eigenvalue equa- 
tion. Truncating the matrix to 96X96, 
a set of growing modes emerged with 
some interesting properties. An in- 
crease in gas pressure decreased the 
number of growing modes, but did not 
reduce their growth rates very much. 
The potential of the modes was not a 
simple multiple of their surface density, 
unlike the WKBJ modes studied by 
others. Most significantly, the modes 
appeared to be superpositions of 
short-wave partial modes travelling in- 
wards and outwards. The flow of gas 
induced in the plane of a bar-like 
potential depression was studied by 
Karl-Juhan Donner (Institute of Astro- 
nomy), who followed up Lynden-Bell’s 
earlier suggestion, and by Takuya Mat- 
suda (University College, Cardiff), who 
in collaboration with Sorensen and 
Fujimoto employed a 50X30 point 
fluid-in-cell method to obtain a numeri- 
cal simulation of the gas flow in a 
barred spiral galaxy. Matsuda showed 
that standing shocks develop roughly 
parallel to the bar, through which gas 
is deflected so strongly that it rapidly 





A hundred years ago 


The Inclosure and Cone of the present Crater: The Volcano of Réunion, 
from Nature, 14, August 17, 335; 1876. 
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assembles in the galaxy’s nucleus. A 
second pair of shocks, detached from 
the first set, occurred near the region 
where the Keplerian velocity in the 
galactic plane equals the rotation 
velocity of the bar. The behaviour of 
motions out of the galactic plane, in- 
duced by shocks in the disk, was cal- 
culated by Alastair Nelson (University 
College, Cardiff), who found that the 
perturbations propagated almost ver- 
tically upwards, reaching considerable 
amplitudes in the tenuous regions at 
300 pe height. 

The last word, obviously, was for 
the observers, who produced something 
like a fascinating cold shower. Renzo 
Sancisi (Sterrekundig Laboratorium 
‘Kapteyn’, Groningen) produced new 
radio maps obtained with the Wester- 
bork synthesis radio telescope of 
NGCS5383, the best maps of a barred 
spiral obtained to date. Gas was found 
concentrated near the ends of the bar 
and especially in the nucleus. Also, a 
low-brightness disk extending over a 
diameter of fully three disk lengths was 
observed, which made it possible to 
determine the rotation curve in this 
region. It appears that the central parts 
(out to half the length of the bar) 
rotate like a solid body. Thereafter the 
rotation speed stays almost constant. 
The bar was also seen in 1,415 MHz 
continuum, and deep plates taken by 
Van der Kruit and Bosma show that 
the optical extent of the galaxy is 
about as large as the neutral hydrogen 
disk. Evidence that even nicely-looking 
galaxies like M81 can be involved in 
spectacular events was produced by 
Leonid Weliachew (Observatoire de 
Paris, Meudon) and by Geoffrey Cot- 
trell (Mullard Radio Astronomy Ob- 
servatory, Cambridge) who described 


observations of the region around M81, 
M82 and NGC3077. These are sur- 
rounded by a huge hydrogen halo, in 
which the velocities of the gas clouds 
link up nicely with those of the 
galaxies. Cottrell presented a computer 
model of a tidal encounter between 
M81 and NGC3077, which properly 
reproduced the radio appearance of the 
latter. Presumably the hydrogen halo 
consists of debris left over from an 
encounter between M8! and M82. 
Finally, it was demonstrated that many 
spiral galaxies are not, flat at all, per- 
haps necessitating some drastic rethink- 
ing of extant models. Darrell Emerson 
summarised an observational pro- 
gramme of the MRAO on M33 and 
M31, both members of the Local 
Group of galaxies. The plane of M33 
was known to be warped, and the new 
observations conclusively showed the 
enormous extent of these distortions, 
with warps rearing above the plane to 
heights almost equal to the galaxy’s 
radius. In M31, the Andromeda 
Nebula, smaller warps were discovered 
at the edge of the observable radio 
disk (about 30 kpc radius). Then Sancisi 
proceeded to show that possibly all 
spiral galaxies are warped: four mem- 
bers of a nearby, but otherwise ran- 
dom, sample of five spirals seen almost 
edge-on showed up to 20% warping of 
their planes. Two of these have no 
nearby companions, so that if the 
warps are due to tidal distortion during 
an encounter between two galaxies, the 
distorted galaxy must maintain a 
rather crisp warp during 4-5 galactic 
years at least. This baffling finding left 
the participants in the discussion appro- 
priately wondering how much progress, 
exactly, has been made in understand- 


ing spiral structure. o 
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Dynamo model of double radio sources 


R. V. E. Lovelace 


Department of Applied Physics and Laboratory of Plasma Studies, Cornell University, Ithaca, New York 14853 





A model of radio sources is proposed in which the magnetised 
accretion disk of a massive black hole acts as an electric 
dynamo producing two oppositely-directed beams of ultra- 
relativistic particles. 





WE give here a brief development of a model of double radio 
sources with the conducting, magnetised accretion disk of a 
massive black hole acting as an electric dynamo. The electric 
field created by the rotating disk results in the steady generation 
of two oppositely-directed, collimated, tenuous beams of ultra- 
relativistic protons. The output power in the beams is 
~ 10 erg s~ and the proton energies are < 10" eV fora poloidal 
magnetic field of the disk of 10* gauss and a black-hole mass of 


Fig. 1 Schematic drawing of the electric dynamo formed by a 
conducting magnetised accretion disk. The radio wave emitting 
regions are discussed in the text. 
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10#Mo. The beams propagate parallel to the angular momen- 
tum vector of the disk. The energy transported by the proton 
beams is gradually degraded because instabilities lead to the 
sharing of the beam energy with the ambient plasma. It seems 
possible that the two-stream interaction can convert the energy 
of a tenuous proton beam into a relatively dense, collimated 
beam of relativistic electrons. Energy carried by the electron 
beams is released as synchrotron radiation in the radio com- 
ponents. 

With this model it seems possible (1) to have a large, steady 
supply of energy to widely separated small radio components, 
(2) to obtain alignment and symmetry of the two radio com- 
ponents, and (3) to have a correlation between the axis of the 
radio components and the direction of the angular momentum 
of the parent galaxy. The model includes some of the features 
of the ‘twin exhaust’ model', the spinar or oblique-rotator 
models?~*, the maeagneto-hydrodynamic models“? and the 
axisymmetric pulsar modelë. The isotropic production of low 
energy (~ 10"? eV) cosmic rays from the accretion disk of a 
massive black hole has been discussed previously*""”. 


Model 


Consider the possibility®!® that a black hole of mass Mp 
(~10°Mo) has formed in the centre of a galaxy (or in the 
nucleus of a quasar) and that the black hole is surrounded by a 
massive, flat accretion disk (see Fig. 1). Gaseous material 
accreted on to the disk is supplied from the mass loss of stars, 
possibly increased by disruptive collisions between stars and/or 
the close approach of stars to the black hole". It is evident that 
the angular momentum vector of the disk will have a direct 
correlation with the angular momentum vector of the parent 
galaxy. If the mass of the disk is sufficiently large, Ma> Mo 
(but Ma<M,), then the angular momentum of the disk may 
have a fixed direction in space for long periods, greater than the 
lifetime of a radio source. For Ma>Mo, the disk angular 
momentum corresponds to an average of the angular momenta 
of a large number of stars. 


The magnetic field 


Ionised matter moving into the accretion disk will carry with 
it a weak ambient magnetic field. The gradual inward radial 
motion of matter in the disk will amplify the field, tending to 
establish B, (r)co(r). where ø is the surface density of the disk, 
r is the radial distance from the black hole, and the z axis is 
normal to the plane of the disk. We consider that B, at some 
particular epoch has a single polarity throughout the inner part 
of the disk. Because of differential rotation of the disk, the 
poloidal field (B,, 0, B,) is expected to be axisymmetric. It is, 
however, possible that the poloidal field is augmented by non- 
axisymmetric turbulent fluid motions? in the disk. Reconnec- 
tion of the poloidal field lines occurs in the region r<r,,|z| <r, 
(where r, is the inner radius of the disk) so that there is no build 
up of flux through the surface r<r,, z=0. (For the moment, 


consider that the space above and below the disk is a vacuum. 
Thus, although there may be a toroidal field (B,) embedded in 
the disk*°, B,=0 in the space above and below the disk.) 


The electric field 


The material of the disk may be assumed highly conducting so 
that an observer in a non-rotating (inertial) reference frame 
sees a strong radial electric field, E(r) = —[u,(r)/c]B.(r), on 
the top and bottom surfaces of the disk, where u, = (GM,/r)* 
is the Keplerian velocity, assumed much larger than u,. Thus 
the potential difference across the disk is 


Ka f dru,(r)B.(r) (1) 
ri 


where r! = 6GM,/c? ~ 10™ cm (M,/10*%Mo) is the inner 
radius of the disk, and r, >r, is the effective outer radius where 
material enters the disk. If we assume (r) = eu,(r), with 
€ = a constant, <1, then o œ r~}. Because B,(r)<a(r), we find 


Vis X —V(6)By(GMy,/c?) In(ra/r1) (2a) 


where B, = max(B,) = B,(r,). In practical units 
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Observe that V, is proportional to r}, which is well defined, 
but depends only weakly on ry. 


Magnetic flux and time scales 
The magnetic flux through the disk is 


2 3/2 
B, Mha Fa 
és A 2 2 
® ~ 4x10 (weiss \ atc) (2) gausscm* (3) 


For B, = 10° gauss, Ma = 10°Mo, and r/r, = 10, this flux 
(~ 10°* gauss cm?) corresponds to an ordered field of 10~® gauss 
spread over a region of ~ 10 pc. A characteristic time scale 
for rapid dynamical variations of the disk is the orbital period 
at r = ry, Ta ~ 5 10M,/10°Moe) s. At the other extreme, 
the time scale for significant changes in the large scale magnetic 
field structure, once it is established, is Te = “/R, where Ẹ is 
the inductance and R the resistance of the configuration. We 
estimate that Tp is at least as long as the lifetime of the disk 
because of the large size and high conductivity of the disk. 





Resulting particle acceleration 


Consider the particle acceleration resulting from the disk 
potential. In the space outside the cylinder r > rą, there is 
assumed to be plasma, possibly in turbulent motion, but not 
in rapid rotation. The electrical potential of this plasma may be 
taken to be zero. The region r < r, above and below the disk 
is for the moment assumed a vacuum. We consider in the present 
study only the case where B, is anti-parallel to the angular 
momentum vector of the disk. Thus the potential on the disk 
surfaces, V(r,-1-0), produces a vacuum field in the space above 
and below the disk. That is, V?V = 0, with V(r,--0) specified, 
with V(r, z) = 0, and with V(r, |z| > ra) = 0. The potential 
V(r, z) implies an electric field which tends to accelerate protons 
(and other ions) in the +z (—z) direction out of the top 
(bottom) surface of the disk. The electric field, E, is ~ (u,/c)Bz $ 
10° V cm~ for Bẹ = 10° gauss and Ma = 10°Mo. The electric 
force on a proton exceeds the gravitational attraction of the 
black hole by a large factor, ~ 10'*. The electric field is, 
however, small compared with the poloidal magnetic field, 
E*/B,? ~ up|? < 1. 
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The self-consistent, space-charge-limited flow of protons off 
the disk surface follows from general dimensional considera- 
tions (ref. 13 and E. Ott, T. Antonsen, and R. Lovelace, 
unpublished) in that the particle motion is extremely relativistic. 
If Z denotes the total current of protons in, say, the +z direction, 
then 

I= KeV is (4a) 


where x is a dimensional factor which depends on the geometry 
through V(r, +0). We may assume that x is not greatly different 
from unity (ref. 13 and E. Ott, T. Antonsen and R. Lovelace, 
unpublished). An estimate analogous to equation (4a) occurs 
in the axisymmetric pulsar model’. Using equation (2b), we 
rewrite equation (4a) as 


B, M, r 
me Pe ac Sm à =a 
I~ 3x10 (o TALAL (4b) 


Charge neutrality of the disk is maintained by a non-relativistic 
electron current in the region r > rą. For r < r, and |z| > 0, 
there is a positive space-charge density J./c, where J,(r) is the 
beam current density. 

The output power in the two beams is, from equations (2b) 
and (4b) 


2 2 
~ ~ _ Be S Ma É n 
Lr œ 21V 1 od; nE a.) ( 10'Mo y[a(2)] ergs~*(5) 


The power in the beams derives from the infall of matter into 
the gravitational potential of the black hole. There is a cor- 
responding flow of angular momentum® out of the disk 
carried by the poloidal-magnetic field and self-electric field of 
the beam and the beam protons. The beam emission may, 
however, represent only a small dynamical influence on the disk 
if Le < Lior, where Liot is the total luminosity of the disk. In 
particular, an irregular magnetic field embedded in the disk 
may be dynamically important®?°"*, For comparison, the 
Eddington limit on the electromagnetic ana of the disk 
is Lp ~ 10*(M;/ 10°Mo) erg s™. 

Evidence in support of equations (4) and 6) comes from 
many laboratory experiments which have demonstrated the 
production of high-current electron beams'®!* (J,.~10° A) 
and ion beams (P. Dreike, C. Eichenberger, S. Humphries, and 
R. Sudan, Cornell University Laboratory of Plasma Studies 
Report 172 (1975) ) (Z, ~ 10* A) in this type of field configura- 
tion'®!8 (E*/B.* < 1) at low voltages (Vi, < 10° V) with 
electric fields E $ 10° V cm~. The observed beam particle 
energies are ~ eV,.. 





Beam energy/magnetic energy 

An important dimensionless parameter for the dynamics of the 
beams is the ratio, denoted B, of the kinetic energy density 
of the beam to the energy density of the magnetic field. We 
first estimate B = B, near the disk, |z| < ra. Note that we have 
a limit on the proton Lorentz factors y from equation (2b) 


B, Mha Fa 
~ ee a — 
Permi (i gauss /\ 10°Mo (2) sid 


The spectrum of y values as a function of r is expected to be 
relatively flat for y < yo. An estimate of the beam density, 
ng, follows from equation (4b) 


Ng ~ naod” a) in A Be em (7) 


The total number of protons emitted per second is thus 
~ 4x10% for na = 2x 105cm, r, = 10cm, andr,/r; = 10. , 
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From equations (6) and (7), we find 


2 
— gglatamsc? oa [ris (rs 
Bo = 87 Be on” a(2)] (8) 


where mp is the proton rest mass. Evidently, we have By < 1 
if ra > r,. That Bo < 1, is a result of the fact that u,*/c? < 1 
over most of the surface area of the disk. Thus for the proton 
acceleration and streaming in the vicinity of the disk, the 
magnetic field B, is very strong. To a good approximation the 
protons follow the magnetic field lines and the configuration is 
force-free. (Values of B small compared with unity are known to 
be favourable to the magnetohydrodynamic stability of beams 
electrically neutralised by plasma.) 

In the vicinity of the disk there is a small toroidal self-field 
B, from the proton beams. We estimate that 


B 2i 


~ 


B, crsB, 





~ (Box)? 


is small compared with unity if By < 1. This toroidal magnetic 
field counteracts the radial space-charge repulsion of the beam 
and thus tends to collimate the beam. 


Divergence of beam 


For distances |z| > r, above and below the disk, the proton 
beams diverge. The outer beam radius is approximated as 


a(z) = ra (1+ |z|/H), where H is the scale height for the diver-_ 


gence. We assume that processes involved in the initial outward 
propagation of the beams give H > r, Because the beam 
particles start off following the field lines, B{z) œ [a(z)]~*. The 
B factor of the beam is proportional to a°, and, therefore, we 
have B = | at a distance |z| ~z, = H(B,)~! > H > rz, where 
Bo is given in equation (8). For distances |z] > zy, where 
B > 1, the beam divergence comes from the ballistic motion 
of the protons (in the absence of instabilities). The usual 
adiabatic energy losses, involved, for example, in the expansion 
of a cloud of particles, do not occur for a particle beam in 
ballistic motion. 


Radiation effects 


In the initial outward propagation of the beam there may be 
significant curvature radiation. If p denotes the instantaneous 
radius of curvature of a proton trajectory, then the typical 
energy of the curvature photon is 


Ce) fl) 


The rate at which a proton emits energy is 


dy _ rfm) 
dz 3\m,/p? 


where re is the classical electron radius, and me is the electron 
rest mass. Thus the path length for a proton to lose half its 
initial energy (ympc?) is 


10 . dD > 
leur ~2*x io") (wean) cm 


where fp is an average of the radius of curvature. In the initial 
stages of formation of a source we may have leurS pæra if 
B,M,, Z 10" gauss Mo. One effect of the curvature photons may 
be that of expelling matter and thus straightening the magnetic 
field in two conical regions of small solid angle defined by the 
velocity distribution of the protons at |z|<r,. The effect is, 
however, inefficient because the production and scattering cross 
sections for the curvature photons interacting with electrons 
LA 
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and protons are small (<2 10~** cm*). The curvature photon 
production of electron-positron pairs off the magnetic field® is 
negligible. 

The beam protors may interact with low energy photons** 
emitted by the accretion disk®™!° and surrounding plasma to give 
pions and electron-positron pairs. The proton energy threshold 
for pion production is 


~ 10'(1—cos®) 7) eV 


where © is the angle between the proton and photon momenta, 
and & is the average photon energy. The threshold for e~/e+ 
production is a factor 1/135 smaller. We estimate that the 
proton energy loss is small if 


é R 
Lon < 104 5 \ orm) ergs"? 


where Lpn is the photon luminosity, and R is the effective radius 
of the photon-emitting region. 


Counter flow instability 


For distances |z| larger than a certain value Znew (discussed 
below), the proton beams become both charge and current 
neutralised by plasma in the beam channels. In the outward 
propagation of a beam, plasma enters the beam front, and, 
furthermore, plasma may leak radially into the beam channel 
because of instabilities (particularly for |z| >z, where B> 1). 
Thus the presence of free electrons on magnetic field lines 
connecting with the accretion disk presents the possibility of 
electrons counter-flowing and partially ‘shorting-out’ the proton 
accelerating potential. This shorting would result in an ohmic 
dissipation (and radiation) of a fraction (~ 1/2) of the power 
2IV;: in a small region of size <r, centred on the black hole 
with the remaining fraction of the power in the two proton 
beams. There is, however, a definite asymmetry between the 
proton acceleration and the counter acceleration of electrons. 

Consider the two-stream interaction: let n, denote the density 
of cold electrons (speeds <c) within the beam channel at some 
distance z. Then the dispersion relation for electrostatic waves 
with frequency and wavevector k is 


Op? OB’ y? 


yan e aih cosy)? 


(9) 


where k is at an angle y to the beam velocity vs, with y™ 
<w<1, and where @, = (4ne*n,/me)}, © = (4ne?ne/ ym), 
k =|k|, and vg = |Ya |= c(1—1/2y?) is the local proton speed. 
It is evident from equation (9) that the proton beam may be 
considered weak in the limit where 7,>(me/ym,)ng?. In this 
limit a simple form of the two-stream instability occurs**. The 
frequency of the unstable wave is written as @ = @,+6, with 
18|<@,, and k = @, (vg cosy)~ so that 


1/3 
Im(8) = (25) (yw)?! 


or 


10” 1/3 2/3 1/6 
Im(8) ~ 3x 0) (£) (ai) ys s~ (10) 


where we have taken 


2 
ñB = 0 25) cm~? 
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with a(z) the beam radius. The characteristic wavelength of the 
unstable wave is 


The phase velocity of the unstable wave 


r 1/3 
noi) Jen (11) 


is quite close to the speed of light. As an illustration of equation 
(10), for a = 10-* pe (=3 x 10° cm), y = 10” and n, = 107° 
cm~*, an e-folding of a wave with y = 10~* occurs over a 
distance of ~ 10~* pe (=3 105 cm). Thus an unstable wave 
may grow considerably before it convects out of the beam 
channel. 

Because of the two-stream instability, plasma waves of finite 
but small amplitude are expected to coexist with the plasma in 
the beam channel**-**, One important effect of the waves is to 
produce an anomalous electrical resistivity (which does not 
depend on binary collisions). This resistivity acts to prevent 
electrons from partially shorting the proton accelerating poten- 
tial. A self-consistent, non-linear theory of the interaction 
would determine the neutralisation length Zneut. It is of course 
possible that the nonlinear theory would allow only a quasi- 
periodic acceleration?! of protons with a time scale ~ Zneur/c. 

Linear instability of the proton beams may also involve the 
circularly polarised Alfvén and/or cyclotron plasma waves 
propagating paralle] to the magnetic field. The interaction of 
streaming cosmic rays with Alfvén waves has been studied**:*’, 
but apparently only under conditions where the cosmic rays 
are nearly isotropic. 

For distances |z|> Zneur, the magnetic field is the ‘stretched- 
out’ poloidal field of the accretion disk, and is nearly parallel 
to the local proton velocity. For example, if the magnetic flux 
through the disk is 10°* gauss cm? (from equation (3)) then 


2 
B, ~ 10-4: A gauss (12) 


where a(z) is the beam radius. The proton gyro-radii implied by 
equation (12) are ~10* pe sin(®) (y/10™®)(a/pc)°, where 0<1 
is the pitch angle. 


The electron beams 


It is possible that the energy loss per unit distance of the pro- 
(on beam is determined by the two-stream interaction. A.small 
fraction of the cold electrons in the beam channel get trapped 
and untrapped in the unstable plasma waves and are thereby 
accelerated to relativistic energies?™**. At the same time the 
proton spectrum is shifted to lower energies. A nonlinear theory 
is required to predict the energy spectra of the electrons and 
protons. It is, however, relevant that equation (11) implies that 
an electron trapped with the phase velocity of an unstable 
plasma wave has a Lorentz factor 
Yw = (y+ Ty) 12 


" 1/3 n 1/6 . 1/6 1/3 
vef —? ~ ‘a nits 2 
re{at) oola) (im) (e) 


where we have taken my = 107'*(pc/a)?cm. The energetic 
electrons are collimated with the proton beams, having small 
pitch angles and small synchrotron losses. An upper limit on the 
range of electron Lorentz factors may however occur because 
the pitch angles are not negligibly small. For small pitch angles 
the synchrotron radiation is collimated with the proton beams. 
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The radio components 


The collimated propagation of the oppositely travelling beams 
of electrons terminates in two regions of size ag at z = +2p, 
which are the radio components. In these regions the magnetic 
field of the beam channel connects with a non-uniform irregular 
field. Thus relativistic electrons arriving at +z, rapidly lose 
their energy by incoherent synchrotron emission. The collimated 
propagation of protons with gyro-radii >ag continues beyond 
Zg, and these protons may continue to accelerate cold electrons 
by the two-stream interaction. The observed values of zy extend 
from <1 pc to ~1 Mpc. Consider first the small sources with, 
say, Zę < 10°? pc. The magnetic field is that carried by the beam 
(equation (12)). The momentum of the beam electrons corres- 
ponds to a pressure <P p=(Lx/nc) [a(z)]~*, where Lz is given by 
equation (5). The electron pressure compresses the external 
medium and gives rise to shock wave structures**"' at z = Zg. 
These structures may move with relativistic velocities in the +z 
directions if Py > Mex, Mp c?, or Ly > 10% (a/pc)? (nex/107° cem~*) 
erg s~, where 7tex is the ambient density of the external medium. 
For the extended sources with Zg > 10°? pce, the location of the 
shock structures (and associated radio emitting regions) is 
determined by the pressure balance conditions™®! Prz 
NexyMpUz*, where Uz (<c) is the velocity of the structures in 
the +z directions into the external medium. For the large 
sources, the magnetic field carried by the beam is exceedingly 
weak. Amplification of the field may, however, occur by field line 
stretching at the expense of the energy of the turbulent motions 
of the plasma and relativistic electrons. Subsequent to the for- 
mation of an extended double source, a second pair of oppo- 
sitely travelling shock wave structures may be generated, for 
example, by an instability involving the accretion disk. The 
secondary shock structures will be aligned with the disk angular 
momentum and thus approximately aligned with the extended 
double. 

The high energy protons which reach the large radio com- 
ponents escape into extragalactic space without appreciable syn- 
chrotron losses if the magnetic field strengths are < 10~5 gauss. 
It appears possible that the accumulation over time of the high 
energy protons lost from nearby (< 300 Mpc) dynamo sources 
has produced the high-energy end (101*-10* eV) of the observed 
cosmic ray spectrum. . 

An analytic solution to the electrodynamics of a magnetised 
accretion disk has recently come to our attention”. 
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In the near future, atmospheric carbon dioxide from 
the combustion of fossil fuels may cause the surface 
layers of the ocean to become generally undersaturated 
with calcium carbonate. The hypothetic sedimentary 
effects of such an event are here discussed in the light 
of studies in the Skagerrak Bay, North Sea. In this area, 
nearshore sediments in the depth range 0-40 m are 
affected by present-day carbonate dissolution. Not sur- 
prisingly, evidence of inorganic carbonate precipitation 
is absent. Stages in the dissolution process are micro- 
scopic etch patterns on calcareous grains, partially dis- 
solved grains, and finally structural breakdown and 
complete dissolution of skeletal elements. Mineral 
phases affected are calcite, aragonite, and a spectrum 
of magnesian calcites. Dissolution is quantitatively un- 
important in living calcareous organisms, but preserva- 
tion of shells and skeletons as fossils is much impeded. 
A future change towards similar conditions in all the 
world’s shelf seas would certainly mean an end to the 
typical warm-sea carbonate sedimentation as it is known 
today on the Bahama Banks and in other supersaturated 
regions. 


Ir is a serious possibility that the industrial production of 
atmospheric carbon dioxide will cause the surface layers of 
the sea to become generally undersaturated with calcium 
carbonate—perhaps within no more than 30yr (refs 1-6). 
If indeed this prospect is true—the hypothesis has its 
opponents’—it will have radical consequences for carbonate 
sedimentation in the world’s shelf seas which are now 
mainly supersaturated. I attempt to show here that the 
diagenetic processes affecting carbonate sediments in under- 
saturated waters are in striking contrast to what is known 
from warm, carbonate-supersaturated regions. Should 
carbonate diagenesis of the undersaturation model indeed 
become universal in the world’s shallow seas by the turn 
of the century, the event would certainly mean an end to 
the typical warm-sea carbonate sedimentation as we know 
it today. Carbonate sedimentation in cold, high-latitude seas 
would become still more restricted. A change of this nature 
would leave an extensive mark of lasting geological signi- 
ficance in the shelf sediments, well worthy of its own foot- 
note in the history of man’s influence on the natural 
environment. 

I can take no stand for or against the probability of a 
future carbonate undersaturation in the surface layers of 
the sea. Others are conducting that debate”. My intention 
is to point out some of the effects such an event might have 
on existing carbonate sediments and related organisms in 
shallow waters—if ever it does occur. 


My story is based on factual observations in the present- 
e. 





day sea. Contrary to common belief, areas with carbonate- 
undersaturated shallow marine waters actually exist at the 
present time, and they seem to be the result of natural—as 
contrasted to man-made—environmental conditions, Such 
is the case, for example, in the Skagerrak Bay in the North 
Sea, where the petrographic effects of carbonate under- 
saturation are very prominent in nearshore sediments in 
the depth interval 0—40 m (refs 8-10). 

Knowledge in this particular field of marine carbonate 
sedimentation is still fragmentary, and this account can 
touch only on two basic aspects of the problem: first, the 
evidence of marine carbonate undersaturation, and second, 
the most obvious effects of carbonate dissolution in near- 
shore sediments and related organisms. 


Petrographic saturometry 


No one really knows the precise level of carbonate satura- 
tion in the sea, and estimates vary considerably, both of the 
undersaturation in the deep sea™™™, and of the supersatura- 
tion in surface waters ™, The disagreement on this point 
need not concern us here, however, since undersaturation 
in natural sedimentary environments can be diagnosed by 
a direct petrographic approach. The most explicit evidence 
of marine carbonate undersaturation is obviously the con- 
dition that carbonate sediments dissolve. During the Chal- 
lenger expedition—which ended on May 24 exactly 100 yr 
ago—the realisation that foraminiferal ooze dissolves at 
depth meant the original discovery of marine carbonate 
undersaturation (ref. 17). Today, dissolution can be petro- 
graphically diagnosed in exceedingly small samples, even 
in individual sediment grains, by means of scanning electron 
microscopy (SEM), and one is motivated to speak of 
petrographic saturometry. The method is sensitive only to 
such levels of undersaturation that actually lead to dis- 
solution, and hence is well suited for field studies of car- 
bonate diagenesis. The primary diagnostic criteria are 
microscopic etch patterns which develop on the surfaces of 
sediment grains as soon as these are affected by dissolution’. 
Each kind of calcareous grain—a mollusc shell, a barnacle 
plate, an echinoid stereome—has its own distinctive etch 
pattern which is related to the mineralogy and structure 
of the grain fabric (Fig. 1). The SEM analyses allow identi- 
fication of separate mineral species in the grains, and the 
degree of undersaturation thus can be related to the 
solubility of the various Sia and even to different 
phases of the same mineral”, 

Petrographic saturometry in natural sediments has its 
limitations, however. Most important here is that etch 
patterns may either reflect uninterrupted dissolution in 
continual undersaturation, or they may be cumulative 
records of several dissolution events, representing occasional 
drops of the saturation level in an otherwise saturated, or 
even supersaturated, environment. 

In the Skagerrak—as in other high-latitude shelf seas— 
seasonal fluctuations in carbonate saturation seem very 
likely. Three factors contribute to lower saturation levels 





during the winters: first, photosynthesis is at its minimum 
so organic uptake of CO, is small; second, water tempera- 
tures are low so solubility of CO, is high and third, large 
amounts of CO, are released in the water through the 
decay of the summer crop of organisms. 


Carbonate diagenesis in the Skagerrak 


Even a cursory examination of the processes in the 
Skagerrak will show the fundamental differences between 
the carbonate-supersaturation diagenetic model so well 
known from warm shallow seas (refs 18, 19), and the under- 
saturation model in these cooler waters. The effects of a 
universal change to carbonate-undersaturated conditions 
may then be more properly assessed. 

In the depth interval studied (0-40 m), the carbonates 
derive mainly from macroscopic benthic organisms, such as, 
bivalves, gastropods, barnacles, echinoderms and cal- 
careous algae. Benthic foraminifers are of local importance. 
The most common single constituent is the blue mussel 
Mytilus edulis whose shell fragments give many sands a 
bluish tinge. aki 

The sediments studied are nearshore sands of varying 
carbonate content, from a few % by weight in terrigenous 
sands, to > 90% by weight in skeletal sands. The grain 
size ranges from several cm in complete shells, to a few 
um in the most comminuted material, with the median 
value commonly in the 200-800-4m interval. 

From a mineralogical point of view, the carbonate 
fraction consists of aragonite, calcite, and a spectrum of 
magnesian calcites (Fig. 2). The proportions of mineral 
species in the sediments depend on the composition of the 
local carbonate-producing population, but calcite is nearly 
always dominant. 

The effects of carbonate dissolution in the sediments can 
be seen with a simple binocular microscope: calcareous 
grains have a frosted, sometimes even chalky appearance, 
and many grains are weak and crumbly. The frosted texture 
is caused by surface etch patterns, whereas the chalky and 
powdery state originates from partial dissolution of the 
grain fabric. 

In the Skagerrak, etch patterns occur on all kinds of 
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Fig. 1 Dissolution features in carbonate 
sediments from the Skagerrak: SEM micro- 
graphs, scale bars 10 um, except for (a) 
250 um, and (e) 2 um. a, Plate of dead bar- 
nacle collected in situ on rock face at 4-m 
depth. The entire shell was weak and crumbly. 
Arrow points to hinge tooth shown in detail. 
b, Corroded appearance of the calcite fabric in 
barnacle hinge tooth. c, Echinoderm fragment 
of magnesian calcite, grain size fraction 
125-250 um, water depth 12 m. Echinoderm 
fragments behave as single calcite crystals in 
the petrographic light microscope, but reveal 
an intricate core-and-rind structure during 
natural dissolution. d, Etch pattern exposing 
the tips of prismatic calcite fibres in Mytilus 
fragment. Grain size fraction 250-500 um, 
water depth 12 m. e, Tips of etched Mytilus 
fibres. f, Transverse fracture through cross- 
lamellar aragonite in bivalve shell, showing 
partial dissolution of the fabric. The holes are 
corroded borings after endolithic organisms. 
Grain size 4 mm, water depth 6 m. 


calcareous grains, and it is clear that the environment is 
undersaturated with respect to all carbonate phases 
present: calcite, aragonite, and magnesian calcites***. In 
principle, the solubility of the carbonates varies according 
to the following pattern: most soluble among the sediment 
constituents are magnesian calcites with > 15mol % 
MgCO; in solid solution; next come aragonite and the inter- 
mediate magnesian calcites, whereas pure calcite is the 
least soluble™~™. It is, however, a complicating factor that 
biogenic carbonate grains are intricate constructions of 
organic matrices and mineral substance, With the mineral 
part organised in various submicroscopic units of calcifica- 
tion, Within a single grain, the skeletal units may vary con- 
siderably in solubility because. of variations in mineralogy 
and composition™™™, 

The heterogeneous nature of the skeletal grains deter- 
mines their dissolution behaviour. Minor spatial variations 
in solubility in the particle fabrics control the etch topo- 
graphy which develops as soon as dissolution begins (Fig. 1). 
On continued exposure, deeper parts of the grains are 
gradually affected and the intragranular fabrics are partially 
dissolved. The process produces the familiar chalky appear- 
ance of many skeletal grains*. An instructive example is the 
cross-lamellar arogonite fabric in mollusc shells: some 
lamellae are selectively dissolved out of the shells while 
other lamellae remain as a residual chalky fabric (Fig. 1f). 

This mechanism suggests that the rate of dissolution is 
slow so that the ambient undersaturation is not fully com- 
pensated by dissolution at the grain surface but exists as an 
undersaturation gradient some distance into the grain. The 
depth of the zone thus affected by intragranular dissolution 
is several hundred wm, and skeletal grains of medium sand 
size and finer may be affected by dissolution right through 
the particle fabric. 

An interesting aspect of the degradation of skeletal 
carbonates in the Skagerrak is the decomposition of 
intraskeletal organic substances. The decomposition con- 
tributes heavily to the structural breakdown of skeletal 
grains, and the process is particularly evident in mollusc 
shells. In these, decomposition affects, for example, the 
organic sheets between layers of aragonite nacre and the 
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sheaths around the calcite fibres in Mytilus shells. The ara- 
gonite nacre peels off in thin flakes, whereas the prismatic 
calcite disaggregates to free fibres, and both components last 
on their own for some time. Aragonite flakes and Mytilus 
fibres are the dominating constituents in a subordinate 
‘lime mud’ fraction which is the final stage before com- 
plete dissolution (Fig. 3). A similar disaggregation of 
mollusc shells or other animal carbonates is not known 
from warm, carbonate-supersaturated waters, but why this 
is sO is not understood—particularly not in the light of 
the abundant evidence of disaggregation of calcareous plant 
tissue. Recent studies indicate that the disaggregation of 
calcareous algae is the main producer of lime muds in 
warm shallow environments”. 

The Skagerrak sediments differ from warm-sea carbon- 
ate sands, not only by having a specific set of dissolution 
features which are unknown in carbonate-supersaturated 
areas, but also by lacking the various signs of precipitation 
which accompany supersaturation. The relationship 
between supersaturation and precipitation in seawater is 
in itself a complex problem”:”’, and it seems that the 
ordinary carbonate supersaturation in warm surface waters 
leaves a rather erratic petrographic record in the sedi- 
ments™ "=", Sand constituents commonly attributed to 
precipitation are ooids, grapestones, cemented pellets, and 
cements in micrite envelopes and hollow grains™ **, As 
might be expected, such constituents do not occur in the 
Skagerrak carbonates. 

The only carbonate cements observed are all small 
amounts of internal aragonite and Mg-calcite cement, 
formed within coralline algal nodules and crusts through 
the calcifying processes of the red algae”. This biogenic 
cement is totally dependent on the algal life processes, and 
after death of the algae both skeletons and cement are 
attacked by dissolution. 

The picture emerging from the petrographic studies of 
carbonate diagenesis in the Skagerrak is very consistent. It 


Fig. 2 X-ray powder diffractograms of various size fractions in 
a calcareous sand taken with Ni-filtered Cu-radiation. The black 
peaks at 26 one 21 are aragonite, the broad peak at 29-30 is 
calcite with the Mg-calcite area hatched. Relative amounts of the 
minerals can be calculated from peak areas (ref. 19). The relative 
amounts of Mg-calcite and aragonite increase with decreasing 
grain size, indicating a more rapid structural breakdown of these 
constituents. 
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Fig. 3 Structural breakdown of skeletal carbonates in the Ska- 
gerrak: SEM micrographs, scale bars in (a) 50 um, in (b, c) 
20 pm. a, Mytilus fragments in their natural state. The calcite 
part of the shells is recuced to bundles of weakly coherent elastic 
fibres which easily disaggregate to free fibres. Grain size fraction 
125-250 um, water depth 12 m. b, Transverse fracture through 
bivalve shell with layers of peeling aragonite nacre. Grain size 
I mm, water depth 6m. c, Molluscan aragonite flakes and 
Mytilus fibres in a ‘lime mud’ fraction of skeletal debris. Grain 
size fraction <63 um, water depth 15 m. 


shows the absence of carbonate precipitation related to 
ambient supersaturation, and instead the presence of 
carbonate dissolution because of ambient undersaturation. 

Is the dissolution really caused by ambient carbonate 
undersaturation in the seawater? Considering the various 
processes of organic decay that must occur in the sediments 
—especially when the summer crop of organisms dies off in 
response to the harsh winter conditions—is it not more 
likely that dissolution is an interstitial process at some depth 
in the sediments? This question was studied by monitoring 
the breakdown of calcareous epibionts on submarine rock 
surfaces away from the sediments, collecting skeletal 
material during SCUBA dives every fourth month. The 
results show that dead epibionts, such as coralline algal 
crusts, barnacle cups, and serpulid tubes, are attacked by 
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dissolution while still in growth positions on naked rock- 
faces. The barnacle plate in Fig. 1 is an example of this. 
To a diver, accustomed to cuts and scratches from barn- 
acles on rocky shores, it was a surprise sometimes to find 
as much as one third of a barnacle colony as friable cups 
which could be crushed with the tip of a finger. 

The impression is that isolated calcareous organisms, 
freely exposed to circulating seawater on stones and rocks, 
are more rapidly destroyed than organisms and carbonate 
grains within calcareous sands. Dead calcareous epibionts 
disappear from their growth sites in a year or two, partly 
because of decomposition of the binding organic substances, 
and partly because of carbonate dissolution. For example, 
Myrilus shells fall off and go into the sediments because 
of organic decomposition, as do barnacle cups with the ex- 
ception of the basal plates. Barnacle basal plates, crustose 
coralline algae, and serpulid worm tubes are firmly 
cemented to the rocks and provide good examples of dis- 
solution in situ. It is worth noting that calcareous crusts do 
not accumulate on rock surfaces in the area, even if 
growth of encrusters is vigorous—a marked contrast to the 
conditions in many warm, supersaturated seas. 

In living organisms, susceptibility to carbonate dissolution 
varies widely among different groups. The decisive factor is 
the degree of organic protection of the mineral phase, and 
this depends on the structural organisation of the organism. 
In living crustose coralline algae, echinoderms, and benthic 
foraminifers, the skeletons are fully protected by living sub- 
stance and there is no dissolution, As previously mentioned, 
crustose coralline algae actually control the microenviron- 
ment in their crusts to the extent that intraskeletal 
carbonate cement may form in spite of the ambient under- 
saturation”. More exposed to dissolution are the shells of 
bivalves, gastropods, and barnacles, and etch patterns have 
been observed, for example, on the apical ends of shells of 
living gastropods. Quantitatively, however, the dissolution 
is insignificant in these large animals, and their life pro- 
cesses are unaffected. The conditions may be different for 
microscopic organisms suspended in seawater—for example 
coccolithic algae—but calcareous plankton has not yet been 
studied from this point of view. 

As constituents of calcareous sands, skeletal fragments 
obviously may last for a very long time. In areas of net 
accumulation of sediments, the grains are buried by sedi- 
mentation and are then out of reach of the marine car- 
bonate dissolution which does not proceed far beneath the 
sediment-—seawater interface. The destiny of an individual 
calcareous sediment grain depends on a complex set of 
processes, involving organic carbonate production, physical 
sedimentation processess, wave and current action, bioturba- 
tion, bioerosion, and the degree of ambient carbonate 
saturation. How to define a meaningful ‘rate of dissolution’ 
in these conditions, and how to calculate such a parameter, 
are problems which remain to be solved. 


Concluding remarks 


As mentioned earlier, knowledge of carbonate undersatura- 
tion in shallow seawater is still fragmentary, and the story 
from the Skagerrak must be left with several holes in it. 
Perhaps the most annoying question is: why is carbonate 
undersaturation in shallow seawater so little understood 
from a chemical point of view? To my knowledge, the 
consensus among chemists is that the surface layers of the 
sea are supersaturated throughout, although there are dis- 
cussions as to the degree*"*"**. Part of the answer may lie 
in a sampling problem. Few, if any, saturation data re- 
present the nearshore conditions in the Skagerrak, let’s say 
in the dark and cold at four o’clock on a January morning, 
when the sublittoral environment is absolutely devoid of 
photosynthesis, but has considerable respiration and 
bacterial decay. Should carbonate undersaturation occur in 
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these conditions, however, it would be faithfully recorded 
as dissolution features in the sediments, clearly diagnostic 
in petrographic analysis. 

In the absence of chemical data, it cannot be determined 
whether carbonate undersaturation in the Skagerrak is 
general and permanent, or if it is limited in space and time 
—for example, to the bottom waters in winter. Even if we 
assume that undersaturation here is limited, it does not, 
however, invalidate the main hypothesis of this paper— 
namely, that a future change to general carbonate under- 
saturation in the ocean’s surface layers would cause radical 
changes in carbonate sedimentation in the shelf seas. Rather 
on the contrary: if an extensive dissolution record like the 
one in the Skagerrak can be produced by fairly limited 
carbonate undersaturation, how severe must be the effects 
of a universal change. 

As far as it goes, the record in the Skagerrak sediments 
is entirely consistent. First, there is no petrographic evi- 
dence of ambient carbonate supersaturation, as known from 
warm shallow seas. Second, all carbonate phases present— 
calcite, aragonite, and magnesian calcites—are attacked by 
dissolution and gradually lost from the sediments. The 
petrographic record of the dissolution process consists of 
etch patterns and partially dissolved grains. The structural 
breakdown of skeletal carbonates is much promoted by 
decomposition of intraskeletal organic substances. 

A change towards similar conditions in all the world’s 
shelf seas would mean a radical change of the present 
pattern of carbonate sedimentation. The changes cannot be 
calculated in detail, especially the net effects of dissolution. 
From a petrographic point of view, an early and funda- 
mental effect would be the termination of shallow marine 
carbonate precipitation. This would mean an end to largely 
inorganic processes such as growth of ooids, and formation 
of cements in grapestones, micrite envelopes, pellets, hollow 
grains and other sand constituents: probably also to inter- 
particle cementation in submarine sands and beachrock. 
The pattern of preservation of calcareous shells and 
skeletons would certainly change, with effects on the ac- 
cumulation of fossil assemblages in the sediments. 

Sedimentary changes of this nature would stand out most 
drastically in present areas of high carbonate supersatura- 
tion. They would mean an end to—or rather an interruption 
of—the typical warm-sea carbonate sedimentation as we 
know it from, for example, the Bahama Banks and the 
Persian Gulf. In geological terms, a man-made carbonate 
undersaturation would probably be a brief event, but it 
would be irrevocably recorded in the sediments and thus 
take its place in the general geological record with its 
amazing permanence. Every geologist who has studied, for 
example, the details of an Ordovician limestone will prob- 
ably share my conviction that sedimentary changes, how- 
ever subtle, in carbonate sediments have the potential to 
last for hundreds of millions of years. An event of man- 
made carbonate undersaturation in the shallow seas might 
indeed produce one of the most universal and permanent 
records of human activity ever formed on Earth. 

In a shorter perspective, it is reassuring that the evidence 
from the Skagerrak of today indicates that carbonate under- 
saturation in shelf seas does not necessarily mean serious 
problems for the marine environment and its inhabitants. 
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Cellular basis for the T 


wave of the electrocardiogram 
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Differences in action potential duration in different . 


regions of the mammalian ventricle are not system- 
atically present when quiescent tissue is first stimulated, 
but develop rapidly during repetitive activity. The effects 
of ouabain and temperature suggest the involvement of 
the Na*-K* exchange pump. 





THE electrocardiogram (ECG) has proved to be a remark- 
ably useful tool in the diagnosis and management of many 
types of malfunction or disease of the heart. But after 
nearly a century of use and refinement, and in spite of 
recent advances in cellular cardiac electrophysiology, certain 
features of the ECG are not well understood. One example 
is the T wave of the mammalian ECG. It is empirically 
described as arising from differences in action potential 
duration in different anatomical regions of the ventricle. 
Most attempts®* to account for the T wave have utilised 
indirect measurements of the sequence of repolarisation in 
ventricular tissue. For example, detailed studies of the 
relative refractory period in several anatomical locations in 
both ventricles and on the intraventricular septum have 
been reported’. And Spach and Barr’ have used arrays of 
chronically implanted electrodes simultaneously to record 
potential distributions in the intact dog heart during excita- 
tion and repolarisation. We have used conventional micro- 
electrode techniques to record action potentials in isolated 
preparations from sheep ventricle. The results show unex- 
pected, activity-dependent changes in action potential 
duration which may provide further understanding of the 
mechanism of the T wave. 

The T wave of the mammalian ECG is synchronous with 
the repolarisation phase of the ventricular action potential, 
and is therefore thought to represent the net extracellular 
field produced by the spreading of the repolarisation wave 
throughout the ventricular myocardium. But it is somewhat 
surprising that the T wave is found to be positive in the 
same ECG leads as the R wave of the QRS complex, since 
this complex corresponds to depolarisation of the ventricular 
myocardium. 

Extracellular recordings of the potentials produced by the 
conduction of.nerve impulses produce a diphasic wave, so 
that, if the leads are arranged such that depolarisation cor- 
responds to a positive extracellular wave, repolarisation is 
represented by a negative extracellular wave. This result is 
necessary if depolarisation and repolarisation propagate in 
the same direction. 

The apparent paradox in the directionality of the T wave 


is usually explained by postulating that the depolarisation 
and repolarisiation waves in at least some parts of the 
ventricle travel in opposite directions, so that regions that 
are excited latest repolarise earliest. This explanation 
requires that the duration of the action potential should be 
greater at the point of entry of the wave (in the endocardial 
muscle of the septum) than at later points in the conduction 
pathway (for example, in the epicardial surface of the apex). 
Early work using extracellular electrodes provided strong 
evidence for this conclusion (for discussion and references 
see ref. 3). More recently, recordings made with intra- 
cellular microelectrodes have shown that, during normal 
repetitive activity, the action potential at the epicardial 
surface of the ventricle is shorter than that at the endo- 
cardial surface‘. 

An important possible function for such a difference is 
that the longer action potential af early points in the con- 
duction pathway may prevent re-excitation and re-entry. 
It is therefore important to attempt to determine the 
cellular basis for this difference. The experiments we 
describe here show two important results. First, the 
duration differences responsible for the normal T wave 
develop as a consequence of repetitive activity; they are not 
present in the first action potential of a previously quiescent 
ventricle. Second, the effects of repetitive activity are 
strongly influenced by cardiac glycosides and by tempera- 
ture. 

Small pieces of tissue (2-4 mm square and 1 mm thick) 
were dissected from two regions of sheep left ventricles— 
the upper part (base) of the interventricular septum and the 
epicardial surface of the apex. The former is endocardial 
and the latter is epicardial. Some theories of the T wave 
regard the difference in action potential duration as being 
primarily between endocardial and epicardial surfaces. The 
alternative view is that a base/apex gradient exists. The two 
views are not, of course, mutually exclusive. Our choice 
of regions allows the correlate of either kind of gradient to 
be detected in action potential recordings. For simplicity 
we refer to the two regions as ‘base’ and ‘apex’, respec- 
tively. 

After a suitable period for recovery (20-30 min) action 
potentials from each region were recorded using conven- 
tional 3-M KCI microelectrodes. All measurements of action 
potential duration were made from heat-sensitive pen 
recordings at the point of 80% repolarisation. In contrast 
to recordings made on the whole heart, it is possible to 
remain impaled in small pieces of tissue for prolonged 
periods. Moreover, since the preparations are quiescent until 
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stimulated it is also possible to determine whether any 
differences that occur in the action potentials are dependent 
on the presence of repetitive activity. 


First action potential 


This question was answered by studying trains of action 
potentials following a short (30-60s) period of rest. We 
found that there were no systematic differences between the 
first action potentials in the base and apex regions More- 
over, this similarity between the two regions occurred at all 
the temperatures investigated. Figure 1b shows a plot of the 
first action potential durations obtained from the base 
(filled circles) and apex (open circles) between 28 and 
38 °C. There is a scatter of up to about 20ms in the 
durations but it is clear that the durations are not systematic- 
ally different. They can be fitted by the same relationship 
as a function of temperature. This result was also obtained 
in other experiments provided that adequate time was 
allowed for recovery and that the results were compared 
from pieces of tissue taken from the same heart. 

These experiments strongly suggest that there are no 
substantial differences between the basic ionic conductance 
mechanisms that control the plateau and repolarisation 
phases in the two regions. If such differences exist we should 
have to suppose both that differences in the individual 
conductance mechanisms are balanced to produce identical 
durations and that this balance is preserved for the whole 
temperature range. This seems very unlikely in view of the 
fact that the net current flow during the plateau is approxi- 
mately 1% of the magnitude of the individual inward and 
outward currents involved’. : 


Repetitive activity and second action potential 


Although there are no systematic differences between the 
first action potential durations, it is clear from Fig. la that 
the effect of activity is strikingly different in the two regions. 
At the base we invariably found that the second action 
potential duration (AP2) is substantially longer than the 
first (AP;) and that the steady-state action potential (AP) 
is either similar to or only slightly shorter than the first. In 
the case illustrated, AP. is 225 ms compared with 240 ms 
for AP. In contrast, at the apex we generally found a sub- 
stantial shortening so that APss is much shorter than AP. 
This effect is particularly striking ın Fig. la since the 
duration of AP; at the apex (265 ms) is longer than at the 
base (240 ms). Such a difference would result in a negative 
T wave, as would also be the case when the durations are 
identical Nevertheless, in the apex AP,; is 70 ms shorter 
than AP, and becomes 30 ms shorter than AP,, at the base. 
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Fig. 1 a, Records obtained during trains of 
action potentials produced in base (endocar- 
dial) and apex (epicardial) preparations from 

sheep ventricle. Stimul: were applied at 150 
per s after a 30-60-s quiescent period The 
time to 80% repolarisation ıs shown ın ms 
below each action potential. AP, 1s the first 

action potential in each train, AP, the second 

and 'APss is taken when there are no further 
changes (usually 10-20 action ‘potentrals) 

There ıs a considerable difference ın the effect 
of activity in the two regions. At the base 
AP, lengthens and APss is only 15 ms shorter 

than AP,. At the apex AP, shortens and APss 
1s 70 ms shorter than AP,. These particular 
records show a 25-ms difference between AP, 
in the two regions. This difference 1s in the 
wrong direction for explaining the normal T 
wave and was not found to be significant (see 
5). 6, Duration of AP, as a function of 
temperature. There is no systematic difference 
between AP, durations at the base (@) and 
apex (O). Similar results were found ın other 
experiments (although the precise functional 
dependence of duration on temperature was 

: not always linear). 
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Such a difference would lead to the positive T wave observed 
during normal repetitive activıty. We shall discuss the 
results for AP, and APss separately. 

Twin pulse studies on sheep Purkinje fibres usually show 
that the second action potential shortens as the interstimulus 
interval is reduced. This shortening is primarily caused by 
residual activation of i,1, the outward current which speeds 
repolarisation®. But lengthening of the second action 
potential has also occasionally been observed in Purkinje 
fibres’. Such experiments have shown that 107° M ouabain 
reduces or eliminates the increase in duration of AP». 


Fig. 2 a, Records obtained during paired pulse stimulation at 

various intervals (indicated in ms). b, Duration ratios (AP,/AP,) 

as a function of interstimulus intervals from experiment illustra- 

ted in (a). The solid curves were drawn by eye. Note that the 

ratio ıs less than 1 at the apex (O) and substantually greater than 
I at the base (@). 
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Fig. 3 Influence of temperature on the AP,/AP, duration ratios 

at the base (@) and apex (O) at an interstimulus interval of 

800 ms. Cooling has a larger influence on the apex than on the 
base. The effects are completely reversible in both regions. 
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We have studied the duration of AP, after application of 
paired stimuli at various interstimulus intervals to the base 
and apex regions of the ventricle. As before, a 30-60-s rest 
period followed each pair of stimuli. As shown in Fig. 2a, 
AP» at the base was substantially longer than AP, whereas 
the opposite result was obtained at the apex. Figure 2b 
shows plots of the AP2/AP; ratio as a function of inter- 
stimulus interval. At all intervals, the ratio is much smaller 
at the apex than at the base. This result was obtained in 
all healthy preparations. It was important, however, to allow 
adequate time (about 1h) for recovery after dissection. 
During recovery in apex preparations, while the resting 
potential was low and the first action potential was relatively 
short, a striking prolongation of AP, could be obtained. 
Such preparations conformed to the pattern of response 
shown in Fig. 2 after they reached their normal resting 
potential and AP, became normal in duration. 

To test whether the prolongation of AP» at the base is 
attributable to the activity of the Na*-K* exchange pump, 
we used two methods of blocking pump activity—cooling 
and application of ouabain. Figure 3 shows the results of 
cooling at an interstimulus interval of 800 ms. In both 
regions the AP2/AP, duration ratio becomes smaller at low 
temperatures but the effect was always found to be more 
dramatic at the apex than at the base. At 38°C the 
AP./AP, ratio is slightly larger than 1.0 in the apex but 
falls to about 0.8 when the tissue is cooled to 30°C. By 
contrast, in the base, the ratio is still larger than 1.0 at that 
temperature and cooling to 25 °C was required to reduce 
the ratio significantly. These effects were totally reversible 
when the preparations were rewarmed. 

Figure 4 shows the results of experiments on the effects 
of various concentrations of ouabain. In both regions, the 
AP./AP, ratio is significantly reduced by ouabain at 
concentrations that are thought to reduce the activity of 
the pump significantly. Unlike cooling, these effects were 
not reversible. This result is not surprising in view of the 
well known difficulty in reversing the inhibitory action of 
ouabain on the Na-K exchange pump. 


Steady-state action potential 


It is clear from the results described so far that very marked 
differences between the base and apex regions may develop 
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Fig. 5 a, APss/AP, duration ratios at base (@, 38.6 °C) and apex 
(O, 38.0 °C) as a function of interstimulus interval. The precise 
influence of changes in frequency on APss in the two regions 
varies somewhat between experiments but, as in this experiment, 
a significant difference between the two areas is found over the 
whole frequency range investigated. b, Influence of temperature 
on the APxs/AP, duration ratios in the base (@) and apex (O). 
These results can be compared with those for the AP,/AP, ratios 
shown ın Fig. 3. The same general phenomenon is observed, that 
is the apex ratio is reduced to lower levels than the base ratio by 
cooling. In this particular experiment, the effects were perfectly 
reversible at the base but not at the apex. Reversible effects on 
APss were obtained in the apex in other experiments. 


as a consequence of only one action potential. The difference 
between the durations of AP, in the two regions would 
produce a positive T wave. It is important, however, to 
remember that the normal T wave is determined by the 
steady-state action potential characteristics of maintained 
repetitive firing. It Is therefore essential to study the 
durations of APs. in each region of the ventricle. 

Figure la shows that APs is longer at the base than at 
the apex. Figure 5a shows that this difference persists for a 
wide range of frequencies. The filled circles show the 
APss/AP, ratio at the base as a function of interstimulus 
interval. The results for the apex are shown by the open 
circles. Although in both cases there is a tendency for the 
ratio to decrease at high frequencies, the difference is always 
substantial. This result suggests that changes in frequency 
per se should not influence the polarity of the T wave. 

Figure 5b shows the influence of cooling on the APys/ 
AP, duration ratios. As with the results for AP», cooling 
decreases the ratio although a higher ratio is always main- 
tained at the base than at the apex. 

The influence of ouabain on the AP;s/AP; duration ratios 


Nature Vol. 262 August 19 1976 


is shown as filled symbols in Fig. 4. The results are more 
difficult to interpret than those from the cooling experi- 
ments. Thus the marked shortening of the action potentials 
(including AP,) produced by inhibitory doses of ouabain 
may give a fairly constant APss/AP, duration ratio even 
when both AP,, and AP; are substantially sHortened. This 
applies to the apex results. In the case of the base, there is 
a decrease in the AP;;/AP: duration ratio. This means that 
the AP,,/AP; duration ratios become more similar in the 
presence of ouabain. If this effect is sufficiently large it 
could lead to a reduction or to inversion of the T Wave. 


Implications of the results 

Several important conclusions can be drawn from our 
results. (1) Since the first action potentials from the base 
and apex are very similar in duration it is likely that the 
ionic currents involved are the same in the two regions. 
(2) It therefore follows that the differences in duration that 
occur during normal beating, and that are responsible for 
determining the polarity of the T wave, develop as a con- 
sequence of activity. The onset of this effect must be very 
rapid since Jarge differences in duration are evident in the 
second action potential in a train. The second action 
potential is always longer than the first at the base. It is 
sometimes longer at the apex but the AP2/AP, duration 
ratio is always greater at the base than at the apex. (3) In 
both base and apex regions subsequent action potentials in 
a train become shorter but the difference in duration 
between the two areas is always maintained. At normal 
temperatures the base APss/ AP; duration ratio is near unity. 
At the apex it is always significantly less than 1. (4) Because 
the prolongation of AP» is reduced or abolished by cooling 
and by inhibitory doses of ouabain it is possible that the 
effects are attributable to the response of the Na-K 
exchange pump to repetitive activity. This response, or its 
consequences, must be significantly different in the two 
regions. 

Can we offer any explanation for an increase in action 
potential duration after increased activity of the Na-K 
pump? At first sight this may seem to be opposite to the 
expected effect since activation of outward electrogenic 
pumping would by itself speed repolarisatich. This suggests 
that the effect may arise as a secondary consequence of 
ionic concentration changes rather than as a direct result 
of increased pumping. During activity, the cells will gain 
Na ions and lose K ions. During a single action potential 
the concentration changes involved will be small unless the 
movements occur into very restricted spaces. Narrow extra- 
cellular spaces do exist in cardiac muscle*’, and rapid 
changes in extracellular K* concentration may occur in 
them”, In particular, [K*] in the space will increase 
during activity. It is possible therefore that this increase in 
[K*] is responsible for activating the Na-K exchange pump. 

It remains, however, to explain how this might prolong 
the action potential. If [K*] remains elevated, the action 
potential will shorten as a consequence of the well known 
effect of [K*]o on plateau duration’. To obtain prolongation 
we would have to suppose that the pump can transiently 
reduce the [K*] in the small extracellular spaces or clefts to 
levels below normal. The action potential would then be 
prolonged™. 

This interpretation of our results is clearly very tentative. 
We have no direct evidence that cleft [Kt] is reduced 
below normal after the first action potential. Moreover, it 
may be very difficult to test the idea directly as even K*- 
sensitive microelectrodes are not likely to detect the [K*] 
level in very narrow cleft spaces. They are more likely to 
monitor the [K*] level in the larger extracellular spaces in 
the preparation. 

An alternative view is to postulate that the prolongation 
of AP» is attributable to an increased inward (for example, 
calcium) current, which is partly (base) or completely 
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(apex) masked by the shortening effect produced by 
potassium accumulation. This hypothesis leaves the mechan- 
ism of the prolongation unexplained-but the difference 
between the base and apex regions would still be attributable 
to differences in the capacity of the sodium pump to 
respond to activity. 

Whatever ionic mechanisms form the basis of the effects 
we have observed, our results do enable us to explain 
various observations on the T wave. The occurrence of 
myocardial ischaemia or infarction leads to inversion of 
the T wave, as does treatment with cardiac glycosides. We 
can explain these effects as a result, of inhibition of the 
Na-K exchange pump. It is also conceivable that inversion 
occurs as a consequence of increasing the pump’s capacity 
to respond so that the behaviour of the apex is made to 
approach that of the base, rather than the opposite. Thus, 
warming may allow the apex to show prolongation of the 
action potential during activity (Fig. 3) and so in this 
manner become similar to the base. This phenomenon could 
form the basis of T-wave inversion during fever. This 
possibility also serves to emphasise that it may be mislead- 
ing to regard T-wave inversions as having a common cause. 
Any manoeuvre that leads to a decrease in the difference in 
AP duration will reduce or invert the T wave. This may be 
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produced either by inhibiting the property of the basal 
(endocardial) regicn that allows unexpectedly long action 
potentials to occur or’ by stimulating the apex (epicardial) 
areas to respond to activity in a manner resembling that of 
the base. 

Our results also lead to the expectation that the T-wave 
should be reduced or inverted after a period of quiescence. 
This has been observed in whole hearts of frog and tortoise 
after a short period of quiescence produced by vagal 
stimulation. 

We acknowledge the support of the MRC, the Canadian 
MRC and the Muszular Dystrophy Association of America. 
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The intracellular pH of the sea urchin embryo increases 
0.3 pH units between 1 and 4 min after fertilisation. 
The increase in pH is required for initiating develop- 
ment. The increase results from an exchange of extra- 
cellular Na* for intracellular H*. 





ACTIVATION of sea urchin eggs after fertilisation can be 
separated experimentally into two phases’. The first, which 
occurs in the first 60s after insemination and includes the 
exocytosis of 1-um granules in the cell cortex, seems to be 
initiated by’ an increase: in intracellular free calcium’. 
The second, which begins 5 min after insemination and 
includes increased protein synthesis, commencement of 
DNA synthesis and other biosynthetic events, seems to 
result from a nonspecific and pervasive event’. The first 
phase is not a prerequisite for the second, since incubation 
of eggs in mM concentrations of ammonia”? or treatments 
altering the egg surface’™* will start biosynthesis in the 
absence of the cortical granule exocytosis. This second 
phase of activation has been shown’ to have an obligatory 
sodium requirement only during the first 5-10 min after 
insemination at 15 °C. If eggs are transferred to sodium-free 
seawater ‘between 1 and 5 min after fertilisation, there is no 
activation of development; however, if sodium (>2.5 mM) 
is added, development resumes™*, 

Here we present evidence that ‘ammonia and sodium are 
agents in an efflux of H* ions (the ‘fertilisation acid’) that 
occurs after fertilisation. This acid represents H* ions and 


not a weak organic acid’, and the result of this efflux is 
e 


increased intracellular pH. Our data indicate that in normal 
fertilisation, the hydrogen efflux is mediated through a 
sodium-hydrogen facilitated transport system in which a 
transient period of sodium influx is coupled to a period of 
hydrogen efflux. The latter can also be induced directly by 
ammonia or other organic amines, in the absence of extra- 
cellular sodium. It is this. hydrogen efflux, with the resultant 
change in intracellular pH, and not the sodium influx, that 
is the prerequisite for metabolic activation. 

We suggest that the suppression of metabolism of the 
unfertilised egg is a result of maintaining a low intracell- 
ular pH and that the rapid efflux of hydrogen ions after 
fertilisation by way of the sodium-coupled exchange- raises 
the intracellular pH. This change allows the increased 
metabolism referred to as egg activation. 


Sodium-proton exchange 


We followed acid release by measuring the extracellular 
pH of a stirred 5% “Suspension of Strongylocentrotus 
purpuratus eggs (17°C), using a Corning Model 12 ex- 
panded scale pH meter with.recorder. After acid efflux was 
complete, the solution has titrated back to the original pH 
with standardised sodium hydroxide to determine the 
amount of acid released. We used two different experi- 
mental systems for studying H* release. In the first, normal 
eggs were suspended in seawater and fertilised by addition 
of sperm or artificially activated by addition of various 
amines. The second system, which we refer to as ‘choline- 
-arrested eggs’, is similar to that described by Chambers for 
demonstrating the sodium requirement for egg activation””™. 
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Fig. 1 Acid efflux from eggs as a function of sodium concentration 
(17°C). A 2% suspension of eggs was fertilised in seawater, 
resuspended after 60 s in sodium-free seawater and washed twice. 
Sodium or lithium chloride was added, at zero time to these 
‘choline-arrested eggs’ at the following concentrations and the 
initial (0-2 min) acid release measured with a Corning expanded 
scale pH meter and attached chart recorder a, 0.1 mM Na; b, 
100 mM Li; c, 3 mM Na; d, 10 mM Na; e, 20 mM Na; f, 40 
mM Na. Inset is the slope (rate of efflux against time) plotted 
against sodium chloride concentration. The relationship between 
PH and H+ ion concentration is approximately linear over these 
small pH ranges. 


Eggs were fertilised in normal seawater and then washed 
and resuspended in sodium-free seawater (choline sub- 
stituted) 1 min after fertilisation. We then sedimented the 
eggs rapidly 50s after insemination in a hand centrifuge, 
resuspended them in sodium-free seawater at 70 s, and then 
sedimented and resuspended then again in sodium-free 
seawater. These eggs have thus undergone a complete 
cortical exocytosis. 

The release of protons by choline-arrested eggs can be 
linked directly to sodium. Varying amounts of sodium 
were added to choline-arrested eggs and the rates of H* 
efflux measured. The rate of H* efflux is linearly dependent 
on Na* concentration (Fig. 1). Although lithium replaces 
sodium®™*, it is at least 50 times less effective in mediating 
the efflux. 

To test further the nature of the sodium requirement 
for hydrogen ion efflux, the effects of the diuretic drug 
amiloride (3,5-diamino-6-chloropyrazinoyl-guanidine) were 
determined. This compound inhibits passive sodium trans- 
port across toad bladder membranes and has no effect on 
Nat-K* ATPase pump”. Eggs were fertilised and after 
1 min were transferred to the Na*-free choline-substituted 
seawater. When sodium (40 mM) was added in the absence 
of amiloride, acid efflux was induced (Fig. 2) and the eggs 
were activated, as evidenced by subsequent cell division. 
When 40 mM NaCl was added to choline-arrested eggs in 
the presence of amiloride (1107 M), no acid efflux was 
observed (Fig. 2); these eggs were not activated and did 
not divide. 

Previous work in our laboratory using eggs activated by 
ionophore A23187 suggested that about 25% of the H+ 
release is independent of sodium”. If this part of acid 
release occurs early (that is, during the first 60s after in- 
semination), we would not observe this Na*-independent acid 
release with choline arrested eggs. We tested this possibility 
by fertilising eggs in the presence of 1X107*M amiloride. 
There was an initial phase of acid release beginning at 30s 
and ending at 60s, equivalent to 20% of the total acid; 
80% of the efflux was prevented (Fig. 3). An early phase 
of acid efflux (30-60s after fertilisation) thus accounts for 
20% of the total hydrogen release and is independent of 
Na? and insensitive to amiloride. The second phase requires 
sodium and is sensitive to amiloride. 

We had previously found that the various amines which 
activate metabolism also induce acid release (our unpub- 
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lished results). The induction of acid release by ammonia 
(10 mM NHiCI, pH 8) is depicted in Fig. 2. The efflux is 
insensitive to amiloride. Similar results were obtained with 
procaine (10mM, pH 8). j 

To ‘test whether Nat ions are transported across the 
plasma membrane in exchange for H* ions, “Na influx and 
H* efflux were measured during the first 20 min of develop- 
ment. To measure ”Na uptake, a 1% suspension of eggs was 
incubated in low-sodium seawater (choline substituted) con- 
taining 25 mM sodium and 0.75 aCi ml™ of “Na. Uptake 
was measured for 15 min, the eggs were then fertilised and 
changes in sodium influx (see legend to Fig. 4) determined 
at 1-min intervals. Na accumulation was first detectable 1 
min after fertilisation, continued for 6 min and then levelled 
off (Fig. 4). The same’ time course is seen for acid efflux in 
choline-substituted seawater containing 25mM sodium. 
?2Na* accumulation occurs only during this interval. Its 
termination does not result from an equilibration of internal 
and external Na; when isotope was added 10 min after 
fertilisation in the same conditions there was minimal 
isotope uptake (100 c.p.m. as opposed to 5,000). 

The Ht efflux in 25 mM Na*-seawater was measured in 
a separate experiment. A 1% suspension (5 ml) was fertilised 
and after 10 min the eggs were centrifuged and the super- 
natant was back-titrated to the original pH with standard- 
ised NaOH. The Na*-dependent portion of the hydrogen 
efflux (that is, 80% of the total efflux) for 1 ml of a 1% 
suspension of eggs in seawater pH 8.0 was 4.80 107° mol 
and the calculated sodium influx was 4.76 X 107° mol. This 
sodium influx is in agreement with that reported by 
Chambers” and the data indicate a 1:1 exchange of sodium 
for hydrogen in these conditions. _ 

Amiloride (110M) rapidly blocked “Na uptake. 
When added to eggs 50s after fertilisation, there was no 
2Na accumulation (Fig. 4). The 1:1 stoichiometry and 
inhibition of both acid efflux and Na* influx by amiloride 
indicates a passive, coupled facilitated transport system with 
the efflux of each H+ ion coupled to the influx of a Na* ion. 

At constant sodium concentration (0.46M in seawater) 
the Na*-H* exchange is dependent on external H* ion con- 
centration. Confirming earlier results’, we found that the 
rate and extent’ of acid efflux was directly? related to the 
extracellular pH. Total efflux was approximately 10 #mol 
per ml packed cells when fertilisation was at pH 9 and 
6 mol ml™ at pH 8. Below an external pH of 6.5 there was 
no detectable acid efflux and also no activation of develop- 
ment. ' : 


Fig. 2. Effect of amiloride on sodium-induced acid efflux from 
choline-arrested eggs (17°C). A 5% suspension of choline- 
arrested eggs was prepared as described in the legend to Fig. 1. 
The pH of the suspension was then recorded following addition 
at zero time of 40 mM NaCi—— (6), 10 mM NH,ClI --- (c), 
or 40 mM NaCl with 1x 10-4 M amiloride present - - - - - a). 
Amiloride had no effect on acid release induced by the ammonia 
addition. 
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pH of cytoplasm 
The observed acid efflux is quite large and should be re- 
flected by an increased intracellular pH. (If the egg cyto- 
plasm were unbuffered, addition of 6 umol of H* to 1 ml of 
cell water at neutral pH would decrease the pH to 2.2:) An 
estimate of any total cytoplasmic pH changes was made by 
homogenising eggs before and after insemination and 
measuring the pH of the homogenate. A 5-ml sample of a 
5% suspension of eggs was washed once in unbuffered 
(bicarbonate free) artificial seawater, resuspended in 5 ml 
of 0.5MKCI and then disrupted with 10 strokes in a 
Dounce homogeniser. The pH was then measured imme- 
diately on the expanded scale pH meter with constant stir- 
ring. At an external pH of 8.0, the pH of unfertilised egg 
homogenates (13 separate batches of eggs) was 6.48 (+0.01) 
and in homogenates prepared from embryos 10 min after 
fertilisation (9 separate batches of eggs) was 6.76 (+0.02), 
a change in pH of 0.28. 

Most of this pH shift can be attributed to the efflux of 





Time (min) 


Fig. 3 Acid efflux following fertilisation of eggs in amiloride 
(17°C). Eggs (2% suspension) were suspended in choline- 
substituted seawater containing 50 mM sodium chloride with or 
without 110-4 M amiloride. The eggs were then fertilised 
with sperm at zero time and acid release determined as described 
(see Fig. 1 legend). The low sodium seawater was used since 
amiloride is insoluble at higher Sodium concentrations. Curves as 
in Fig. 2. 


hydrogen ions already present in the egg, as indicated by 
titration experiments in which an amount of base equivalent 
to the released acid (0.37 „mol per 5ml of a 5% egg sus- 
pension) was added back to homogenates of unfertilised 
eggs (5% egg suspension homogenised in 0.5 M KCl). The 
pH of this homogenate rose from 6.54 to 6.73, which is 
identical to the pH change seen after fertilisation. The bulk 
of the buffering capacity of egg homogenates is probably 
in small molecules, and not in heat-labile proteins. The 
buffering capacity of an egg homogenate that is boiled is 
in the 10,000g supernatant fluid. 

The pH of homogenates of fertilised eggs prepared at 
various times after fertilisation is shown in Fig. 5. There 
was an initial decrease in pH between 30 and 60s, possibly 
related to the Na*-insensitive phase of acid release. Then, 
at 1 min and continuing until 4 min, the pH increased to 
6.74 and remained unchanged thereafter. The kinetics cor- 
respond extremely well with the time course of H* release 


in seawater. i 


Implications for development 


As already mentioned, it has been shown previously that 
activation of development requires Nat in the extracellular 
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Fig. 4 Na influx after fertilisation (17 °C). A 1% suspension 
of eggs was suspended in 20 ml of choline-substituted seawater 
containing 25 mM sodium chloride. The low sodium seawater 
was used because of low amiloride solubility and to increase the 
specific activity of the sodium isotope. ?*Na (15 Ci) was added 
15 min before fertilisation and 2-ml samples were taken at the 
times indicated. These samples were added to 8 ml ice-cold 
seawater, quickly washed once in cold seawater, centrifuged, 
and 1 ml of NCS tissue solubiliser (Amersham/Searle) added to 
the pelleted eggs. The eggs were allowed to dissolve in NCS, 
transferred to a tcluene-based scintillation cocktail, and then 
radioactivity measured in a Beckman LS-230 scintillation counter. 
Zero time indicates addition of sperm. #*Na influx in the absence 
of amiloride (O) and in the presence of 10-4 M amiloride (x). 


environment for a 5-10 min interval after fertilisation®’°. 
Our results indicate that this Nat requirement for initiat- 
ing development can be attributed to its effect in raising 
the cytoplasmic pH. First, the Na* uptake is transitory and 
is linked stoichiometrically to the H* efflux. Second, we 
find that activation is prevented by the concentrations of 
amiloride {1x107*M) which prevent Na* influx and H* 
efflux. This inhibition occurs only during the first 5 min 
after fertilisation, again corresponding to the period of 
Na* influx and H* efflux. Thereafter, amiloride has no 
effect on development (at least through first cleavage), 
indicating that its effects are specific to the period of Na* 
influx and not some nonspecific or toxic side effect. Third, 


Fig. 5 pH of egg homogenates at various times after fertilisation. 
A 5% suspension of eggs was lightly treated with trypsin to 
prevent elevation of the fertilisation membrane and generation 
of the perivitelline space. This was necessary to eliminate the 
contribution of seawater in this space to the pH of the 
homogenate. Samples (5 ml) of the trypsin-treated eggs were 
inseminated (17°C) and at the times indicated, the eggs were 
washed once in bicerbonate-free artificial seawater, centrifuged 
and suspended in 5 ml of 0.5 M KCI. This fertilised egg suspension 
was homogenised with ten strokes of a Dounce homogeniser and 
the pH was determinzd immediately on a Corning expanded scale 
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Fig. 6 Capacity of ammonia to substitute for sodium in initiating 
development. A 1% suspension of eggs was fertilised in seawater 
and, at 1 min after fertilisation, washed twice m choline- 
substituted seawater. Aliquots (5 ml) of these choline-arrested 


eggs were then immediately transferred to 50 ml of seawater (O), 
sodium-free choline substituted seawater ( A), choline-substituted 
seawater containing 50 mM sodium (@), or choline-substituted 
seawater containing 5 mM NH,Cl (x). The embryos were 
incubated at 17 °C and, beginning at 65 min, 2-ml samples were 
taken every 5 min and fixed in 5% formalin. The percentage of 
fully cleaved cells was then determined at each time point. 


activation can be prevented by lowering the extracellular 
pH below 6.5, which prevents acid efflux. As with the 
amiloride effect, this is seen only during the first few 
minutes after insemination; embryos develop at least 
through first cleavage if placed at pH 6.0 after the first 
10 min of development. 

The fourth and most important observation stems from 
our finding that ammonia will initiate H* efflux in the 
absence of external sodium (Fig. 2). We found that these 
concentrations of ammonia can initiate the development 
of choline-arrested eggs, ‘again in the absence of sodium. 
The capacity of ammonia to substitute for sodium is shown 
in the following experiment. Eggs were fertilised and 
transferred at 1 min to choline-swbstituted seawater con- 
taining either 50mM sodium or 5mM ammonia. Control 
eggs in regular seawater cleave at about 85 min (Fig. 6), 
whereas eggs transferred to Na*-free seawater at 1 min do 
not cleave (pronuclei do not swell or fuse and no cytasters 
form). If eggs are transferred to choline seawater with 
either sodium or ammonia present, however, cleavage 
occurs—atbeit slightly later than the contro] eggs (the 
10-min delay probably results from the presence of choline). 

The developmental behaviour of inseminated; eggs is 
identical when either ammonia or Na* is present, demon- 
strating that the important factor in initiating development 
is not the presence of sodium per se. That it is the cyto- 
plasmic pH change that is critical is suggested by the afore- 
mentioned induction of H* efflux by ammonia and also by 
the other amines which activate metabolism (1 mM nicotine 
and 5-10 mM procaine). This H* efflux induced by amines is 
accompanied by a parallel increase in the pH of cell homo- 
genates. These findings, together with the lack of inhibition 
of amine-induced H* efflux by amiloride, indicate that the 
amines bypass the normal mechanism of coupling H* efflux 
to Na* influx. Moreno and Diamond have noted that simple 
amines can interact with Na* channels in frog bladder’. 
In eggs, they may be inducing one component only (H* 
efflux) of the vectorial exchange or substituting directly for 
sodium. Certainly the amines are not increasing cell pH 
through their action as weak bases. The pH change seen 
in homogenates prepared from ammonia or procaine- 
activated eggs can be accounted for completely by the 
induced efflux of H* ions (determined by back-titration of 
homogenates). \ 
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The mechanism of initiating the Na*-ĦH* transport system 
that begins 60s after fertilisation is unknown. Alteration 
of the egg surface by physical, chemical and enzymatic 
treatments™? activates metabolism and we have previously 
implicated a surface glycoprotein in egg activation’. This 
protein is released from the egg surface between 45s and 
120s after insemination. The close temporal correlation 
between release of this protein and the beginning of the 
Nat-sensitive H* efflux is consistent with the possibility 
that this protein acts as an inhibitor of the exchange. If so, 
the observed suppression of metabolism of partially acti- 
vated eggs by concentrated solutions of this proteinë could 
result from its rebinding to the cell surface and preventing 
Na-H* exchange, with a resultant lowering of cell pH. 
Alternatively, the cell surface proteins may be an additional 
but separate factor controlling egg activation. 

These data should be considered in light of the metabolic 
transitions that occur at fertilisation. The egg is in a state 
of metabolic inhibition and is rapidly transformed into a 
metabolically active cell with striking increases in diverse 
enzymatic and structural processes. Ca’* is involved in the 
initial phase?~*. The second phase, which can be directly 
activated by amines and which includes increased bio- 
synthesis, seems to result from a nonspecific pervasive 
change in the cytoplasmic environment. Our data suggest 
that this pervasive change may be the increase in cyto- 
plasmic pH. Although this change can be initiated inde- 
pendently of the Ca®* phase by the various amines, the 
amine activation is an incomplete regimen in that a 
functional mitotic apparatus does not form and cleavage 
does not occur. All observed changes, Ca”*, pH, and per- 
haps loss of cell surface protein, seem to be prerequisites 
for complete development. 

Do similar regulatory mechanisms occur in other eggs 
and other kinds of cells? Calcium regulation of cellular 
processes is widespread, and the calcium ionophores which 
activate eggs’’ can also activate various metabolic processes 
in somatic cells (see, for example, ref. 16). Proton efflux 
associated with cell activation has so far been described 
only in sea urchin and Urechis eggs; in these eggs it is 
one of the earliest post-fertilisation changes. Extracellular 
pH can alter cell activity’, but to our kn®wledge, intra- 
cellular pH has not been seriously considered as an on-off 
metabolic regulator of other kinds of cells. It is intriguing 
to speculate that the transition of cells from actively divid- 
ing to a resting or Go state or from the G, to the actively 
dividing state may be mediated through changes in intra- 
cellular pH. 

Supported by grants from the NSF, the NIH and the 
NRC of Canada We thank Elizabeth Baker for technical 
assistance and E. W. Byrd, Jr, D. Fanestil, A. B. Hastings, 
J. Miller and G. Somero for critical discussion, and N. 
Cross, D. Fox, T. Humphreys, K. Nealson, M. Somero and 
N. K. Wessells for criticisms of this manuscript. 


Received March 29; accepted June 8, 1976. 


1 Epel, D., Am. Zool., 15, 507-522 (1975) 

ane R. A., and Epel, D., Proc. natn Acad. Sci. U.S.A., T1, 1915-1919 

3 Vacquier, V. D., Deyl Biol., 43, 62-74 (1974). 

4 Chambers, E. L., Pressman, B., and Rose, B., Biochem. biophys. Res. Commun., 
60, 126-132 (1974) 

5 Epel Do Steinhardt, R , Humphreys, T., and Mazia, D., Deyl Biol., 40, 245-255 


6 Steinhardt, R. A., and Mazıa, D., Nature, 241, 400-401 (1973). 
7 Mazia, D., Schatten, G., and Steinhardt, R. A., Proc natn. Acad. Sci. U.S.A., 
‘72, 4469—4473 (1975). ; 
8 Johnson, J. D., and Epel, D., Proc. natn. Acad. Sct U.S A., 72, 4474—4478 (1975). 
9 Chambers, E. L., J. Cell Biol , 67, 60a (1975). 
10 Chambers, E L , and Dimich, R. A., J. gen. Physiol., 66, 66a (1975). 
11 Mehl, J. W , and Swann, M. M., Expl Cell Res., 22, 233-245 (1961). 
12 Bentley, P. J., J. Physiol , Lond., 195, 317-330 (1968) 
13 Paul, M , and Epel, D., Expl Cell Res., 94, 1—6 (1975) 
14 Chambers, E L., The Physiologist, 15, 103 (1972). 
15 Moreno, J. H., and Diamond, J M., J. Memb. Biol , 21, 197-259 (1975) 
16 Maino, V. C., Green, N. M , and Crumpton, M. J., Nature, 251, 324—325 (1974). 
17 Stemhardt, R. A., Epel, D., Carroll, E. J., and Yanagamachi, R , Nature, 252, 
41—43 (1974). 
18 Paul, M., Devl Biol., 43, 299-312 (1975). 
19 Rubin, H., J. Cell Biol., 51, 686-701 (1971). 
20 Epel, D., Expl Cell Res , 61, 69-70 (1970). 


Nature Vol. 262 August 19 1976 


665 





N repressor regulates the switch 
between Pr and P,,, promoters 


Alfred Walz, Vincenzo Pirrotta & Kurt Ineichen 


Biozentrum der Universität Basel, Klingelbergstrasse 70, CH-4056 Basel, Switzerland 





The DNA region containing the Or operator, Pr and 
Pm promoters and their transcription initiations is 
sequenced. By binding to On, repressor turns off Pn, 
turns on Prm and at higher concentrations turns off Prm, 
regulating its own synthesis. Pewa MRNA is unique in 
beginning immediately with the initiation of translation, 
without a preceding leader sequence. 


Tue right hand operator-promoter region of phage A is a 
complex regulatory structure containing the sites of action 
of at least three proteins which interact with specific DNA 
sequences: the A repressor, RNA polymerase and the tof 
or cro gene product. The operator itself is a multiple struc- 
ture containing at least three repressor binding sites’. The 
strongest of these sites overlaps partially with the site to 
which RNA polymerase binds and from which it initiates 
rightward transcription of the tof gene’. Because of this 
overlap, repressor binding prevents polymerase binding and 
therefore blocks transcription. 

An additional promoter is located in the vicinity of Or. 
This is the P,m promoter, active in the transcription of cl, 
the repressor gene, in the lysogenic state. /n vivo, the 
activity of this promoter is dependent on the earlier pre- 
sence of reprgssor bound to Or‘. We have previously 
presented’ arguments for the location of Pem within the Ox 
sequence and predicted that, at high concentrations, 
repressor should block P,m and therefore turn off its own 
synthesis, thus acting both as a positive and as a negative 
autoregulator. 

More recently, a mutation in Pm has been localised in 
the Or sequence’** and the autoregulation of repressor syn- 
thesis has been demonstrated in vitro using as template 
DNA fragments produced by restriction enzymes. 

In this article we report the sequence of the DNA region 
bounded by the HindITI cut in Oy and the Alul cut 85 base 
pairs to the left of it (Fig. 1). This region contains the 
repressor binding sites Ox2 and Ox3 and the beginning of 


Fig. 1 


the cl gene. We have used this DNA fragment for direct 
DNA sequencing using the method of Gilbert et a/.’. In the 
presence of limited amounts of repressor this fragment or 
the Haelll 790 fragment from the same region are also 
good templates for P,m transcription. We have sequenced 
the beginning of the mRNA species stimulated by repressor 
and we have located it in the DNA sequence. We find that, 
as predicted by our model, P, transcription initiates a few 
nucleotides to the left of Or3. The message begins with 
AUG and is followed immediately by the codons specifying 
the amino acid sequence of the amino terminal of the A 
repressor protein". 


Sequence of the O,-P,,,-cl DNA 


The restriction endonuclease Alul produces a DNA frag- 
ment from the Or region of A DNA, which is about 185 
base pairs long and contains in the middle the HindIl 
cleavage site which separates the operator primary site 
Oxl from the rest of the operator. The Alu 185 fragment 
can therefore be terminally labelled with polynucleotide 
kinase, cleaved with HindII and the desired fragment, now 
labelled only at one 5’ end, separated by gel electrophoresis, 
The shorter fragment, 85 base pairs long, contains the 
secondary repressor binding sites On2 and Or3 and must 
contain also the beginning of the cI gene. We have sub- 
jected this fragment, now labelled only at the Alu 5’ ter- 
minal, to the chemical sequencing method of Gilbert et al.”. 
Partial methylation with dimethyl sulphate renders the A 
and G residues sensitive to depurination and chain scission 
by B elimination. The products are analysed by gel electro- 
phoresis. Strong bands correspond to cleavage at G residues 
and the weak bands to cleavage at A residues, since the 
former are methylated six times more rapidly than the 
latter. Hydrazinolysis in aqueous medium, followed by 
piperidine-catalysed B elimination, leads to cleavage at C 
and T residues. An increased specificity of cleavage is 
obtained by performing the hydrazinolysis in the presence 
of high ionic strength which leads to preferential reaction 
at C residues. The sequence is obtained by identifying suc- 
cessive bands presert in the purine specific reactions or in 


Restriction endonuclease cleavage sites in the vicinity of Or. Distances are shown in base pairs. The approximate location of the 


three repressor binding sites OR1,OR2 and Or3 and of the two promoters Pr and Prm are indicated. The dotted lines represent transcription 
of the cT gene and of the cro or tof gene. 
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the pyrimidine specific reactions. Figure 2 shows that the 
3’ terminal sequence, though difficult to decipher, corres- 
ponds to the previously known sequence of the Op2 and 
O,3 repressor binding sites. The sequence towards the 5’ 
end according to the model should contain the Pym pro- 
moter sequence and the initial part of the cl gene. 


Repressor stimulated transcription 

To identify the initiation of the Pem mRNA in the sequence 
obtained above, we used the Haelll 790 or the Alu 185 
restriction fragments as templates for transcription. In the 
absence of repressor we expect Px transcription to be 
dominant. In the Hae 790 fragment this should yield a 
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Fig.2 DNA sequence of the Alu-Hindli fragment. Purified 
Alu 185 fragments were treated with 2 ug bacterial alkaline 
phosphatase for | h at 37°C. After 4 phenol extractions, fol- 
lowed by 4 ether extractions, | nmol y-*"P-ATP (400-800 
mCi umol) and 5-10 units of polynucleotide kinase were 
added and the reaction mixture was incubated at 37 C for | h. 
The labelled fragments were cleaved with HindIl and the pro- 
ducts, now labelled at only one 5° end, were purified by gel 
electrophoresis on 0.7% Agarose-3%, acrylamide gels in 0.09 
Tris-borate (pH 8.2). The desired band was extracted from the 
gel and treated with dimethylsulphate (purine specific cleavage) 
or with hydrazine either low salt (T specific cleavage) or in | M 
KCI (C specific cleavage), according to the method of Gilbert 
et al.’ and of Gilbert and Maxam (personal communication). 
Preferential cleavage at A is obtained by depurinating the methy- 
lated DNA at acid rather than alkaline pH. The products were 
analysed on a 40 cm gel containing 20%, acrylamide, 7 M urea 
and 0.05 M Tris-borate (pH 8.2). Electrophoresis proceeded at 
600 V for about 14 h. One glass plate was removed, the gel 
was wrapped in plastic film and autoradiographed at —20 °C 
(left). To obtain better resolution in the upper part of the gel, 
the glass plate could be replaced and electrophoresis could be 
continued with little loss in the definition of the bands (to the 
right, shown at slightly greater magnification). BPB and XC 
indicate the positions of the marker dyes which comigrate with 
fragments 10 and 29 bases long, respectively. 
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transcription product about 100 bases long. In the Alu 185 
this product should be about 65 bases long. The P,m trans- 
cript from Hae 790 should be much longer than the Pr 
transcript, while if the Alu 185 is used as template we 
expect the Pm transcript to be a maximum of 45 bases 
long. Furthermore, increasing amounts of repressor in the 
transcription reaction should block Pp transcription, but 
stimulate P,m transcription. Figure 3 shows that these 
expectations are borne out. Using the Alu 185 as template, 
a strong band about 65 bases long is produced in the 
absence of repressor and disappears at low repressor con- 
centrations. This must be the Py product. One band, about 
35 bases long, is missing in the absence of repressor, appears 
at low repressor doses and disappears at higher doses. This 
must be the P,m product. As observed in other systems, 
glycerol facilitates transcription’. We find that at low 
glycerol concentrations, transcription from Prin is much less 
efficient even in the presence of suitable amounts of 
repressor. 


Sequence of the P,,, mRNA 


To verify that the transcription product stimulated by 
repressor originates from the Pym region and from the 
correct strand, we eluted the material from the gel and 
determined its sequence. Figure 4 shows an RNase T; finger- 
print obtained by electrophoresis on cellulose acetate 
(pH 3.5), followed by chromatography on a PEI thin layer 
Analysis of the spots with pancreatic RNase permitted us 
to determine their sequence. The 5’ triphosphate end, which 
is barely visible at the lower left corner of the fingerprint, 
is pppAUG. A rapid inspection of the T1 oligonucleotide 
sequences shows that they are in fact complementary to 
part of the DNA sequence obtained from the Alu fragment. 
The distinctive CACA,G sequence corresponds to the 
CT;GTG in the DNA sequence. The initial pppAUG cor- 
responds to the CAT as shown in Fig. 5. No other ATG 
occurs in the Z strand in this vicinity. We conclude that 
the repressor stimulated transcription originates from a 
unique site, copies the left strand and initiates with AUG. 


Initiation of translation e 


The amino acid sequence near the NH: terminal of the A 
repressor protein has been determined recently". 

The initial 11 amino acids of this sequence fit perfectly 
with the DNA sequence that we have established and with 
the sequence of the Pem mRNA. Unlike other known pro- 
karyotic mRNAs, the Pym message initiates immediately 
with a f-Met codon which is followed by the amino acid 
sequence of the protein. If the Pym MRNA in vivo initiates 
at the same site as in vitro, it contains no leader sequence 
and thus no provision for a sequence complementary to 
16S ribosomal RNA" 


Structure of the Or operator 


The sequence upstream of Or3 shows first of all that there 
is nothing recognisable as a fourth repressor binding site. 
The characteristic sequence TATCACCG which constitutes 
the most strongly conserved feature of the repressor recog- 
nition sites'’ is missing or is drastically altered. The fourth 
repressor tetramer which was observed to bind at very high 
repressor concentrations”, was probably due to a relatively 
nonspecific interaction stabilised by protein interaction with 
the preceding repressor tetramer. There are then only three 
functional repressor binding sites in Or. Recent experiments 
indicate that this is also the case for O; (V. P., unpublished). 
In O;, the primary site and Ox2 contain sequence elements 
necessary for the recognition of the Pr promoter by RNA 
polymerase. Occupation of these sites by the repressor 
therefore leads to repression of Pr transcription. In con- 
sequence these two sites are the targets of mutations which 
result in constitutive expression of the rof gene’. Smith et 
al.*, using deletions which enter Ox from the left, find that 
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Fig.3 Turn-on and turn-off of Pem transcription. | pmol of 
Alu 185 fragment was incubated at 20 °C for 10 min with (a) 
no repressor, (b) 0.5 pl, (c) 2 ul and (d) 10 wl of À repressor in 
50 ul containing 20 mM Tris (pH 7.9), 0.1 mM EDTA, 0.1 mM 
dithiothreitol, 8 mM MgCl,, 40 mM KCI and 15% glycerol. 
RNA polymerase (2 ug or 1.7 U) and ATP (200 uM final con- 
centration) were added and incubation was continued for 10 
min at 37 °C. | ul of 2 mg mi~ heparin was then added, fol- 
lowed 2 min later by GTP and UTP at a final concentration 
10 uM and a-**P CTP (100 mCi pmol *) at 2 uM. The reaction 
was stopped after 10 min at 37 C by a phenol extraction and 
ethanol pre@pitation. The material was analysed on a 12% 
acrylamide gel containing 7 M urea and 90 mM Tris-borate 
(pH 8.2). The strong band in (a) is the Pr transcript while the 
band that appears in (b) and (c) is presumed to be the Prm 
transcript. The weak band, of roughly the same size as the PR 
transcript, which seems to be stimulated by repressor, was also 
sequenced and found to be due to contaminating traces of a 
different Alu fragment. 


the first two sites, but not On3, are required for effective 
repression. 


P,,, promoter 


In an earlier article? we have pointed out a remarkable 
degree of symmetry centred around the middle of Ox2. 
This symmetry is absent in O, because of the different dis- 
position of the repressor binding sites. As a consequence 
of this symmetry, Or contains another sequence similar to 
that of Pr but with orientation opposite to it. This, we 
proposed, was the Py» promoter. This conclusion was sup- 
ported by the finding that a mutation in P, is located 
between Ox2 and Ox3 (refs 5, 6). 

The symmetry results in substantial sequence homology 
between the Py and the P,m region, but it is not perfect. If 
the Pr and Pym sequences are aligned as in Fig. 6, good 
agreement is obtained only if half of the sequence is dis- 
_ Placed by one base. Therefore, assuming that the Ppr 
Sequence is representative of a good promoter, some adjust- 
ment needs to*be made in order for P,m to resemble it. 
This probably ‘accounts for the finding that in the absence 
of repressor, Pym is inactive. By binding to Orl, the re- 
pressor in some way facilitates the recognition of Pym by 
the RNA polymerase. We do not yet know the mechanism 
* of this facilitation. 
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A possible interpretation is suggested by the observation 
that RNA polymerase is unable to bind to the HindII frag- 
ment containing Ox! (ref. 14) even though the site at which 
it forms the initiation complex is entirely to the right of 
the HindII cleavage site (Fig. 7). We conclude that the poly- 
merase must interact with the region of Oy2 in order to 
bind to the Pe promoter. The symmetric arrangement of 
Pr and Pym suggests that the same region is required for 
binding to Pem. This region would then be a non-directional 
recognition site from which RNA polymerase could move 
in either direction to form the initiation complex at Py or 
Prm. Repressor might activate P,m simply by blocking the 
stronger promoter Py and removing a competitive binding 
site for polymerase, Alternatively the repressor might 
change the conformation of the DNA in the vicinity of 
Ox2-On3, making it possible for the polymerase to recognise 
Pym: 

We do not know yet what particular sequence features 
at what positions are required for RNA polymerase bind- 
ing. The substantial variety in the promoter sequences 
determined so far, suggests that the polymerase can 
accommodate a wide range of sequences. The fact that 
single base changes can inactivate promoter sites indicates, 
however, that in a given sequence, certain nucleotides play 
a key role, For example, the sex 1 mutation in Py, affects a 


Fig.4 RNase T, fingerprint of Prm transcription initiation. 
In this case the template used was the Hae 790 fragment. In the 
transcription reaction the ATP concentration was 200 uM. The 
other 3 nucleotide triphosphates were labelled and at 1.7 uM. 
A partial transcription product about 45 bases long was eluted 
from the gel as described previously?, digested with RNase T1 
and fractionated in the first dimension by electrophoresis on 
cellulose acetate (pH 3.5). This was followed by chromatography 
in the second dimension on a PEI cellulose thin layer with 2 M 
pyridine formate (pH 3.5) and 7 M urea. The spots were analysed 
by digestion with pancreatic RNase and electrophoresis on 
DEAE cellulose paper (pH 3.5). 
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u ı GAGUUCGACGAGAACACAAUUACCAAAGAAAAAACACGAGUAL Pym MRNA 
31 aaea +e GACGAGAACACAATTACCAAAGAAAAAACACGAGTATGCAATTTAGATAGTGGCGTTCCCTATTTATAGATTGTGGCACGCACAA, ..5" 
S’, s.s...» sCIGCTCTIGIGTTAATGGTTTCTITTTTIGTGCTCATACGTTAAATCTATCACCGCAAGGGATAAATATCTAACACCGTGCGTGTT,..3’ 
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Fig. 5 Sequence of the A/u—HindIl fragment. The arrows indicate the cleavage sites of the two restriction enzymes. The sequence of the 
Prm MRNA and the corresponding amino acid sequence of the à repressor are also shown’. 


GC pair in the position shown in Fig. 6’. The corresponding 
position in P,m is also of crucial importance. This is the site 
where Meyer ef al.“ place the P,m 116 mutation and it is 
also the site where the Pym sequence goes out of register 
with that of Pr. Significantly, the effects of the sex 1 muta- 
tion can be compensated by the presence of glycerol in an 
in vitro transcription reaction’. This suggests that both in 
the sex 1 mutation and in the normal Pym, the limiting step 
is the opening of the strands by the polymerase to form the 
so-called “open” complex (for review see refs 15 and 16). 
Another possible recognition element is the hepta- 
nucleotide which can be discerned, with certain variations, 
in all 
upstream of the transcription initiation site. This hep- 
tanucleotide, whose canonical form is TATpupuTpu, is 


| ; ’ 
9” ++ «AATTATCTCTOGCGGTGTTGACATAAATACCACTGGCGGTGATACTGAGCACATC. aa’ PL to emphasise their homolo; 


Bluio ATCTAACACCGTGCGTGTTGACTATTTTACCTCTGGCGGTGATAATGSTTGÇATG. E 


5”, . -AGTCAACACGCACGGTGTT AGATATTTATCCCTTGCGGTGATAGATTTAACG 


present in Py as GATAATG. In P,,, it is further changed 
to GATAGAT. 


P,,, MRNA has no leader sequence 

All prokaryotic mRNAs so far studied contain a stretch 
of variable length preceding the initiator AUG codon, This 
stretch has been called the leader and is thought to be 
important in directing the binding of ribosomes to the 
translation initiation site. In contrast, the Pym mRNA 
begins immediately with the initiator codon and lacks the 
polypurine tract which is thought to interact with the 3’ end 
of the 16S ribosomal RNA. If the Pı} mRNA begins at the 


RNA polymerase binding sites, 6-7 nucleotides _ 


TATG, 3° 
L— 


same site in vivo, we must conclude that in this case, 
ribosome interaction with the initiation site on the mRNA 
is entirely dependent on the recognition of the AUG codon. 
We do not know the significance of this finding. We specu- 
late, however, that the lack of other stabilising interactions 
would make the binding of ribosomes less efficient and limit 
the utilisation of the mRNA. Moreover, attack at the 5 
end by exoV would immediately inactivate Pym MRNA 
which would then be expected to have an unusually short 
functional half life. It is remarkable that the phage has 
developed such elaborate mechanisms both at the level of 
transcription and of translation to limit the expression of 
the cI gene in the lysogenic state. 

Upon infection of a sensitive cell, on the other hand, the 
cI gene is transcribed from a different promoter, the so- 


Fig. 6 Comparison of promoter sequences. 
The A PL, Pr and Prm sequences are aligned 
. The arrows 
indicate the initiation of transcription. 
Maximum homology is obtained if part of 

FR the Prm sequence is displaced by one base. 
The sites of the sex 1 and of the Prm 116 
promoter mutations® are indicated. The 

m dotted line encloses the heptanucleotide 
generally found in RNA polymerase binding 

sites”, 
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called Pe promoter, located to the right of the tof gene‘. 
Transcription originating from this promoter has potentially 
a leader region several hundred nucleotides long which 
contains the anti-sense sequence of the tof gene and includes 
the Oy sequence. This region, as far as we know, is not 
translated. In this case, the sequence preceding the initiator 
codon AUG contains all the features of a typical ribosomal 
binding site. There is in fact a GGTGAT in the operator 
sequence which is complementary to the AUCACC close to 
the 3’ end of the ribosomal 16S RNA. The sequence con- 
tains a UUU which is also found in several other ribosomal 
binding sites "°" and, finally, three terminator codons in 


Fig. 7 The Prm-Or-Pr region. The two promoters are shown symmetrically disposed and overlapping the two ends of the operator. In 

Pr, RNA polymerase forms the tight binding and initiation complex at the site indicated, partially overlapping Or1. A presumed 

corresponding site for Prm is shown by a dashed line. The initiation of transcription is indicated by arrows. The entire structure is 

symmetrically arranged around the centre of Or2. This is the region where the RNA polymerase might form the initial recognition 
complex. Repressor bound to Or! would then steer the polymerase to the Prm binding and initiation site. 
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phase precede the initiator AUG codon. 

‘To conclude, we note that tof mRNA, like the Pim MRNA, 
also begins with an AUG This similarity may not be 
entirely fortuitous. It is in keeping with the above- 
mentioned symmetry of the entire Or region and with the 
fact that tof product, like the cI product, acts as a repressor, 
albeit a weak one. Its sites of action, like those of the cI 
repressor, are Or where it performs the eponymous function 
of turning off the N operon, and Op, where it turns off 
transcription of Pim and of Pr and hence its own trans- 
scription”. In short, the tof product may formally be con- 
sidered a mini version of the cI repressor. In the tof 
mRNA, however, the initial AUG 1s not the start of trans- 
lation because it is followed two triplets later by a UAA 
codon in phase. 

We thank T Bickle and P. Schedl for discussions and 
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The second highly polarised 
radio outburst in Cygnus X-3 


WE detected a second outburst with a high degree of linear 
polarisation from Cyg X-3 in August 1975, following the 
alert by Kawayiri’ The first such outburst was observed 
in May 1974 (refs 2 and 3) Here we report observations of 
both polarised outbursts as well as of an unpolarised out- 
burst in January 1975. At 8 GHz the observed polarisation 
position angle ewas the same for both polarised outbursts. 
The Faraday rotation measure associated with the source is 
much larger than previously reported? We suggest that 
the orientation of the magnetic field in the source and the 
rotation measure are both stable with time In addition, we 
find that the highly polarised outbursts decay significantly 
more slowly than the unpolarised outbursts 

All measurements were made with the University of 
Michigan 85-foot paraboloid operating at frequencies of 
8 and 145GHz. The equipment and on-off observing 
techniques used at 8 GHz have been described previously*~°, 
Similar equipment and techniques were used at 14.5 GHz. 
All the observations were made with limear polarimeters 
except for those made at 8 GHz on May 26 and June 2, 
1974 and on August 27-28, 1975, which were obtained with 
a single-horn circular polarimeter. Observations of Cyg X-3 
were alternated with observations of the standard sources 
Cyg A or DR21 to determine the flux density calibration. 
Daily averages of the data for the polarised outbursts are 
presented in Table 1 The total flux density measurements 
have been corrected for confusion effects by the addition 
of 0.071 Jy at 145 GHz and the subtraction of either 0.73 
or 049 Jy at 8 GHz for observations made with the linear 
or circular polarimeters respectively. The standard errors 
include the statistical ;noise and the uncertainties in the 
antenna gain and telescope pointing 

The total and polarised flux densities for August and 
September 1975 are displayed in Fig 1. Only the decay 
phase of the outburst was observed Observations’ at 5 GHz 
indicate that the maximum flux density occurred on August 
22 or 23, 2 or 3d before our measurements began From 
August 26 to September 3, the decay of the total flux den- 


sity at 8 GHz was exponential with time. The line through 
the 8-GHz data points ıs a least squares fit to the data from 
August 26-27 to September 1-2 and represents an e-folding 
time of 8641h The 14 5-GHz data are consistent with the 
same exponential decay rate The spectral index from 145 
to 8 GHz during the exponential decay remained at a= 
—065+0.06 where 2=(A logS,/A logy). The same spectral 
index appears to fit the data at 5 GHz (ref. 7) which indi- 
cates that the source was transparent above 5 GHz from 
August 24 to September 5. After September 3 the rapid 
exponential decay ceased and the total flux density slowly 
and irregularly declined until September 20. By September 
10 the flux density seems to have been nearly the same from 
5 GHz to 14.5 GHz, coresponding to a spectral index a~0. 





Table 1 Flux density and linear polarisation variations with time 

















Position 
angle 
Date (uT) SyJy) PCY) (degrees) 
8.0 GHz 
1974 
May 26 5 4.18-+0 35 9.7408 80+2 
June 2.4 1.70-+0.35 701.8 8747 
1975 
August 25.3 7.3440 12 5.8+0.5 7542 
26.3 6.32 +0 14 7640.7 80+2 
27.1 5 48 +0.08 8 40.5 80 +2 
28.1 4.25 +0.18 8.4+0.5 8642 
29.0 3.21 +0.09 11.6+-1.6 8344 
September 2.1 1.04-40.03 12.5+27 87+6 
3.0 0.90 +0.06 17.1+5.1 9747 
5.2 0 46 +0.04 8.69.5 
8.1 0.54+0 04 19.8 47.0 8347 
101 0.36 +-0 08 23.4+14.8 84416 
11.0 0.47 +0.06 18.4+14.6 88+14 
171 0.27 +0.05 25.64185  143+18 
14.5 GHz 
1975 
August 27.2 3.69+0.25 12.6+2.1 146+5 
28.2 2.65+0.13 17.442.5 15444 
29.3 2.04+0.16 17.7 +4.9 1457 
September 3.1 0.64+0.07 279+14.9 15119 
9.1 0 58+0.10 22.2+15.3 2423 
12.0 0.33+0.11 15 3+28.8 
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Fig. 1 Semilog plot of total and polarised flux density against 
universal time at 8.0 (@) and 14.5 (O) GHz for Cyg X-3. The 
total flux density measurements in the upper portion of the plot 
are 40-min averages of the data. The polarised flux density 
measurements in the lower portion are daily averages. The two 
lines through the total flux density measurements are fits to an 
exponential decay with time for the datatwhere the lines are solid. 
The dotted line through the polarised flux density measurements 
represents a constant 10% degree of linear polarisation for the 
exponential decay of the total flux density at 8 GHz. 


It has been noted that the decay of the first September 1972 
outburst evolved from an exponential to a power-law time 
dependence with the exponential phase lasting longer at 
higher frequencies". The same phenomenon may have 
occurred during this outburst. The irregular flux variations 
and the apparent change in the spectral index indicate, 
however, that renewed injection or acceleration of particles 
may have obscured the decay of the outburst after Septem- 
ber 3. Hence, fits to the data extending after September 3, 
such as the one made at 5 GHz (ref. 7) may not give a true 
indication of the decay process. 

No circular polarisation was detected in either polarised 
outburst. A 2o upper limit of 0.5% for the degree of circular 
polarisation was obtained on August 27-28, 1975. Our 
measured degree of circular polarisation of 0.4+0 4% for 
the May 1974 outburst agrees with the upper limit of 0.5% 
obtained by Seaquist et al.’. 

During the August 1975 outburst the degree of linear 
polarisation increased to > 10% at both frequencies, as 
illustrated in Fig. 1. The level of polarisation at 8 GHz is 
comparable to that observed by us and by Seaquist eż al.’ 


Fig. 2 Linear polarisation position angle against untversal time 
at 8.0 (@) and 14.5 (O) GHz. The points represent daily averages 
of the data. 
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during the May 1974 outburst. Although the total flux 
density was already decreasing when we started observing 
on August 25, 1975, the polarised flux density did not begin 
to decrease until August 27. The increase in the degree of 
polarisation with time, and the fact that the degree of 
polarisation was significantly higher at the higher frequency 
(14.5 GHz) are both similar to the pattern observed during 
the May 1974 outburst?’. 

The position angles of the linear polarisation for the 
August 1975 outburst are shown in Fig. 2. The average 
position angle observed at 8 GHz from August 25 to Sep- 
tember 3 of 81.1+1.0° is the same within uncertainties as 
the value of 80.5+2.2° observed by us for the May 1974 
outburst The position angle may have changed at 8 GHz 
by ~ 10° during the 1975 outburst. The average position 
angle observed at 14.5GHz was 150+3°. If the difference 
in position angle is caused by Faraday rotation, the rotation 
measure must be at least —1,265+56rad m™°. This value 
is more than twelve times that derived from data at the 
frequencies 2.7 and 8.1 GHz (ref. 2). Observations at 4.2 
GHz for the May 1974 outburst? also indicate that the 
original determination of the rotation measure was too 
small because of the nm ambiguity in the amount of rotation 
at 2.7GHz. The excellent agreement of the observed posi- 
tion angles for the two polarised outbursts strongly suggests 
that the rotation measure and intrinsic position angle were 
the same for both outbursts. If the position angles of the 
two outbursts were completely independent, the probability 
that the difference would be not more than 0.6° is 0.7%. 
The probability that the difference would be not more than 
the quadratically summed error of 2.4° is 2.7%. We have 
fitted the observed position angles from both outbursts 
together and find that a rotation measure of —1,233+10 rad 
m™ is consistent with all the data. The intrinsic position 
angle of the linear polarisation was 043°. 

The stability of the 8-GHz polarisation position angle 
during the outbursts and between the first outburst and the 
second indicates that most of the Faraday rotation must 
occur in a region which is unaffected by the evolution of 
the outbursts. It is extremely unlikely that the rotation 
measure within the expanding emitting region would be 
the same for two separate bursts or that the internal rota- 
tion measure would not change as the emitting region 
expanded. The region producing the observed Faraday 
rotation could be either the long path through the Galaxy 
between Cyg X-3 and the Earth or a volume around Cyg 
X-3 in which material has accumulated from previous 
activity in the source. The sign of the rotation measure is 
the same as that observed for other sources in the Cygnus 
‘direction through the Galaxy, although the magnitude is 
much larger®*’. If the distance to Cyg X-3 is taken as 11 
kpc (refs 11 and 12), the observed rotation measure could 
be produced by an average longitudinal component of the 
magnetic field of 107° gauss and an average electron density 
of 0.14cm™*. These are reasonable values, especially since 
the source is located on the far side of the Cyg X complex 
of HTI regions. 

The similar degrees of polarisation and the agreement 
between the polarisation position angles for the two out- 
bursts suggest that the structure of the magnetic field in Cyg 
X-3 was the same for both outbursts The periodicity 
observed in the radio**, infrared** and K-ray™“ emissions 
indicates that Cyg X-3 is a rotating or revolving system with 
a period of 4.8 h. The absence of large changes in the 
polarisation position angle data indicates that the magnetic 
field in the emitting region is oriented near a direction 
parallel or perpendicular to the angular momentum axis of 
the object. 

Since the intrinsic position angle of the linear polarisation 
produced in an optically thin source is perpendicular to the 
transverse projection of the magnetic field, the axis of 
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Fig. 3 Semilog plot of total flux density against ur at 8.0 GHz 
for Cyg X-3. The points represent 40-min averages of the data. 


rotation or revolution of the system should be near a posi- 
tion angle of 0° or 90°. Any model for the radio emission 
from this source, especially those involving expansion where 
the particles control the magnetic field’*'*, must explain 
the observed stability of the field structure. 

Observations at 8 GHz of an unpolarised outburst in 
Cyg X-3 during January 1975 are shown in Fig. 3. The 
average degree of linear polarisation from our 23 measure- 
ments was 1.3+0.5% at a position angle of 66+12°. The 
characteristic time for the decay of the total flux density 
was ~27h wkich is similar to the decay times found for 
the other unpolarised outbursts*’’’. It is noteworthy that 
the two highly linearly polarised outbursts have decayed 
significantly more slowly than all the other observed out- 
bursts, of which four are known to have been unpola- 
rised?’® 1812, 

If there is a correlation between the decay rate and 
the existence of linear polarisation, it is an important feature 
which must be explained by any model for the radio out- 
bursts in Cyg X-3. For instance, there is a natural corre- 
lation between the decay rate and the amount of linear 
polarisation if the absence of polarisation in the unpolarised 
events is caused by Faraday depolarisation and the energy 
losses of the radiating particles arise from thermal 
bremsstrahlung. This energy loss mechanism has been 
Suggested to explain the exponential nature of the decay". 
The difference in the amount of thermal matter required for 
polarised and unpolarised outbursts is much larger, however, 
than the difference required to explain the different decay 
rates. On the other hand, it is not obvious why a correlation 
between the decay rate and the state of polarisation would 
exist for expanding source models in which the energy losses 
are due to adiabatic expansion” or to both adiabatic ex- 
pansion and synchroton radiation! Source models for 
Cyg X-3 must account for the smaller degree of polarisation 
at lower frequenciesj during the polarised outbursts. For 
example, the ratio of the degree of polarisation at 8 GHz 
to that at 14.5 GHz was 0.54+0.06. It has been suggested 
that this depolarisation effect arises from Faraday depolarisa- 
tion’. This explanation is, however, hard to reconcile with 
the stability of the polarisation position angle observed at 
e GHz. 
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Competition of neutrino and gravitational 
radiation in neutron star formation 


We look here into the possibility that neutrino radiation 
(rather than gravitational radiation) may be the dominant way 
by which non-radial pulsations are damped out in a collapsing 
star. If true, such a result implies that estimates and hopes to 
detect gravity waves from supernovae explosions may have 
been overly optimistic. 

' It has been known for some time that neutron stars and black 
holes are probably the collapsed central remnants of a supernova 
explosion. These objects presumably originate from the collapse 
of the cores of sufficiently massive (M >7Mo) stars’, following 
the cessation of thermonuclear burning. Although at the present 
no completely consistent detailed theory exists showing exactly 
how the collapse of the core and the subsequent supernova 
explosion take place, there does exist a general model? for the 
final stages of stellar evolution and supernovae explosions. 
According to this, the electrons’ of a sufficiently massive stellar 
core, due to the high density and temperature, get absorbed by 
the protons, through p+e--n+v. At the same time, huge 
numbers of neutrinos, resulting from this and other thermal 
processes (pair annihilation, plasma decay, bremsstrahlung) 
(refs 3 and 4) are emitted, taking away most of the gravitational 
energy of the collapse. These neutrinos possibly drive the 
ejection of the overlying stellar mantle, while the neutron-rich 
core further collapses to a condensed remnant. 

“The leftover remnant is of very high density (10-10 g cm~?) 
and its radius will eventually be only a few times its Schwarzs- 
child radius. This implies that general relativistic effects may be 
important in situations involving neutron stars. In particular, 
the possibility of gravitational radiation emission from non- 
radially pulsating neutron stars has been extensively examined 
and it has been shown that gravitational waves can carry away 
the pulsational energy, thus damping out the star’s oscillations. 
(Such non-radial pulsations presumably might occur during the 
collapse and formation of the neutron star.) Some workers have 
estimated® that the energy emitted in gravitational radiation in 
such an event would be sufficient to trigger existing or future 
gravitational radiation detectors. Consequently one might 
expect detectable gravitational wave pulses to be associated 
with supernovae explosions from the non-radial pulsations of 
the newly formed neutron stars. 
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As previously discussed, however, the dominant mechanism 
by which energy is carried away from the collapsing core is by 
neutrinos rather than gravitational radiation, the latter coming 
into play only at the very late stages of the collapse. This implies 
that neutrino radiation might also contribute to the decay of the 
non-radial oscillations of the collapsing core and the newly 
formed neutron star, possibly damping out these oscillations 
much faster than gravitational radiation. 

To give a more quantitative answer to this question, the effects 
of neutrino radiation on the non-radial oscillations of such 
objects have been examined (D. Kazanas and D. N. Schramm, 
unpublished). The oscillations are assumed small enough so 
that the linear approximation in the perturbation is sufficient. 
The equilibrium configuration is assumed to be static (the 
velocity of the fluid x = 0 when in equilibrium) and homo- 
geneous (yp, = 0). (The subscript zero denotes unperturbed 
quantities.) Its mass was taken to be 0.75Mo (to avoid an 
overestimate of the central temperatures) and it was assumed to 
obey an ideal gas Jaw (not unreasonable for such a hot neutron 
gas). Together with the density, these completely specify the 
equilibrium configuration (the radius, and temperature and 
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Table í Variation of central temperature and radius with density 
for a neutron star 


p(g cm~?) T(10 K) Rkm) 
1012 84 70.7 
1938 181 32.8 
1014 389 15.2 
1015 839 7.0 
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pressure distributions). Table 1 gives the radii and central 
temperatures for such a configuration for four different density 
regimes. (Of course, the figures for the highest density are only 
formal, because the equation of state then differs significantly 
from that of an ideal gas.) Assuming also an exp(ior) time 
dependence for all perturbed quantities, one can estimate a 
damping time scale from the neutrino radiation. This will be, 
approximately, the total kinetic energy of the perturbation, 
Evo, divided by the rate at which energy is lost by neutrino 
radiation, dEv/dt. This neutrino damping time scale is, as 
shown elsewhere (D. Kazanasand D.N. Schramm, unpublished), 
given by 


dE,/dt _ 1 (T—1)J8L(6p/p.) dV 
Eio 2 (04°/2) fr) apa7 








1 
T 


where the integrals extend over the volume of the configuration 
and where T is the adiabatic index, 8Z the perturbation of the 
neutrino luminosity in erg s~! cm~’, and the subscript a denotes 
that the quantities have to be evaluated for the corresponding 
adiabatic solution (with L = 0). The expression for the quanti- 
ties (66), and (8p/po), and values for oO, can be found in the 
literature®, 

One can now evaluate the damping times with 8Z corres- 
ponding to a particular neutrino production mechanism. 
Using only the dominant thermal neutrino production process, 
which for the densities and temperatures involved, appears to be 
pair annihilation, one can obtain upper limit estimates of the 
damping times due to neutrino radiation. The results for the 
four different density regimes are shown in Table 2. 

It is interesting to compare these to the corresponding 
damping times due to gravitational radiation. A variational 
calculation’ gives £ = 10s for p = 10“ gcm~* and t = 0.4s 
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Table 2 Density dependence of neutrino-damping time 





pg cm~?) Sas) t(s) 
1012 1,531 0.7 
102 4,842 5x 10-8 
107 15,310 10-3 
10% 48,416 2x10~ 
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for p = 10% g cm~, For lower densities gravitational radiation 
is essentially absent and thus te> Ty. ° 

The implication of the above result is easy to see. It seems 
that neutrino radiation, by more rapid damping of the non- 
radial oscillations of a newly formed neutron star in a supernova 
explosion, would hinder gravitational radiation, thus reducing 
the possibility of its detection. 

We would like to acknowledge discussion with W. D. Arnett, 
K. Hainebach, J. Lattimer, M. Murphy and in particular with 
D. L. Tubbs on this problem. This work was supported in part 
by the NSF and NASA. 
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Detection of interstellar HN“C 


INTERSTELLAR hydrogen isocyanide (HNC) was first 
tentatively identified’ on the basis of a calculated frequency 
for the J=1—0 transition of the most abundant isotopic 
species H“N“”C. The observed interstellar line was quite 
strong and widespread in the galaxy. A more definitive 
identification of the observed U90.7 emission line (90,663.6 
MHz)’ by searching for other isotopes was not possible 
because of the large uncertainties in the calculated 
molecular structure of HNC, and the corresponding large 
uncertainties in the calculated transition frequencies for 
H“N“C and H’*N”’C. Hydrogen isocyanide is very short 
lived in terrestrial laboratory conditions, and therefore it 
has proven difficult to measure the rotafional spectrum 
directly. The J=0—1 transition has, however, been recently 
measured independently by three groups** and the 
frequency of the major isotope is in excellent agreement 
with that of U90.7. The laboratory spectroscopy has also 


Fig. 1 HNC (a) and HN#C (x10) (6) in W51. Note the 
HNC line is broader: resolution = 1 MHz (~3.3 km s73). 
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Fig. 3 HN?C (a) and HN?°C (b) in Sag B2. Note gross differ- 
ence in line profiles, both to same scale. Resolution = 1 MHz 





(23.3 km s73). 
Yy 
ns 
ll 
ie 
M = 
T 
pa 
by a 
a 
| 
| 
b b 
b 
veta Oe L —_—1______ — 
50: 0 +50 -200 -100 0 100 -50 0 50 
Vise (kin sT +) i Vise (km s~ ) Vise (km sT zs) 


Fig. 2 HNC (a) and HNC (x 10) (b) in DR21 (HCN peak). 
Note HN?°C line is nes kes Aei resolution = 250 kHz 
~0.83 km s7 


yielded the “C isotope transition frẹquency*. Immediately 
following this measurement, we searched for and detected 
the HN“C J=1-—0 rotational spectral line at 87,090.6 MHz 
in the galactic molecular source W51 (Fig. 1) on the NRAO 
il-m telescope in March, 1976. Because of calibration 
problems with our receiver, we simultaneously observed the 
%C isotope so that relative abundance determinations might 
ultimately be made from our data. Appropriately, W51 was 
the source in which Snyder and Buhl first detected the 
J=1>0 transition of HN”C. In addition, the HN*C line 
was detected in DR21, Sag B2, and possibly also NGC2264 
and IRC+10°216 (Figs 2-5). All of these sources also 
showed the HN”C emission line. In addition, we detected 
HN”C in W3 (Fig. 6), but were unable to detect the “C 
isotope there due to equipment failure. These results are 
summarised in Table 1. 

We attempted to refine the HN®C rest frequency in the 
narrow line source DR21. Assuming that HN**C occurs at 
the common velocity of —3 km s™ for this source position, 
our observations indicate a rest frequency of 87,090.71 
(0.25) MHz. This compares favourably with our laboratory 
data and those of Creswell et al.*. Snyder and Hollis’s® rest 
frequency for HN”C of 90,663.37 MHz indicates, however, 
a velocity of —5.25 km s™. This would necessitate a rest 
frequency of 87,091.36 MHz for HN*“C which is further 
from the laboratory data than one would like. Thus our 
data indicate the HN“C frequency to be slightly higher in 





Table 1 Results of observations 


Source T,* HNYC T,* HNC 
name RA (1950.0) dec. (1950.0) (K) (K) 
(h min s) 

w51 19 21 23 +14° 24 30” 4.8 0.18 
DR21 20 37 10 42° 09 00” 3.3 0.39 
Sag B2 17 44.11 —28°22’ 30” 2.8(complex) 0.95 
NGC2264 6 38 28 9° 32°06" 4.1 (0.27 2) 
IRC+10°216 9 45 15 13° 30’ 40” 0.6 (0.11 2) 





T,* is antenna temperature divided by the beam efficiency corrected 
t8 outside the Earth’s atmosphere. . 


Fig. 4 HN*°C (a) and possibly HN*°C (x 10) (b) in NGC2264, 
Resolution = 250 kHz (~0.83 km s~). 
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frequency than our laboratory measurement. This is also 
more consistent with our data in W51 and Sag B2 (taken 
with lower resolution). 

Our Sag B2 spectra (Fig. 3) are very interesting. The 
HN”C spectrum displays a double peaked structure with 
a profound dip in the middle. A similar double structure 
has also been observed in NeH* (ref. 7) and the J=2-1 
transition of “CS (ref. 8) (we observed the J=2-~1 of 
8C’S to be a single broad feature centred on roughly 
60 km s'). ‘HNC, however, displays a very narrow feature 
almost exactly centred on the HN”C dip, with a weak broad 
base underneath. The most straightforward interpretation 
of these data is that the HN”C is optically thick and 
self absorbed while the HN*C is not. The position of the 
narrow HNC peak is consistent with this interpretation, 
as is the broad base. The very narrow HN“C feature is, 


Fig. 5 HN?°C (a) and possibly HN?°C (b) in IRC+10°216. 
Note scales are unrelated. Resolution = | MHz (~3.3 km s73). 
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Fig. 6 HN!C in W3. No data were obtained on HN*°C due to 
equipment problems. Resolution = 250 kHz (~0.83 km s7). 


however, intriguing and we cannot help but be impressed 
with the possibility that the HN’C and HN*C are not 
spatially coexistent. Perhaps both conditions occur to some 
extent. One interpretation of the extremely narrow HN*C 
feature is that it results from a localised region consider- 
ably enhanced in “C. This problem is certainly worthy of 
further study. Similar effects in the isotopes of HCN have 
previously been observed by R. A. Linke (private com- 
munication) and are currently under study by him (and 
coworkers). 
We thank the staff of the NRAO at Tucson, and 
especially Dewey Ross and Jack Cochran. We also thank 
the University of Kentucky Graduate School and the 
Australia Research Grants Committee for support. NRAO 
is operated by Associated Universities Inc. under contract 
with the NSF. 
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The second Z-propagation window 

Erus}? investigated the condition in the ionosphere under 
which an upgoing ordinary radio wave is converted, through a 
coupling process, into an upgoing extraordinary wave in the 
Z mode. (Propagation in the Z mode requires the presence of 
both an ionised gas and a magnetic field; hence such waves 
cannot be received in free space.) This occurs for a wave incident 
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on the ionosphere from below with its wave normal close,to a 


‘ critical direction in the magnetic meridian plane. This direction 


is such that when the wave reaches the level where X = 1, 
which is normally a complete reflector for the ordinary wave, 
its wave-normal direction has become close to the magnetic 
field line direction. The symbols X and Y are as usually defined 
in magnetoionic theory (see Ratcliffe’). The level X=1 
becomes semi-transparent for a cone of angles centred on the 
critical direction. This cone is called the ‘Elis window’. The 
Z-mode waves are reflected at a higher level where X = 1+ Y. 
Here I wish to draw attention to a window which is relevant 
to the escape of Z-mode radiation produced naturally in the 
topside ionosphere. 

It is well known from satellite observations that radio noise 
is produced by charged particles streaming through the mag- 
netosphere and ionosphere (see Mosier et al.4 and references 
therein). One frequency range in which particularly intense 
noise is observed is that lying between the plasma frequency fp 
and the upper hybrid resonance (UHR) four = (fp? +f 
where f, is the gyro-frequency; all frequencies refer to condi- 
tions local to the spacecraft: This is the frequency range where 
Z-mode radiation can attain very low phase velocities allowing 
interaction between waves and particles, and it is generally 
accepted that the intense noise is in the Z mode. Normally the 
noise cannot escape very far from the source region since it is 
reflected from the level where X = 1+ Y and absorbed at the 
level where X = (1— Y?)/(1— Y? cos?6) where 0 is the wave- 
normal direction. If, however, the waves propagate past the 
level XY = 1, which lies between the above two levels, with 
their wave-normal directions close to the magnetic field 
direction then the coupling process between Z mode and 
ordinary mode considered by Ellis becomes operative. If, in 
addition, Y>1 at the level ¥ = 1 then another propagation 
window appears involving coupling between Z-mode and 
whistler-mode waves, the latter being free to propagate to the 
ground. 

The condition that Y>1 at Y¥=1 is probably met at 
geomagnetic latitudes >70° for altitudes >3,000km, as is 
apparent from Fig. 1 which is based on our present limited 
knowledge of the plasma-density in this regiot®. The frequencies 
which could be coupled are seen to be ~ 20 kHz-800 kHz. 

It is significant that auroral hiss, which is broadband noise 
observed on the ground and on satellites in the geomagnetic 


Fig. 1 Polar ionospheric model showing the expected radial 

variation of the plasma frequency f,, the gyro frequency f,, and 

the UHR frequency funr. The region between fp and funr is 

where UHR noise from charged particle fluxes is expected. 

Whistler-mode noise appearing as a consequence of propagation 

through the second Z-mode window is shown shaded below 
the fp curve. 
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latitude range 70°-80°, covers a rather similar frequency range®. 
Therefore in any computation of hiss intensities it is important 
to consider the possible contribution from radiation which has 
passed through the second Z-propagation window mentioned 
here. 

It is clear that the process’'is reversible, in that upgoing 
whistler waves with wave normals lying within a cone centred 
on a certain critical direction, can be coupled to Z radiation at 
X = 1 in the topside ionosphere. The Z radiation so produced 
will be absorbed at the level Y = (1— Y*)/(1— Y? cos?) where 
the wave energy is transferred into heat resulting in an increase 
in the temperature of the local plasma. Thus it may be possible 
to consider this process as a means’ of modifying the topside 
ionosphere by using a high power, low frequency transmitter 
at high latitudes. 
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Is the Earth expanding? 


THERE have been many determinations of the acceleration of the 
Moon’s mean longitude, mostly based on observations of 
occultations:since 1680. and on records of:ancient eclipses! ™. 
All these results have. been expressed in Ephemeris Time, based 
on the annual apparent motion of the Sun about the Earth. 
Since 1955 Atomic Time came into use based on the period of 
oscillation of the caesium atom which is, by definition, constant. 
A new analysis of lunar occultations observed from 1955 to 
1974 using At8mic Time, by Van Flandern (unpublished) gives 
a value for the acceleration of the Moon’s mean longitude 
differing from other determinations which used the Ephemeris 
Time scale. His new results differ from earlier work?°. The data 
reveal a difference between Ephemeris Time and Atomic Time 
of 25 s a century. Van Flandern suggests that the most probable 
explanation is a decrease in the gravitational constant, G, by 8 
parts in 10" per yr. Such a decrease would mean that the Earth 
is expanding somewhat and there 1s some geological evidence 
supporting this. We tried to check this conclusion using a 
method for determining the lengthening of the day verified by 
Wells" in which the number of tiny lines of ridges on well 
preserved epitheca of corals in their annual growth increments 
are counted. We found no evidence for any expansion of the 
Earth in the past 5 x 108 yr. s 

More extensive results have been published by Panella et al.12 
giving the number of days in the year for different geological 
periods. Their oldest corals are from the Cambrian, 520 Myr 
ago. The Table of Panella et al. giving the number of days, T'e, 
in the sidereal year has been extended by us to derive the 
length of the day, D, in hours and the angular rotational velocity, 
Q, of the Earth. By plotting the time dependence of Q (Fig. 1) 
and by assuming a linear decrease, which seems fully justified, 
we find a value of the time derivative , 


Q = (—6.88-£0.05) x 10-2 rad s~2 





From this it follows that 
Q/Q = —(29.91 £0.05) x 10-4 yr 


éis in excellent agreement with ref. 9. 
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Fig. 1 The rotational velocity of the Earth derived from fossil 
corals during the past 540 Myr. 


The total angular momentum of the Earth-Moon system 1s 
given by 


P = CQ+mr+co 
where m is the mass of the Moon, v is the linear velocity of the 
Moon ın its orbit, r is the distance of the Moon, is the angular 
velocity of rotation of the Moon, and c is the moment of inertia 
of the Moon. As bothc<Cand œ< Q we can ignore cw so that 
P œ Pe+Pm 
where Pg = CQ and Pym = myr = m(GMr)"? where M is the 
mass of the Earth. í 


As a closed system cannot lose angular momentum, the Moon 
must gain the angular momentum lost by the spinning Earth. If 


Fig. 2 The decrease of the angular momentum of the Earth 
calculated by counting growth ridges in fossil corals. 
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we define the present angular momentum of the Earth as 
Pp = 1, the present value for the Moon is Pm = 4.964, and 
P = 5.964. Therefore 


Pe = 5.964—4.964(r/ro)¥? () 


where ro is the present distance of the Moon and we ignore the 
small variation of G. 

Scrutton!? has studied other bands between the yearly 
expansions found on some fossil corals and he suggested that 
they might reflect monthly fluctuations in growth influenced by 
variations in the light of the Moon. Each band contained 30.6 d 
and the corals investigated lived ~ 380 Myr ago in the Middle 
Devonian. From his 30.6 d we can calculate the length of the 
synodic month in hours for that time by using the length of the 
day, D, found in ref. 12. By using the number of days in the 
year we can then calculate the length of the sidereal month in 
the Middle Devonian and with the third law of Kepler we can 
easily derive from it the lunar distance r at that time. 

The value of Px in the Middle Devonian can now be found by 
substituting the value of r in equation (1), and from its value 
6.53 x 10” g cm? rad s~}, plotted in Fig. 2, we derive 


Pg = —1.76X10* per 10° yr 


and 


P,/Pe = (—30+43)x 1071 per yr 
As Pg ~ 0.4MR?Q, where R is the radius of the Earth, we may 
write 


The value of YQ derived from Fig. 1 is practically the same as 
the value of Pe/Pg found from Fig. 2. The conclusion seems 
inevitable that 


RIR ~ 0 ` 
so that the Earth has not expanded much during the past 
5x 108 yr. 

An expansion of the Earth has already been pointed out by 
Holmes? and by Wesson” in a discussion of continental drift 
and seafloor spreading. If G is decreasing, the Earth should 
expand because of the decreased weight of the surface layers. 
This idea has been developed by Van Flandern (unpublished) 
in his discussion of the decrease of G. It would be very desirable 
that more extended counts on growth lines be made for fossil 


corals of different geological periods to check the points in 
Fig. 2. 
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Test of the fipohir nature of the geomagnetic 
field throughout Phanerozoic time 


THE morphology of the geomagiietic field throughout the 
Earth’s history is of interest first, in a general way, to 
geomagnetists in terms of long term implications concerning 
the Earth’s core, its thermal regime and the motions in it, and, 
second, in a very particular way, to palaecomagnetists since the 
geocentric dipole model is universally used in mapping observed 
field directions into palaeomagnetic poles. Runcorn’? has 
given strong reasons for supposing the mean geomagnetic 
field to be symmetrical about the Earth’s spin axis. He has 
also argued’, on the basis of early palaeomagnetic data, that a 
dipolar field coupled with continental motion is preferable to 
higher order axial multipole fields. Here I discuss an obser- 
vational test, based on the much larger body of palaeomagnetic 
data now available, to discriminate between a dipole field and 
those of higher order multipoles. 

Attention is restricted to the angle of inclination, J, since 
absolute reference meridians are not available in `palaeo- 
magnetic studies. Suppose a large number of instantaneous 
measurements of |Z| are made at randomly distributed 
geographical sites. For any given geomagnetic field a definite 
frequency distribution of |Z| exists, and can be obtained by 
simply estimating the relative surface areas of the globe 
corresponding to any chosen set of |Z| classes. For instance, a 
dipole field is horizontal at the equator and has |Z| = 10° at 
latitude 5.1°, whereas the field is vertical at the spin axis and 
has |Z| = 80° at latitude 70.6°. The surface areas of these two 
zones imply that if sampling is sufficient and geographically 
random we expect the 0-< |Z| < 10° band to constitute 8.8% 
of the results and the 80° < |Z| < 90° band to constitute only 
5.7%. Figure 1 shows the dependence of inclination, |J|, on 
latitude, à for the first four multipoles (dipole, quadrupole 
and so on) obtained from the relationship 

tanl/ = —(1+/)Pi/(@PI/28) (1) 
where P/ is the Legendre polynomial of degre /, and 0 is the 
colatitude (9 = 90—A). In Fig. 2 the corresponding frequency 
distributions of |Z| are given. The most notable features are 
the markedly low value in the range 80°-90° and the high peak 
in the range 60°-70° for the dipole curve. 

Before comparing the palaeomagnetic data with the theo- 
retical curves it is essential to enquire if they do, in fact, 
represent a random geographical sampling. Referred to the 
present latitude/longitude grid they clearly do not, because of 
uneven distribution of land and the existence of areas of 
relatively intense scientific effort. Throughout the past 500-600 
Myr, however, considerable polar wander and/or continental 
drift has taken place*® and we proceed on the assumption that 
these have been sufficient to render the palaeomagnetic sampling 
random in a palaeogeographical sense. 

Values of |7| have been compiled from the list of Hicken 
et al.*, who feel that it is “approximately complete up to 1971”. 
To minimise the effects of spatially and/or temporally con- 
centrated sampling, unit weight has been given to each 
10°x 10° latitude/longitude square for each geological period 
from Cambrian to Tertiary inclusive (~ 600 to 2 Myr BP). 
Thus if, for example, N results are available from a certain 
latitude/longitude square for a particular geological period, 
each |Z| datum has been given a weight of 1/N. Use of the 
geological periods is convenient and can be justified on the 
grounds that apparent polar wander takes place at about 
0.2° Myr and that the periods represent about 50 (+20) Myr, 
which implies typical within-period movement of about 10°. 
This is comparable with typical palaeomagnetic errors, and thus 
implies that a finer subdivision would be of little value. 

Data from the Quaternary and the Precambrian were not 
included. The large body of data from the Quaternary would 
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Fig. 1 Variation of angle of inclination, |Z|, with latitude A, 

for axial multipole fields. The numbers by the curves refer to the 

degree of the appropriate Legendre polynomial (1 = dipole; 
2 = quadrupole and so on, see equation 1). 


give undue weight to the past 2 Myr that it represents and, in 
any case, several authors’’® have convincingly demonstrated 
the essentially dipolar nature of the field for this time interval. 
In the case of the Precambrian, the time involved is very 
_long (~ 2x 10° yr) but the data density is generally too low 
and is highly variable, and furthermore the assignment of 
accurate ages is often not feasible. For the time interval 
Cambrian to Tertiary the list of Hicken et al. yields a total of 
1,271 inclination values, but the weighting procedure adopted 
reduces this to 430. The distribution of |Z| is shown in Fig. 2, 


Fig. 2 Frequency polygons showing the distribution of |Z] for 
axial multipole fields. The curves, and the numbers by them, 
correspond to the curves of Fig. 1. -+, Observations. 


- Frequency (%) 
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which indicates that the fit to the dipole curve is very reasonable, 
and is certainly favoured over the higher order multipoles. 
The main discrepancy, at low inclinations, probably reflects 
sampling inadequecies rather than any real feature since the 
total observations in the range 0-30° is 26.8% which agrees 
closely with the expected value of 27.7%. Another factor adding 
noise preferentially to a dipole model at low inclinations could 
be the enhanced effects of secular variations at low latitudes’. 

A x? test can be used to compare the observations with the 
predicted distributions and yields x? = 13.49 for the dipole 
case. With eight degrees of freedom the critical value of x? is 
15.51 (P = 0.05) which indicates that we cannot assert that the 
two distributions differ. For /> 2 the same test strongly 
indicates that the observed distributions differ significantly 
from the expectations, %? having values 27.98, 34.57, and 37.15 
for l = 2, 3, and 4, respectively. Since palaeomagnetic errors 
are generally of the same magnitude as the class widths used 
here, it is perhaps worth while to calculate x? for a coarser 
subdivision. Using three classes (0-30°, 30°-60°, and 60°-90°) 
yields x? = 2.37, 6.61, 8.88, and 9.98 for l = 1, 2, 3, and 4 
respectively, compared with the critical value of 5.99 (two 
degrees of freedom, P = 0.05). Again, no difference can be 
claimed for the dipole case. 

I conclude that the frequency distribution of palaeomagnetic 
inclination angles implies that the geomagnetic field has been 
essentially dipolar throughout Phanerozoic time. 

I thank Dr M. C. Frazer for discussion and collaboration 
during the initial stages of this work, Mrs W. I. Gough for 
assistance, and Dr D. I. Gough for reading the manuscript. 
Financial support was received from the National Research 
Council of Canada. 
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Frequency of foreshocks 


IN February 1975, the Chinese Seismological Bureau success- 
fully predicted a magnitude 7.3 earthquake near Haicheng, 
Liaoning Province. From their reports, it is obvious that many 
methods such as radon count, abnormal animal behaviour, 
seismic velocity, and tilt and telluric current anomalies were 
considered in making the long term prediction?. The short term 
prediction, however, was based primarily on foreshock 
activity. That foreshocks were important in the prediction 
raises the question of how common they are. We here analyse 
the frequency of foreshocks before shallow earthquakes with 
magnitudes greater than 7. Our findings show that 44% of all 
large shallow events in the world from 1950 to 1973 had fore- 
shocks large enough to be teleseismically recorded, and that 
21% of the large earthquakes that occurred in China between 
1900 and 1949 had foreshocks large enough to be noted in local 
records. 

We used two catalogues to cover the different periods of 
time. We searched the catalogue of Chinese earthquakes‘ for 
the period 1900-49 for events preceding and near each earth- 
quake with M > 7.0. Since the smallest magnitudes listed 
are about 4.5, and since they are listed only for the more recent 
portion of this period, the catalogue does not include many 
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Number of earthquakes 





Days before mainshock 


Fig. 1 Foreshock activity as a function of time before, main 
shocks. For each day before main shocks the total number of 
foreshocks and the number of days before which the foreshock 
closest in time to the main shock (hatched area) occurred are 


shown. 


small events that would have been recorded and located with 
present-day instrumentation. For the period 1950-73, we 
searched a catalogue of world events compiled by the National 
Oceanic and Atmospheric Administration (NOAA) for fore- 
shocks before all events in the world with M > 7.0 (1950-64)5, 
and (1965-1973)§. The NOAA list includes all events located 
with teleseismic recordings by US Government agencies (Coast 
and Geodetic Survey, NOAA and Geological Survey) and by 
the Bureau Central International de Seismologique. Therefore, 
only events with M > 4 are included. The list is complete only 
for events with M > 5 (refs 7 and 8) for more recent years. 
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For some periods of time and some epicentral areas the location 
capability was particularly low, and no relatively large fore- 
shocks or aftershocks were located. As we were interested in 
how many major earthquakes were preceded by foreshocks, 
we decided not to include events with two or less aftershocks 
listed in this catalogue. Thus, of the 246 events between 1950 
and 1973 with M > 7.0, we used only 163. In fact, of 83 events 
with two or less aftershocks, 7 were preceded by at least one 
teleseismically located foreshock. 

Because the source dimensions of earthquakes with M > 7 
are of the order of 100 km, and, because of expected inaccuracies 
in epicentral determinations, only events located within 100 km 
of the main shocks were considered to be foreshocks, even 
though aftershocks often occurred at greater distances from 
them. To be classified as a foreshock an earthquake also had to 
occur within 40 d of the main event. By- that criterion, however, 
31 of the 72 cases of foreshock activity actually occurred 
within 24 h of the main shocks and 58 were within two weeks 
(Fig. 1). : 

Figures 2 and.3 show the geographical distribution of the 
main shocks studied, and also show which had teleseismically 
located foreshocks. Seventy-two of 163 major earthquakes 
between 1950 and 1973, or 44%, had at least one foreshock in 
the NOAA list. Of the earlier earthquakes in China, 10 of 48, 
or 21%, had foreshocks. The lower value for China probably 
reflects a less complete record for the period 1900-49 than for 
more recently. In fact, Immamura® noted in 1937 that. “big 
earthquakes” are preceded by foreshocks only 20% of the 
time, but anticipated that this percentage would increase as 
better,instrumentation was installed. ' 

It seems that even 44% is too low an estimate. Many earth- 
quakes that had no foreshocks in the NOAA list (and thus not 


‘included in the 44%) are, in fact, known to have been preceded 


by foreshocks. For instance, Richter”? mentioned that a fore- 
shock occurred within 24 h of both the 1952 Kern County, 
California, and the 1954 Fairview Park, Nevada, earthquakes. 
There were 35 earthquakes in the two days before the. March 
1966 earthquake in the Republic of the Congo", a week of 
foreshock activity preceding the 1965 earthquake in the Ceram 
Sea‘, and 10 foreshocks within 24 h of the August 1, 1968 
Luzon earthquake}. Evidently, none of these foreshocks was 


i f e 

Fig. 2 Map showing earthquakes with M = 7.8 (circles) and 7.0> M <7.8 (triangles) during 1950-1973, exclusive of China, for which 3 or 

more aftershocks were located. Events for which at least one foreshock (closed symbols) was located and no foreshocks (open symbols) 
were located are shown. x, Events with less than 2 telesersmically located aftershocks, but with foreshocks. 
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located teleseismically. Although foreshocks were the basis of. 
the prediction of the 1975 Haicheng earthquake, none was 
teleseismically located by the US Geological Survey. We 
searched for field reports of the major events between 1950 
and 1973, and found documentation of foreshocks in eight 
cases, for which no teleseismically located foreshocks were 
listed. 

We sought pôssible correlations between the incidence of 
foreshocks and the magnitude or the tectonic setting of the 
earthquake, but no definite pattern emerged. Thirteen of the 
twenty-five great earthquakes (M = 7.8) had foreshocks, 
giving an incidence rate greater than 50%, but there are not 
enough data to make this conclusive. 

That 44% of the earthquakes with M = 7.0 and at least 
three teleseismically located aftershocks were preceded by at 
least 1 teleseismically located foreshock suggests that foreshocks 
are a common occurrence. The Chinese have shown that they 
can be used to predict major earthquakes. The large number of 
locally recorded foreshocks preceding the 1965 Ceram Sea, 
1966 Republic of Zaire, and 1968 Luzon earthquakes could 
have provided a data base comparable to that of Haicheng, 
and with adequate instrumentaion may have opened the door 
to prediction. That is not to say that all earthquakes can be 
predicted by foreshock activity, as there do not yet seem to be 
definitive methods for discriminating foreshock activity from 
background seismicity. Not all earthquakes, in fact, seem to be 


preceded by foreshocks. The February 9, 1971, San Fernando . 


earthquake (M = 6.6) is an example1*. Moreover, it is not ob- 
vious that the magnitude of an impending earthquake could be 
predicted by foreshocks alone. 

_ Nevertheless, with the growing evidence of short term 
premonitory slip before|major earthquakes? 4-18, the frequent 
occurrence of foreshocks may indicate that premonitory fault 
slip or accelerated deformation in the focal area is a ubiquitous 
phenomenon preceding’ all major earthquakes. Indeed, the 
rapid increase of seismic activity before major earthquakes 


(Fig. 1) is similar to that of microfracturing observed in the 
laboratory’. Foreshock activity could well be the cause of 
many of the reports of anomalous animal behaviour. Together 
with aseismic deformation it could also be responsible for 
ground tilt, telluric current, magnetic field and well water level 
changes in the few days preceding major earthquakes. Thus it 
seems possible that all short term (and perhaps long term") 
premonitory phenomena are a consequence of either seismic 
or aseismic slip before major earthquakes. 

We thank W. F. Brace and F. Press for interest and encourage- 
ment. This research was supported by an Alfred P. Sloan 
fellowship and by the National Science Foundation. 
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Semiconductor liquid junction 
solar cells based on anodic sulphide films 


ALTHOUGH good performance has been achieved with established 
solid state junction solar cells, their cost remains well above that 
required for large scale terrestrial applications. New concepts? 
for photovoltaic energy conversion have been introduced which 
involve the junction between a semiconductor and an electro- 
lyte. These schemes may lead to new possibilities of considerably 
reduced materials and fabrication costs, providing that many 
technical problems could be solved. We report here metal- 
semiconductor-liquid electrolyte junctions in which an n-type 
sulphide semiconductor is anodically formed in situ on its metal 
and, under photoexcitation, drives a sulphide—polysulphide 
redox couple when connected to a suitable cathode. The 
original contribution in this area was made by Gerischer? who 
demonstrated that the cell (single crystal n-CdS/Fe(CN),!-, 
Fe(CN),?~/SnO,) hasan initial conversionefficiency > 5°% (ref. 3) 
for sunlight to electric power, in spite of the 2.4-eV band gap of 
CdS, which implies that wavelengths’ > 550 nm (the greater 
part of the incident solar photons) are ineffective. 

In the Gerischer cell, photoexcitation of an n-CdS single 
crystal causes the transfér of holes to the reduced form of the 
redox couple and forms the anode of the solar battery. The 
circuit is completed through the transparent cathode of doped 
SnO, at which Fe(CN),°~ is reduced. As Gerischer has pointed 
out, the major problem in such a cell is that the reaction. 


CdS+2h+ —>Cd?++S (1) 
competes with the desired hole injection 


Fe(CN),~*-+-h+—_+Fe(CN), ~? ' (2 
' CdS a 


and leads to rapid surface degradation. Such corrosion pro- 
blems are inherent in most semiconductors with the exception 
of wide band gap materials such as n-TiO, used by Fujishima 
and Honda? for the photo-assisted oxidation of water. 

Experience with CdS in this laboratory and elsewhere‘ has 
shown that the problem of poor stability can be reduced, at the 
expense of lowering the driving potential and thus the conver- 
sion efficiency, by using an aqueous Na,S—Na,S, redox couple. 
The overall anode reaction 


xS?-4-2(%—1)h+——+S,?- (3) 


competes more efficiently than reaction (2) with the corrosion 
path (1) because it proceeds at an electrode potential that is 
more negative by ~ 0.6 V. Additionally, any low level forma- 
tion of sulphur can be prevented from covering the electrode 
by the dissolution reaction 


S+S?-—>S,?- (4) 


We show that polycrystalline CdS, anodically formed in the 
presence of Na,S, can replace single crystal CdS in, solar cells. 
The preparation ‘of such cells is simple and inexpensive. Other 
metals may be used to produce sulphide semiconductors with 
responses into the infrared which ‘overlap better with the spec- 
trum of sunlight. 7 

Electrodes were made from materials of > 99.99% purity 
using 10-mm sheet or cast rods of cadmium and bismuth cast 
from melted shot. The electrodes were defined by potting in 
epoxy resin. The current-voltage curves shown were obtained 
with rotating electrode disk configuration of active areas 
0.429 cm? and 0.183 cm? for Cd and Bi, respectively. Counter- 
electrodes were either platinum or spectroscopic grade carbon 
rods. Spectra were obtained on stationary electrodes in vertical 
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Fig. 1 Photoresponse spectra of the Cd/CdS electrode in 1F 
NaS and the Bi/B1,S, electrode in 1F Na,S-0.05F S. 


potted configurations. Potentials were measured against a 
standard calomel electrode (SCE). 

Cells with Pyrex windows at the side (vertical specimens) or 
the bottom (rotating disk electrodes) were used for appropriate 
illumination of the sample. For present purposes no attempt 
was made to optimise the design or electrode placement for 
power efficiency. 

Solutions were prepared from reagent Na,S and flowers of 
sulphur and were filtered before use. Spectra of the yellow poly- 
sulphide solution were obtained on a Cary 14 spectrometer. 

For photoresponse spectra, electrodes were illuminated by 
400-Hz ‘chopped, monochromatic radiation obtained with a 
650-W tungsten (iodine) lamp and a 1-m Spex Czerny—Turner 
grating monochromator. The electrochemical response was 
processed with a lock-in amplifier referred to the chopper 
frequency. A Corning 2-58 filter, which cuts off wavelengths 
< 6,300A, was used to prevent harmonic response at the higher 
wavelengths. The photoresponse spectra were corrected for 


Fig. 2 Current—-voltage characteristics of the non-illuminated 

and illuminated cells (a) Cd/CdS/Na.S-Na.S,/C and (b) Bi/ 

Bi.S;/Na,S-Na,S,/C with electrolyte concentrations 1F Na,S 
and 0.05F S. 
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monochromator throughput light source spectrum, and 
solution absorbance. ` 

The cells were activated by anodising the metal (Cd or Bi) 
ig the Na,S, electrolytic solution. Anodisation could be accom- 
plished both galvanostatically and potentiostatically. Following 
anodisation, the electrodes develop an opaque layer of the 
sulphide which, as expected, is yellowish ın the case of CdS 
and black in the case of Bi,S3. 

The electrochemical control circuitry used a conventional 
operational amplifier galvanostat—potentiostat. Photovoltaic 
cell operation was simulated by applying constant or linearly 
scanned currents in the spontaneous direction (Cd or Bi 
sulphides anodic) and then measuring the cell voltage (counter- 
electrode positive) and/or the potential of the photoelectrode 
against SCE which separated out any appreciable polarisation 
from the counterelectrode reaction. Photo-response spectra 
were obtained by chopping the incident beam and using as 
synchronously chopped output either (a) the potential relative 
to the counterelectrode or the SCE at open circuit or constant 
load current or (b) the current output when the photoelectrode 
was operated potentiostatically. The spectral response was 
found to be independent of the mode of operation or load. 

The two cells considered in this work are 


Cd/CdS/Na,S-Na,S,. (aq)/C 
and 


B1/Bi,S;/Na,S—Na.S,(aq)/C 


The anode reaction of these cells is shown in equation (3). The 
cathode reaction is 


S.27-+2(%— De x8?- (5) 


As noted from the sum of equations (3) and (5), there is no 
net chemical change in the functioning cells. 

Figure 1 shows the photoresponse spectra of the n-CdS and 
n-Bi,S, surfaces formed by anodisation in IF Na,S and 1F 
Na,S-0.05F S, respectively. As expected from the 2.4-eV band 
gap of CdS (ref. 5), the response of the electrode starts declining 
at 480 nm and becomes negligible at 580 nm. The band gap of 
BiS, is ~ 1.3-1.4 eV (refs 6, 7) and the photoresponse is 
observed even at 900 nm, as expected. This response overlaps 
a substantial part of the solar spectrum after atmospheric 
filtering®, 

The current-voltage curves of Cd or Bi disk electrodes 
paired with a carbon rod cathode in very low Jevel light and 
with illumination are shown in Fig. 2. The curves of both CdS 
and BiS, are reasonably close to being rectangular, indicating 
no dominating internal resistance losses. The changes in cell 
voltage and the changes in the Cd or Bi potentials measured 
against the reference electrode (SCE) are nearly identical, and 
the latter are not shown. Overpotentials attributable to the 
carbon cathode appear to be negligible with the large cathode/ 
anode area ratio of these cells. 

The open circuit voltage of the Cd/CdS/Na,S—Na.S.,/C solar 
cell under illumination is 0.59 V (see Fig. 2) or about half 
that reported by Gerischer? for the CdS (single crystal)/Fe 
(CN)-,2~4/SnO, system. This difference results from the 
higher Fermi level (redox potential) of the Gerischer solution. 
Sacrifice of part of the working potential leads to a cell which 
does not deteriorate by oxidation of surface sulphide to sulphur 
during operation. 

It is apparent that |the technique can easily be extended to 
other sulphides or anodic films. Considerable work remains to 
be done to establish whether efficiency and long term stability 
can be brought to levels that would make such cells practical 
for terrestrial solar energy conversion. 
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Opto-acoustic spectroscopy of products 
of continuous photolysis of nitromethane 


THE photolysis of nitromethane has been carried out with both 
continuous (see ref. 1) and flash sources (see ref. 2), but for 
continuous photolysis no concurrent spectroscopy has been 
reported. This is in general true of most photolysis experiments, 
since the steady-state concentration of intermediates produced 
by continuous sources is usually insufficient to record spectra 
without depending on some matrix isolation procedure. We 
report here on gas phase continuous wave photolysis experiments 
using opto-acoustic detection of the energy absorbed by inter- 
mediates from a continuous wave (CW) tunable dye laser’. 
This allowed the detection of intermediate concentrations of 
~ 103 mol cm™?. Opto-acoustic detection was discovered by 
Bell nearly a century ago, but was recently revived as a means of 
monitoring low concentrations of pollutant molecules®®. In 
our experiments the intermediates act as the ‘pollutant’ mole- 
cules to be detected. 

The reaction vessel was a 5-cm long block of stainless steel 
through which a channel 0.5cmx1.0cm had been cut. This 
channel was connected to a sidearm containing a sensitive 
microphone and to a small reservoir containing the sample. 
Two quartz windows sealed the ends of the channel. The 
unchopped and unfiltered output from a 250-W medium pressure 
Hg lamp was focused down to pass through the channel from 
one end. Tunable CW dye laser radiation, chopped at ~ 
1.4 kHz, passed through the cell in the opposite direction. 
If the incoming chopped radiation is absorbed by a constituent 
in the cell that part cf the absorbed energy degraded to heat will, 
in a constant volume enclosure, set up a modulated pressure 
wave at 1.4 kHz detected by the microphone. 

Previous experiments? on pure nitromethane yielded evidence 
of nitroxyl and formaldehyde production together with OH and 
CN radicals. Neither nitrogen dioxide nor nitrosomethane 
were detected in these conditions, whereas they had been 
detected in the presence of excess nitrogen. Since the primary 
process is most probably 


CH,NO,—-CH,+NOz (1) 


NO, at least should be formed in the photolysis of pure 
CH;NO,, and indeed was detected by electron paramagnetic 
resonance (EPR) measurements’. 

Figure 1a shows the opto-acoustic spectrum between 580 and 
610 nm obtained from a sample of pure nitromethane at a 
temperature of 50 °C (pressure ~ 90 mmHg) under continuous 
photolysis. It was confirmed that, before photolysis commenced, 
no signal in this wavelength region existed. The spectrum of 
Fig. 1a thus corresponds to a species created by the photolysis. 
-Figure 1b shows the spectrum obtaimed on buffering the nitro- 
methane with 275 mmHg of argon and Fig. le using 275 mmHg 
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Fig. 1 Opto-acoustic spectra of CHNO, during contmuous 

photolysis: a, pure CH;NO,; b, CHs;NO, in 275 mmHg argon; 

c, CHNO, in 275 mmHg oxygen; d, Opto-acoustic spectrum 

of 3x10— mmHg NO, in 300 mmHg Ng. (The spectra are 

uncorrected for the smooth variation in dye laser power output 
over its tuning range.) 
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of oxygen as a buffer. For comparison we show the spectrum 
of NO, taken in the same cell (but without the photolysis 
lamp) at ~ 3x10-* mmHg in 300 mmHg of N,. It is evident 
from a comparison of the spectral features ~ 586 and 590 n 
that we are recording the presence of NO, at levels ~ 10-4 mmHg 
during the photolysis of nitromethane. The additional features 
at 607 and 610 nm disappear when oxygen is used as a buffer 
(Fig. 1c) leaving the pure NO, spectrum. The spectrum towards 
longer wavelengths of this second product is shown in Fig. 2, 
again from the photolysis of CH,NO, in argon at 50 °C. From 
the positions of the band centres by comparison with those given 
by Dixon and Kroto® we can identify this product as nitro- 
somethane. It was confirmed in a separate experiment that NO, 
absorption in this region and at the concentrations inferred 
from Fig. 1c was not contributing >10% to the observed 
signal. In addition, its spectrum is markedly different to that of 
the nitrosomethane. We conclude that the spectrum of Fig. 2 
is that of CH,;NO and that the features on the long wavelength 
end of the NO, spectrum of Fig. 1a and b come from the tail 
of CH;NO absorption. 

The build up of both CH,NO and NO, on initial exposure 
took the same time of ~ 10 s. Similarly, the decay, a non- 
exponential with a fast initial fall changing gradually to give a 
long tail lasting ~ 20 min, was the same for both products. 
This decay behaviour was very different when O, was used as a 
buffer. In this case the NO, signal initially increased by ~ 20% 
and then followed a slower decay of up to ~ 30 min. 

These results are consistent with the following set of secondary 
reactions following the primary split 1.: 


CH,+NO,—CH,0+NO (2) 
CH;+NO>CH;NO (3) 

hy 
NO, —>NO+0 (4) 
CH, + NO,—>CH aNO: (5) 
CH,NO+NO,—>CH,NO,+NO (6) 


It is clear that in our relatively cool photolysis conditions 
and low intermediate concentrations (2) and (4) produce enough 
NO to yield measurable quantities of CH,NO, whereas in the 
flash photolysis of Napier and Norrish? added amounts of NO 
were required before CHNO was detected. The alternative 
reaction? 


CH;0+NO—-HNO+CH,0 (8) 


is presumably less efficient than reaction (3). (We did not observe 
nitroxyl formation but, since its spectrum? would be partially 
obscured by nitrosomethane, we do not rule out its formation.) 

Reaction (6) (ref. 10) accounts for the identical bimolecular 
decay nature of NO, and CHNO although at some stage 
reaction (7) and the formation of nitrosomethane dimers become 
important?. The change in decay behaviour of the NO, in the 


Fig. 2 Opto-acoustic spectrum (620-650 nm) of CHNO, in 275 mmHg of argon during continuous photolysis. Arrows mark the positions 
of band centres assigned to nitrosomethane (from Dixon and Kroto®). 
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O, mixtures, that is, without CH,NO formed, is strong evidence 
for the influence of reaction (6). With O,, CH,NO formation 
is quenched, presumably by 


2CH,+O,-+2CH,0 (9) 
or similar processes, and 
CH,NO+0,+CH,ONO, (10) 


and the decay of NO, governed solely by reaction (7). The rise in 
the NO, signal on removing the photolysing source probably 
arises from recombination of excess NO with oxygen. 

We are indebted to Dr J. Pfab for helpful discussions. This 
research was supported by the SRC. 
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New light on the skull anatomy 
and systematic position of Oviraptor 


Oviraptor philoceratops Osborn, 1924—a plunderer allegedly 
fond of ceratopsian eggs—is an Upper Cretaceous vertebrate 
assigned to the theropod dinosaurs’. The holotype, compris- 
ing a compressed skull with mandibles, several cervical 
vertebrae, fragmentary shoulder girdle and forelimbs, was 
found in the Djadokhta Formation (?Santonian), Gobi 
Desert, Mongolia. For many years this was the only 
specimen known and its poor preservation showed only 
that Oviraptor was a toothless bipedal animal, with a lightly 
built skull, unusually short and deep. The lack of teeth and 
the structure of the manus were the main arguments for 
assigning it to the family Ornithomimidae’’”’. 

In 1970 and 1971 the Polish-Mongolian palaeontological 
expeditions to Mongolia found two skulls (Fig. 1) of 
Oviraptor sp. with a few postcranial fragments in the 
Khermeen Tsav Formation (? Middle Campanian) as well 
as a fragmentary skull in the Nemegt Formation (? Upper 
Campanian—? Lower Maastrichtian), all in the Gobi Desert’. 
This material is housed in the Zaklad Paleozoologii (ZPAL) 
in Warsaw and I am now studying it. Five skeletons with 
skulls of Oviraptor sp. were found in 1972 by the Soviet- 
Mongolian palaeontological expeditions in the Khermeen 
Tsav formation’. This latter material is being studied by 
Dr R. Barsbold (Institute of Geological Sciences, Ulan 
Bator). All the specimens found recently belong to a new 
species. As the material being investigated by Barsbold is 
more complete than that at my disposal, I leave him to 
name and diagnose the new species, referring here to the 
forms housed in Warsaw as Oviraptor sp. 

In the light of this new material the systematic assign- 
ment of Oviraptor may be questioned. The structure of the 
palate (Fig. le, f) is completely different from the palate of 
all other known dinosaurs. Its most striking feature is the 
form of the pterygoids. They are massive bars, with their 
lateral portions turned strongly ventrad. The ectopterygoids, 
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which in all other dinosaurs are directed transversely, join- 
ing the pterygoids with the jugal arches, lie parasagittaly in 
Oviraptor and join the ptergoids with the maxillae, medial 
to the anterior roots of the jugal arches. Such a pterygoid- 
ectopterygoid structure is highly convergent with the 
dicynodont reptiles. The same may be said of the anterior 
palatal region formed of the premaxillae and maxillae, 
which bears a pair of ridges along its medial portion. Each 
maxilla in Oviraptor sp. produces a ‘tooth’ posteriorly, 
which is directed ventrally (Fig. 1a, b) and lies very close to 
its fellow. These ‘teeth’ are buttressed posteriorly by the 
thickened vomer. They do not bear any trace of wear and 
were therefore evidently covered in by a horny or soft 
tissue. The position of the palatine bones in Oviraptor is 
also different from that in other dinosaurs. The medial 
wings of the palatines border the choanae posteriorly, but 
laterally they form the ventral links between the maxillae 
and the ectopterygoids in a manner never seen in other 
dinosaurs. 

Another unusual feature in a dinosaur is the very strong 
pneumatisation of the skull bones, especially those of the 
roof and snout. The nasals, in addition to being pneumatised 
as a whole, each bear a large air chamber connected with 
the external nare. 

The endocranial cavity is well exposed on the two skulls 
I have studied, and is unusually large for a dinosaur, relative 
to the size of the skull. The approximate length of the 
cavity of the skull ZPAL No. Mg-I/95, measured from the 
foramen magnum to the dorsal border of the exit of the 
optic nerve, is 40 mm; its height (at the level of the optic 
nerve) is 17 mm; and its maximal width (just in front of the 
optic nerve) is 27 mm. The length of the skull is only 98 mm. 
The rapid broadening of the endocranial cast in front of 
the optic lobes is very striking, and corresponds to the 
position of the cerebral hemispheres, its total width almost 
double that of the diencephalon. The olfactory tracts must 
have been very short, as judged from the preserved portion 
of the endocranial cavity and from the close position of the 
external nares. Such a structure in the olfactory part of the 
brain seems to be non-dinosaurian and even non-reptilian 
(pterosaurs excluded). 

The structure of the mandible of Oviraptor is also very 
different from that of other dinosaurs, and it was in- 
vestigated in detail using the new material housed in 
Warsaw. The Oviraptor mandible (Fig. lg, h) is basically 
similar to those described as Caenagnathus collinsi Stern- 
berg, 1940 (ref. 5) and C. sternbergi Cracraft, 1971 (ref. 6) 
and assigned to the birds. The mandibles of Caenagnathus 
and Oviraptor have a similar shape, the same relationships 
between the bones and an identical articular region, consist- 
ing of a low ridge directed anteroposteriorly. They differ 
mainly in their proportions. Cracraft* noticed that the jaw of 
Caenagnathus is structurally convergent with that of the 
dicynodonts; and this is in perfect agreement with my study 
of the skull of Oviraptor. Oviraptor and Caenagnathus 
should thus be assigned to the same family, Caenagnathidae 
Sternberg’. 

Should the Caenagnathidae, however, be considered as 
birds? It is hardly possible that they are birds, taking into 
account the fact that known forelimbs of O. philoceratops 
do not show any distinct avian adaptations. In fact, the 
manus structure of this animal, with its three clawed digits 
subequal in length, conforms to that of the ornithomimids. 
The generally saurischian and theropod postcranial skeleton 
(confirmed by the Soviet-Mongolian expeditions; R. Bars- 
bold, personal communication) may be evidence that, in spite 
of all the differences mentioned here, the Caenagnathidae 
should be regarded as theropod dinosaurs. Their skull 
structure is so peculiar, however, that long independent 
evolution of the group must be presumed. The caenagnathids 
may represent a Cretaceous continuation of the same 
dinosaur lineage that gave rise to the birds’. This could 
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Fig. 1 Oviraptor sp. ZPAL No. MgD-I/95 skull lacking temporal and jugal arches: a, b, lateral view; c, d, top view; e, stereophotograph, 

palatal view; f, palatal view; g, mandible of the same specimen, lateral view; h, ventral view (approx. « 0.59). an, Angular; ar, articular; 

d, dentary; ect, ectopterygoid; f, frontal; j, jugal; mx, maxilla; mxt, maxillary ‘tooth’; n, nasal; p, parietal; pf, prefrontal; pl, palatine; 
pm, premaxilla; pt, pterygoid; q, quadrate; sa, surangular; v, vomer. 


explain the presence of some para-avian characters in the 
caenagnathid skull, such as the separation of the pterygo- 
palatine complex from the jugal arch, the pneumatisation 
of the skull, the possible enlargement of the brain with the 
simultaneous shortening of the olfactory tracts and some 
structural characteristics of the mandibles. For these 
reasons it is not possible to assign the Caenagnathidae to 
any of the known theropod infraorders. A new supra- 
familial taxon will have to be established as soon as the new 
material of Oviraptor has been described. 
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Hallucial tarsometatarsal 
joint in an Oligocene 
anthropoid Aegyptopithecus zeuxis 


Since the grasping hallux is such a significant characteristic 
of the order Primates, its evolutionary history is of some 
importance to palaeoprimatologists. Although the origin 
and development of the grasping hallux in primates is 
usually hailed as a major “evolutionary event”, very little 
factual data from the palaeontological record can be 
brought to bear in documenting this feature throughout 
primate evolution’. Two fossil primates in which an hallu- 
cial metatarsal is known are Notharctus (an Eocene pro- 
simian) and Dryopithecus africanus (a Miocene hominoid); 
hence the specimen discussed here is the earliest document 
of hallucial morphology in the anthropoids’”’. 

The earliest known postcranial remains of fossil anthro- 
poids are from the Oligocene Jebel el Qatrani Formation 
of the Fayum badlands, Egypt. Most of the primate skeletal 
remains have been referred to the parapithecid A pidium 
phiomense; one ulna has been referred to Aegyptopithecus 
zeuxis". Included among the various mammalian post- 
cranial remains is an hallucial metatarsal of an anthropoid 
primate which was discovered by E. L. Simons at Yale 
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Quarry I in the Upper Fossil Wood zone. This is the quarry 
that has yielded mandibular and/or maxillary dental remains 
of several primate genera—Parapithecus, A pidium, Aeolopi- 
thecus and Aegyptopithecus". Of these fossil primates, only 
%egyptopithecus could have had a hallax as large as that 
suggested by the fossil hallucial metatarsal. For this reason 
the specimen is here referred to Aegyptopithecus zeuxis. 

The specimen (YPM 25806) consists of the proximal two- 
thirds of a right hallucial metatarsal (Fig. 1). The bone is 
perfectly preserved except for a small sliver missing from 
its medial side. The proximal articular surface for the 
medial cuneiform is complete and undistorted. Its overall 
size suggests an animal whose body weight might be approxi- 
mated by Ateles belzebuth (Fig. 2). 
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Fig. 1 Medial view of right hallucial metatarsal of Aegyptopithe- 
cus zeuxis (YPM 25806). Note prehallucial facet (arrow). 


Much information concerning the morphology of the 
primitive anthropoid hallucial tarsometatarsal point can be 
gathered through examination of the proximal articular 
surface of the hallucial metatarsal of Aegyptopithecus 
zeuxis. Of particular interest is a well defined, raised oval 
facet on the medioplantar aspect at the base of the meta- 
tarsal. This undoubtedly reflects the fact that a large pre- 
hallux bone ®participated in the hallucial tarsometatarsal 
joint. Thus, this joint consisted of three bones in primitive 
anthropoids, the first metatarsal, medial cuneiform and 
prehallux. This condition is unlike that of any extant Old 
World monkey or great ape; it is seen in most platyrrhines 
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Fig. 2 Comparison of hallucial metatarsals of several primates. 
a, Galago crassicaudatus; b, Dryopithecus africanus; c, Cebus 
nigrivittatus; d, Hylobates hooloch; e, Ateles belzebuth; f, YPM 


25806. Note the attached prehallux in Cebus and Ateles and 
prehallucial facet on YPM 25806 (arrows). 
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and hylobatids’. On the lateral plantar aspect of the meta- 
tarsal base is a large, blunt, bony projection for the insertion 
of M. peroneus longus tendon. This muscle, an everter of 
the tarsus and an adductor of the hallux, was obviously 
large in this primitive, arboreal fossil ape. In contrast, 
Simopithecus, a large, terrestrially adapted Pleistocene 
monkey, had a rather small peroneus longus muscle. This 
is evidenced by the relatively small peroneal tubercle and 
the small facet for the peroneus longus sesamoid on the 
cuboid". The Fayum metatarsal also has a rather pro- 
nounced longitudinal curvature, indicative of strong flexor 
tendons’. 

The shape of the joint surface itself, for articulation with 
the medial cuneiform, is essentially a concave ovoid with 
a nearly vertical axis around which abduction—adduction 
took place (Fig. 3). The ovoid widens in a plantar direction, 
thus producing ar effect where the plantar surface of the 
metatarsal rotates around a greater arc than the dorsal 
surface. Because any point which traverses an arc along an 
ovoid surface will undergo conjunct rotation, this mor- 
phology is advantageous in any joint where opposition is 
desirable’’. Thus, as the metatarsal moves over the articular 
surface of the medial cuneiform it undergoes conjunct 
rotation and comes more into opposition with the lateral 
four digits. The prehallux would have completed the joint 
surface at the medioplantar border. The dorsal and lateral 
margins of the metatarsal base show rugosities for tarso- 
metatarsal ligaments. During adduction of the hallux, the 
plantar surface of the bone would have been oriented to- 
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a, Dryopithecus africanus; b, Ateles belzebuth; c, Hylobates hool- 
och; d, Cebus nigrivattatus; e, YPM 25806. 








wards the lateral digits as in opposition. This is due to the 
morphology of the joint surface itself (see above) and to the 
fact that the shaft of the metatarsal shows a high degree of 
torsion in this direction. This torsion is evidenced by the 
fact that the greatest diameter of the shaft in cross section 
is nearly parallel to the vertical axis of the hallucial base. 
Lewis has described the hallucial tarsometatarsal joint 
in anthropoids, and his predictions concerning the mor- 
phology of the hallucial tarsometatarsal joint in primitive 
anthropoids can be verified by the fossil evidence presented 
here’. He has shown that in primitive mammals (for 
example, Didelphis) an hallucial prolongation of the flexor 
tibialis muscle (the homologue of the M. flexor digitorum 
longus in the human) contains the prehallux. When the pre- 
hallux occurs in primates it forms an integral part of the 
hallucial tarsomezatarsal joint and is invariably associated 
with the dual insertion of tibialis anterior into it and the 
medial cuneiform. The prehallux, judging from the shape 
of its articular facet on the hallucial metatarsal of A. zeuxis, 
had a sellar-shaped articular surface and formed part of 
a true synovial joint, as do most sesamoid bones in the 
body. Sellar-shaped surfaces are characteristic of joints 
which have opposition as a habitual movement’. The pre- 
hallux, or a cartilagenous remnant, is characteristic of 
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Ceboidea but not Ceropithecoidea. Among Hominoidea, it 
is seen in Hylobatidae but not Pongidae’. 

It is perhaps interesting that a vestigial prehallux is occa- 
sionally found in modern man™™™, The so-called *‘os para- 
cuneiforme” was first described clinically in 1902 (ref. 14). 
Although surgeons were unsure of what this small accessory 
bone really represented, evidence now suggests that it is 
the vestige of the primitive anthropoid prehallux (my un- 
published results). The “os paracuneiforme”, like the pre- 
hallux, articulates with the medial cuneiform and is pro- 
tected by an overlying bursa; as in anthropoids, the bone is 
partly incorporated in the substance of the tibialis anterior 
tendon. It is still unclear whether or not this is a true 
accessory bone or a sesamoid™. Alternatively, it might 
represent one of the unfused multiple ossification centres 
in the epiphysis of the metatarsal. It seems most likely, 
however, that it is a sesamoid formed by pressure in the 
tendon of tibialis anterior as it passes over the medial 
cuneiform; indeed, such bones sometimes occur late in life 
in this position". Experimental evidence on the patella, the 
largest sesamoid in the body, suggests that both phylo- 
genetic and ontogenetic factors are responsible for the for- 
mation of sesamoid bones. For example, development of 
the patella has followed transplantation of limb bud frag- 
ments from chick embryos to the chorioallantoic membrane 
of other host embryos”. Conversely, patellar cartilage and 
bone which has been removed from young dogs will re- 
generate from young connective tissue cells which had not 
been destined as specific formers of bone if the tendon of 
the quadriceps femoris is sutured to the patellar ligament 
and the joint is exercised”. 

The finding that A. zeuxis had an hallucial tarsometa- 
tarsal joint which incorporated a prehallux demonstrates a 
clear morphological similarity between this most primitive 
anthropoid and extant New World primates. This also sup- 
ports recent evidence that the postcranial skeleton of the 
earliest anthropoids in general was more similar to extant 
platyrrhines than to catarrhines*’”’. 

The morphological similarities between the Oligocene 
primates of the Fayum and extant platyrrhines have led to 
speculations regarding an African origin for the New World 
primates through rafting across the South Atlantic in the 
early Tertiary. Such a voyage seems hard to reconcile with 
the geophysical evidence suggesting that the South Atlantic 
was 3,000 km wide by Oligocene times’’. Others have sug- 
gested that some primate family with a holarctic distribu- 
tion in the Eocene (Adapidae?) might have given rise to 
both New and Old World anthropoids by the early Oligo- 
cene”, One point is becoming increasingly clear however— 
platyrrhines are the best models for depicting the earliest 
stages of anthropoid postcranial and locomotor evolution. 
Lewis’ contention that the earliest anthropoids must have 
possessed an hallucial tarsometatarsal joint including a pre- 
hallux is undoubtedly correct. It is interesting that Dryopi- 
thecus africanus, a putative descendant of A. zeuxis, also 
apparently had a prehallux incorporated into its hallucial 
tarsometatarsal joint’. Thus there is nothing in the anatomy 
of the hallucial tarsometatarsal joint which would preclude 
Aegyptopithecus from being broadly ancestral to later 
dryopithecines and hylobatids. 

I thank Professor E. L. Simons for permission to study 
fossils collected by his expeditions to the Fayum and Pro- 
fessors C. Jolly and M. Schon for comments on the 
manuscript. 
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Control of intragroup aggression by 
male pigtail monkeys (Macaca nemestrina) 


CERCOPITHECINE primates (Macaca, Papio, and Cercocebus 
spp.) typically live in cohesive groups containing many more 
adult females than adult males. Strong status hierarchies 
often exist within established groups, and one male in each 
group usually exerts an especially powerful influence on the 
behaviour of other group members. This individual com- 
monly places himself between the group and any potential 
external threat and frequently interferes in intragroup 
aggressive encounters by attacking or threatening to attack 
one of the participants in the altercation’. An animal dis- 
playing this pattern of behaviour has been referred to as a 
“control animal” or as fulfilling a “control role’”’. 

While the existence of such a control role has been 
generally accepted, most descriptions of this behaviour have 
not measured the magnitude of the influence of male 
presence on the inhibition of violence among females. 
Cessation of aggression contiguous with attacks or threats by 
males has provided the bulk of evidence for control role 
behaviour. In one experimental study, however, removal of 
the control male from a group of pigtail macaques (M. 
nemestrina) resulted in increased aggression among other 
group members and his reinstatement in the group reduced 
aggression to preseparation level’, The remo€al and rein- 
statement of other group members did not influence intra- 
group aggression. Unfortunately that experiment used only 
one group of monkeys under one set of housing conditions, 
a situation hardly sufficient to establish the generality of the 
phenomenon. 

Because we had access to a large number of groups of 
M. nemestrina and were concerned about the social 
mechanisms involved in the control of aggression in captive 
groups of non-human primates, we felt obliged to test the 
generality of the effect of mere presence of males on intra- 
group aggression. Six groups, each containing one adult 
male and an average of 8.5 adult females and 1.1 infants 
were studied. Each group was housed in identical spatial 
conditions (2.2X3.1X2.8 m), but the conditions differed 
considerably from those of the previously cited experiment. 
Each group was tested according to a sequence of three 
phases (each 20 min long): a pretest with all group members 
present to establish basal aggression rates; an experimental 
test immediately following removal of the male from each 
group: and a post-test immediately following reintroduction 
of the male into the group. An experienced observer re- 
corded absolute frequencies of agonistic interactions of 
group members, noting the sex of the perpetrator and 
recipient of each act. The following activities were recorded: 
contact aggression (grab, push, hit, and bite); non-contact 
aggression (chase, open-mouth “threat”, and ‘“‘bark” 
vocalisation); and submission (grimace, ‘‘screech” vocalisa- 
tion, and crouch). 
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eproductive correlates 
uva emissions by baboons 


species of rodents, the social and reproductive 

f a host individual has been shown to affect its 

...y to intestinal parasites and the maturation rate of 

asites once established'?. The relationship between 

ind reproductive condition of host individuals and 

aspects of parasite development and transmission, in- 

jing ova emissions, has not previously been examined for 

„y non-human primate species. Information on parasite ova 

emissions by non-human primates is important for under- 

standing the life-cycle of the parasites and for understanding 

the spread of parasites both within and between social groups 

and to individuals of.other species, including humans and 
domestic stockê. 

In 1974, as part of an ongoing longitudinal study of free- 
living yellow baboons (Papio cynocephalus) in the Amboseli 
National Park, Kenya, we collected 100 faecal samples from 
the 29 adult and subadult members of a single well studied 
group*. Intestinal parasite ova were recovered from these 
samples by zinc sulphate flotation® and number of ova per g of 
faeces was analysed in relation to dominance rank and repro- 
ductive condition of host. Egg recovery and counting was 
done “blind”; samples were identified only by a sequence 
number and not by name or other information concerning the 
host. Two nematode genera, Trichuris and Trichostrongylus 
accounted for 89% (N = 2,119) of all parasite ova recovered 
in the samples. The distribution of number of ova per g .of 
faeces for all samples combined was positively skewed and 
roughly Poisson in shape; thus, significance testing was 
carried out with the variance ratio®. 

Figure 1 shows that among adult and subadult males, 
high ranking individuals had higher egg emissions than did 
more subordinate individuals. All differences in mean egg 
counts between adjacent dominance rank classes were statis- 
tically significant (P < 0.01 for all comparisons); the Spearman 
rank correlation coefficient between mean egg count and 
dominance rank in adult and subadult males was0.67(P < 0.05). 
Subadult males generally had lower egg counts than did older, 
fully adult males, and ranks 13-16 were occupied exclusively 
by subadults. But, examination of the mean egg counts for 

35 
Adult and 8 Adult females 
subadult males 19 





1-4 5-8 9-12 13-16 1-4 5-9 10-13 
Dominance rank 


Fig. 1 Parasite egg counts in relation to dominance rank. 

Shown are mean egg counts for each dominance rank class and 

95% asymmetrical confidence intervals for the mean. Figure at 

top of each bar gives number of samples on which mean is 

based. For adult males, analysis included only samples collected 

during periods of rank stability. Subadult males are the same 
age as young adult females. 
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` ranks 1-12 alone, which eliminated the age-related low egg 


counts of subadults, still showed a strong correlation between 
mean egg output and dominance rank in adult males (r, = 0.56, 
P < 0.05). Since adult male baboons change rank frequently’, 
Fig. 1 is based only on samples collected when adult ales 
were stable, or consistent, in their dominarice relationships. 
Egg output by adult males during periods of inconsistency was 
usually lower than egg output before the period of inconsistency, 
but only a small number of such samples were obtained. 
The mean egg count for adult females, 26.58 ova per g, was 
significantly higher, than the mean egg count for adult males 
during periods of rank stability, 20.69 ova per g (Fir = 1.28, 
d.f. = 2,552, 1,490, P < 0.01), and this difference was even 
greater when subadult males and adult males inconsistent in 
their dominance relationships were included in the comparison. 
Parasite ova emissions among adult females, however, were 
not correlated with dominance rank (rs = 0.02, P > 0.05), 
although middle ranking females did have significantly higher 


.egg counts than did low ranking females (Fmar = 1.24, 


d.f. = 1,054, 714, P < 0.01) (Fig. 1). 
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Fig.2 Parasite egg emissions in relation to female repro- 
ductive state and menstrual cycle phase. Comventions as in 
Fig. 1. 


Adult female baboons rarely change. dominance rank, but 
changes in their reproductive state or menstrual cycle phase 
occur frequently*. , Sexually cycling females had significantly 
higher egg emissions than did anoestrous (lactating or other- 
wise non-cycling) females (Fiz = 3.26, d.f. = 2,250, 206, 
P < 0.01); anoestrous females in turn had significantly higher 
egg emissions than did pregnant females (Fma: = 2.14, 
d.f. = 206, 96, P < 0.01) (Fig. 2). Among sexually cycling 
females, mean egg counts were significantly higher during the 
one week immediately before and the one week immediately 
after the onset of menstruation compared with the remaining 
3 weeks mid-cycle that include oestrus and ovulation (Fis = 
5.65, d.f. = 1,912, 338, P < 0.01) (Fig. 2). 

“One simple but plausible explanation for the observed 
pattern of parasite ova emissions is that individuals differ 
in ingestion rate of infective and non-infective ova or in other 
aspects of food intake, gut passage time or faecal output. 
Alternatively, high ranking adult males and sexually cycling 
females may provide a generally more favourable internal 
environment for egg production by parasites than do individuals 
of other social and reproductive classes. Of course, the above 
correlations might also reflect actual differences in the burden of 
adult worms harboured by individuals of each social and repro- 
ductive class. Although unlikely, it is also possible that parasite 
ova emissions affect social and reproductive condition, for 
example, dominance rank, rather than the other way around as 
presumed by the above alternatives. Regardless of their precise 
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explanation, the relationships described in this note, if sub- 
stantiated by more extensive studies, will be of interest and 
importance to many scientists concerned with primates, 
parasites or public health. 
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Inhibition of Leishmania donovani 
transformation by hamster spleen 
homogenates and active human lymphocytes 


HAEMOFLAGELLATES ‘are protozoan parasites responsible for 
many important diseases of man and domestic animals’. 
Leishmania donovani, the cause of visceral leishmaniasis 
or kala azar, is a widespread human parasitic haemoflagel- 
late. Its life cycle involves man (and other mammals) and 
an insect vector (sandflies) with a different stage in each 
of the two host types. Transformation from one stage to the 
next includes morphological antigenic, physiological, and 
infectivity changes’. 

Transformation in these organisms is a fundamental 
developmental transition whose regulation is incompletely 
understood. Jp this report we present evidence that trans- 
formation from the mammalian (amastigote) stage of L 
donovani to the insect and/or culture (promastigote) stage 
is inhibited by host hamster spleen homogenates and by a 
soluble factor(s) synthesised by activated human lympho- 
cytes In the absence of this factor transformation proceeds 
in an orderly series of steps (Fig. 1). , 

Synchrony of transformation by a population of amasti- 
gotes is rather poor; transformation to the promastigotes 
begins after 18h with all cells capable of developmental 
transition (~ 60-80% of the cells undergo transformation) 
completing cytodifferentiation by about 60h (Fig. 2). 
Transforming amastigotes do not incorporate “C-thymidine® 


" GP 2b 
‘ 


| = 


Fig. 1 Morphological events durmg transformation of a L 
donovani amastigote to the promastigote stage. a, Oval-shaped 
amastigote with nucleus (n), kinetoplast (k) and internal flagellum 
(if), 0-8 h; b, tenfold enlargement of the oval stage, ~ 8-16 h; 
c, elongation of the enlarged parasite, ~ 16-18 h; d, formation 
of free flagellum (ff) and further elongation to complete cyto- 
differentiation, ~ 18-20 h. Amastigotes were obtained as 
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Fig. 2 Transformation of L. donovani amastigotes to promasti- 
gotes: influence of preincubation in glucose-free Locke’s solution 
on the times of initiation and completion of transformation by a 
population of washed amastigotes. O, Control amastigotes 
transferred to transforming medium (incubated at 27°C) 
immediately after isolation from hamster spleen; Q, amastigotes 
preincubated for 8 h at 27 °C before transfer to transformation 
medium; W, amastigotes preincubated for 8 h at 34 °C before 
transfer to incubation medium. Amastigotes ( ~ 108 cells) were 
incubated ın 25-ml Erlenmeyer flasks containing 5 mi HO-MEM 
(containing glucose). Samples were removed from flasks at various 
times and the percentage of transformed cells (stage d in Fig. 1) 
determined by microscopic observation. In all experiments the 
final samples were tested for bacterial contamination; the data 
from contaminated flasks were discarded. 


into DNA; however, promastigotes readily incorporate this 
substrate into DNA (~ 70% of recoverable “C from 
labelled thymidine is found in DNA). This suggested that 
de novo DNA synthesis does not occur in transforming 
amastigotes. i 

We then incubated freshly isolated amastigotes in glucose- 
free Locke’s solution (pH 7.7) for 8h at 27°C before 
transfer to transformation medium (HO-MEM)’ to deplete 
possible contaminant compounds carried over during isola- 
tion that might imhibit cytodifferentiation: The cells trans- 
formed more synchronously and the times required for 
initiation and completion of transformation were markedly 
reduced (Fig. 2). Even shorter initiation and completion 
times for developmental transition of amastigote populations 
were found when cells were preincubated in glucose-free 
Locke’s solution for 8h at 34°C before transfer to 
HO-MEM (Fig. 2). 

To determine if a host factor(s) carried as a contaminant 
with amastigotes during their isolation delayed transforma- 
tion, 2.5 ml of the first wash from infected spleen homo- 
genates (see legend to Fig. 1) was added to 2.5ml of 


follows: male hamsters were killed with ether about 2 months 
after intraperitoneal inoculation with freshly isolated amastigotes 
(Malakal area Suden strain, 1S) and the spleen excised in sterile 
conditions. The spleen was homogenised in 10 ml Tris (0.2 M)- 
` sucrose (0.25 M) buffer, pH 7.8, with a Ten Broeck glass homo- 
geniser. Homogenates were centrifuged at 150g for 10 min and 
the pellet discardec€; the supernatant was centrifuged at 1,000¢ 
for 20 min and the resultant supernatant (first wash) discarded. 
The pellet was resuspended in 10 ml Tris-sucrose buffer and this 
procedure repeated two more times. After resuspending the final 
pellet (washed amastigotes) in a small amount of Tris-sucrose 
buffer, amastigotes were counted and 108 cell aliquots incubated 
in HO-MEM? medium at 27 °C. Isolation procedures were carried 
out in the cold to retard spontaneous transformation, and sterile 
techniques were used to prevent bacterial contamination. The cell 
depicted was preincubated in glucose-free Locke’s solution (see 
Fig. 2). About 10% of the preincubated cells started to transform 
after 8 h in transforming medium. Although stage a lasts longer 
~ for non-preincubated celis, the duration of time spent in the other 
Stages is the same as that for preincubated cells. 
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Table 1 Secretion of factors inhibiting L. donovani amastigote to promastigote transformation by cell culture systems* 





Cell line tested 


Triatoma infestans embryo cells BTC-32 

Mouse sarcoma 338 

Mouse lymphocyte sarcoma 815 

Mouse fibroblast L cells 

Mouse glial tumour C6 

Mouse transformed fibroblast THC-1 

Bovine embryonic trachea EBTR . 

Dog kidney (epithelium) with mycoplasma mdck 
Monkey fibroblasts TC7 

HeLa 

Primary human lymphocytes (from adenoid and tonsil) 
Phytohaemagglutinin-activated primary human lymphocytes 





Effect of conditionedt 


Effect of cell culturet 
medium on transformation 


on transformation 
—t 


Inhibited 3-5 d (8)§| Delayed 12-20 h (8) 


Inhibited 5 d (3) ll Delayed 24-48 h (3) 


Delayed 12-20 h (5) 


Inhibited 3-5 d (5) "i 
Delayed 24-48 h (3) 


Inhibited at least 5 d (5) 9 || 


*10® washed amastigotes in each flask, incubation temperature 27 °C, transformation determined as in Fig. 2. 
+Control amastigotes incubated in absence of cells in same media used to grow tissue cells: RPMI 1640 (GIBCO) or Hanks’ MEM (GIBCO). 


į—,No effect on transformation. 
§Culture medium RPMI 1640. 
{Culture medium MEM. 

Number of experiments in parentheses. 


||Amastigotes inhibited for 3 d or more were washed and transferred to fresh media lacking culture’cells to ensure that they were viable and still 


capable of transformation. 


2XHO-MEM ‘before incubation with washed Locke’s 
solution preincubated amastigotes. Addition of the first 
wash delayed initial transformation times by 12-24h (four 
experiments) compared with control cells incubated in 
2.5 ml Tris-sucrose buffer and 2.5 ml 2x HO-MEM. Similar 
results were found when the first wash from uninfected 
spleen homogenates was tested. Supernatants obtained 
after the first wash thad no effect on amastigote transform- 
ation. 

Analysis of hamster spleen transformation—blocking ac- 
tivity is difficult because the spleen is small (1-3 g in infected 
hamsters) and the concentration of the factor(s) respon- 
sible for inhibition is low; 1:1 dilution of the first wash 
before adding it to test media resulted in total loss of 
activity. We decided to find a model system capable’ of 
‘mimicking’ hamster spleen tranformation-blocking activity 
and which produced sufficient amounts of factor(s) to 
analyse inhibition of transformation. Since many develop- 
mental processes are mediated by mammalian growth and 
activating factors (for example, nerve growth factor, 
epithelial growth factor and lymphocyte-activating 
factor)"*®, we therefore tested a number of cell culture 
systems for their ability to secrete high concentrations of 
factors capable of inhibiting L: donovani amastigote cyto- 
differentiation. 

Conditioned media from four mammalian cell culture 
lines were able to delay initiation of transformation for at 
least 12 h: mouse lymphocyte sarcoma cell line 815, phyto- 
haemagglutinin-activated primary human lymphocytes’’, 
unactivated primary human lymphocytes and mdck, a dog 
kidney cell line infected by an unidentified mycoplasma 
(Table 1). Activated primary human lymphocytes and 
mdck both produced high levels of blocking factors. Further 
experiments were carried out with only’ the activated 
lymphocyte system because it was more active and was 
better defined than mdck in that it was not infected by 
mycoplasma. Collection of a large volume of media con- 
ditioned by the lymphocytes is relatively simple”; this is 
another advantage with the lymphocyte system. 

Incubation of washed amastigotes in medium conditioned 
by activated lymphocytes delayed the start of developmental 
transition by 24-48 h (Table 1). Amastigotes incubated with 
lymphocyte cultures were inhibited from transforming for 
at least 5d. When these amastigotes were washed and 
transferred to fresh media free of lymphocytes cytodiffer- 
entiation proceeded normally. 

Conditioned medium from activated lymphocyte cultures 


was separated by ultrafiltration into fractions containing 
molecules of decreasing molecular weight; these fractions 
were assayed for transformation-inhibiting activity (Table 
2). Activity was localised in fraction IIIc (molecular weight 
<500); addition of fraction IIIc to amastigotes in HO- 


—_—_ en 


Table 2 Transformation-inhibiting activity in water-soluble frac- 
tions secreted by phytohaemagglutinin-activated j primary human 
; lymphocytes* a ; 
UNA 
Test materialf (molecular weight) Effect ort'transformationt 
Fraction I (> 30,000): = 
Fraction II (5,000-30,000) — 
Fraction III (< 5,000) Delayed 48-72 h (5)§ 
Fraction IIIa (1,000-5,000) — 
Fraction IIIb (< 1,000) Delayed %48 h (3) 
Fraction IIIb’ (500-1,000) — 
Fraction IIIc (< 500) ‘ Delayed ~ 48 h (3) 





*Details of primary human lymphocyte preparation, cell culture 
and collection of conditioned media have been published*®. Lym- 
phocytes were cultured in MEM supplemented with essential amino 
acids, glutamine, sodium pyruvate and with 10% foetal calf serum. 
Cells were activated by addition of 20 ug mi~! phytohaemagglutinin 
(PHA-P, Difco) and incubated for 5-7 d. Cultures were centrifuged 
at 300g for 5 min to pellet the lymphocytes, and the supernatant 
saved. Supernatant could be stored frozen or separated into different 
fractions and then stored frozen. 

Supernatants separated by ultrafiltration into fractions with 
solutes of different approximate molecular weight. Filtration with an 
Amicon PM30 resulted in a concentrated fraction of molecular 
weight > 30,000 (fraction I) and a filtrate containing solutes of 
molecular weight <30,000. The filtrate was further concentrated 
with an Amicon PM10; the concentrate contained solutes of about 
5,000-30,000 molecular weight (fraction II). The material passing 
through with solutes of molecular weight <5,000 (fraction IID was 
concentrated using an Amicon UM2; this concentrate is defined as 
fraction IIIa (solutes of about 1,000-5,000 molecular weight). 
The material going through the UM2 is defined as fraction IIIb 
(solutes of molecular weight <1,000). Fraction IIIb was concen- 
trated with an Amicon UM05; the concentrate is defined as fraction 
IIIb’ (solutes of molecular weight 500-1,000) and filtrate is fraction 
Hc (< 500 molecular weight). 

tAmastigotes (108 cells) incubated in 5.0 ml HO-MEM containing 
test fraction; concentrated HO-MEM was added to concentrated 
test fraction in the proper proportions for a final concentration of 
1x HO-MEM and 1x test fraction. Transformation was deter- 
mined as in Fig. 2. Cells were not permanently affected by in- 
hibitory fractions; after delay of transformation the number of 
amastigotes completing cytodifferentiation was similar to that of 
controls. Control amastigotes were incubated in 5.0 ml HO-MEM, In 
allexperiments the final samples were tested for bacterial contamination 
and the data from contaminated flasks discarded. : 

§Number of experiments in parentheses. 


Nature Vol. 262 August 19 1976 


MEM delayed initiation of cytodifferentiation by ~ 48h. 
The solutes in fraction IIIc are present in fractions III 
(molecular weight <5,000) and IIIb (molecular weight 
<1,000); as would be expected, the latter two fractions 
shéw transformation-blocking activity. The lower activity 
found ın fractions IIIb and IIIc may be due to inefficient 
passage of filtrate through the Amicon UM2 filter mem- 
brane. This fraction is relatively stable; it is not inactivated 
by boiling for 30 min and can be stored at 4 °C for 5d or at 
—17°C for at least several months with little loss of 
activity. 

Transforming amastigote populations can be blocked at 
any time before the process is complete. Addition of 
fraction IIIc to amastigotes after 9h incubation in HO- 
MEM delayed initiation of cytodifferentiation by about 
9h. Addition of the fraction after 27h incubation, a time 
when a few of the cells have already transformed, delayed 
further transformation for about 15h. These are unusual 
results because in most developmental systems there is a 
point when cells are irreversibly committed to change 
independent of the initial factor(s) causing that change. 

Addition of fraction IIIc or of the first wash from 
hamster spleen homogenates had no effect on promastigote 
cultures in HO-MEM. The cells maintained their normal 
morphology and continued to divide. i 

The above results present the first evidence for the 
presence of mammalian regulatory compounds affecting 
haemoflagellate transformation. There are factors pro- 
duced by activated human lymphocytes and in hamster 
spleen homogenates that inhibit transformation of L. 
donovani amastigotes to the promastigote stage. The in 
vitro studies by Lamy“ with macrophage and Sticker 
sarcoma cell cultures demonstrating that L. donovani 
amastigotes may occasionally transform into promastigotes 
while still inside the host cells, can be explained by the 
possible absence of ‘blocking’ factors in his cultures. 

It remains to be confirmed whether one or more in- 
hibitory factors is present in the lymphocyte secretions and 
to determine if blocking factors from hamster spleen and 
cell lines 815 and mdck are similar to those produced by 
lymphocytes. ' i 
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Generation of cytotoxic 
lymphocytes in vitro against 
autologous human leukaemia cells 


. NORMAL lymphocytes cultured with allogeneic cells in one-way 
“mixed leukocyte culture (MLC) respond proliferatively to the 


“lymphocyte-defined” (LD) antigens and subsequently cyto- 
toxic cells are generated: against the target antigens on the 
stimulating cells?. In contrast, when responding lymphocytes are 
cultured with stimulating lymphocytes that differ with respect to 
target antigens but not LD antigens, proliferative and cytotoxic 


‘responses are not easily generated; the addition of a second 


stimulating cell differing from the responding cell with respect 
to LD antigens in a ‘three-cell’ experiment allows the generation 
of cytotoxic lymphocytes directed against target antigens!~*, 
Consistent with results of others®-®, we have detected low but 
significant MLC responses after culturing remission lympho- 


‘cytes with irradiated ‘autologous leukaemia cells; however, 


cytotoxic lymphocytes were not generated. Using the ‘three-cell’ 
approach, where remission lymphocytes, irradiated leukaemia 
cells and irradiated allogeneic stimulating cells were cocultured, 
we have generated lymphocytes specifically cytotoxic for auto- 
logous human leukaemia cells. 

Peripheral blood was obtained at the time of diagnosis from 


ET: a 40-yr-old woman with acute myelomonocytic leukaemia 


(AMML). The peripheral white blood cell count at this time was 
200,000 per mm‘, consisting of 52% blast cells. The blood was 
diluted with medium 199 and layered on a Ficoll-Hypaque 
gradient”; the resulting cells at the interface consisted of 74% 


‘blast cells. These cells were washed and control-frozen in RPMI 
1640 with 25mM HEPES buffer and 20% heat-inactivated 


normal human serum and stored in liquid nitrogen. Eight and 
twelve weeks after diagnosis, after several courses of intensive 
chemotherapy, peripheral blood and bone marrow aspirates 
were obtained. At these times, no leukaemic cells were present 
in the peripheral blood. Lymphocytes were separated from 


‘peripheral blood by Ficoll-Hypaque sedimentation and sus- 


pended in culture medium consisting of RPMI 1640 with 25 mM 
HEPES buffer and 20% heat-inactivated normal human serum. 
Specimens of bone marrow aspirate obtained at these times were 
purified in the same way. Approximately 5% of the marrow 


cells collected from the interface of the gradient were blast cells. 


Cultures were set up in 50-ml Falcon flasks, each containing 
5x 10° responding lymphocytes (either the patient’s remission 
lymphocytes or lymphocytes from normal individuals) and 
5-10 x 10° stimulating cells rendered incapable of DNA synthe- 
sis by exposure to 2,500 R X irradiation. Stimulating cells were 
either irradiated leukaemia cells, allogeneic lymphocytes, a 
mixture of leukaemia cells and allogeneic lymphocytes or a 
mixture of bone marrow cells and allogeneic lymphocytes. Cul- 
tures were incubated at 30 °C in a humidified 5% CO, incubator 
and were fed with 5 ml of culture medium on days 2 and 5. 
Target cells, to be used on day 7 in the cell-mediated "Cr 
release assay (CML) were prepared by culturing either 5-15 x 10° 
normal lymphocytes or bone marrow cells in flasks that were 
fed on days 2 and 5. The leukaemic cells were thawed on the day 
of the CML assay, incubated for 2 h at 37 °C before labelling 
with 250 uCi Cr (Na, ®*4CrO,,New England Nuclear). Effector 
cells generated in flasks were collected on day 7 and the CML 
assay was performed as described in the legend of Table la 
and b. 

In our first experiment shown in Table. 1a, C.T. remission 
lymphocytes cultured with autologous leukaemia (L,) cells 
alone were not cytotoxic for that patient’s leukaemia celis—less 
*1Cr was released in the presence of CL, effector cells than was 
released spontaneously. In contrast, lymphocytes that had been 


cultured with a mixture of autologous leukaemia cells (L,) and 
‘allogeneic lymphocytes (A,) were cytotoxic for the patient’s 
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Table 1 Jn vitro generation of lymphocytes specifically cytotoxic for autologous AMML cells 
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Responding Stimulating Effector-targét- 
lymphocytes cells cell ratio 
(a) L, (patient’s 
leukaemia di 
cells) 
C (patients + 40:1 
lymphocytes) A, (normal 
allogeneic 
lymphocytes) , 
C L, 40:1 
Cc Ax 40:1 
B (normal individual) L, ° 20:1 
B Ax, 20:1 
(b) L, (patient’s 
i leukaemia 
cells) 
C (patients 20:1 
lymphocytes) D, (normal 
allogeneic 
lymphocytes) 
M, (remission 
marrow) 
C + 20:1 
D, ` 
C C, (patient’s 20:1 
remission 
lymphocytes) 
D (normal L, , 20:1 


individual) 





% Specific "Cr release +s.d. 





Remission Normal Normah 
Leukaemic marrow lymphocytes lymphocytes 
cells cells ' from A from B 
17.8+6.5 3.54+1.4 44.0+4.1 1.842.3 
0.0 0.0 
2.9+1.1 0.45+1.6 60.7+10.1 2.24+2.2 
17.5412.0 14.7+2.0 —0.7+3.4 —0.4+2.8 
27.742.3 —0.243.4 
Leukaemic Normal Normal 
cells lymphocytes lymphocytes 
from D from E 
25.046.9 30.3 4+-1.7 7243.6 
22.0-+8.9 39.743.5 
0.0 0.0 0.0 
36.8+6.5 —2.44-4.1 


ee Ee a ee SS ee 

In both experiments a and b, lymphocytes were collected 7 d after stimulation, resuspended at 1 x 10®-2 x 10° cells ml— and 0.2 ml effector 
cells were mixed with 1 x 104 #Cr-labelled target cells in wells of round-bottom Linbro plates. Supernatants were collected after 6 h (Exp. a) 
or 8 h (Exp. b) incubation at 37°C and % specific ®4Cr release was calculated according to the following formula: [((E--SR)/(M—SR)] x 100, 
where E 1s experimental release, SR is spontaneous release of §'Cr from normal target cells in the presence of medium alone, and M ıs maximal 
release of §!Cr from target cells after adding detergent (0.4% Cetrimide). Specific *!Cr release from leukaemic cells and bone marrow cells was 
calculated from the following formula: [(E—C)/(M—C)] x 100, where, Eis experimental release, C is release of “1Cr from target cells by CL, or 


CC, effector cells and M 1s maximal release. < 


leukaemia cells: 17.8% specific "'Cr released observed by 6h., 
These same effector cells that were cytotoxic for autologous 
leukaemia cells and A target cells did not lyse unrelated normal 
lymphocytes from B and caused only 3.5% ®Cr release from, 
autologous bone marrow cells containing 5% blast cells. It 
should be noted, however, that these remission bone marrow 
cells and leukaemia cells were nearly equally sensitive to lysis by 
allogeneic normal lymphocytes (B) that had been cultured with 
the patient’s leukaemic (L,) cells Remission lymphocytes ‘that 
had been cultured with allogeneic (A,) cells were highly cyto-, 
toxic for A target cells (60.7% specific *'Cr release) but caused 
only 2.9% ®!Cr release from autologous labelled leukaemic cells. 
This indicates that lysis of autologous leukaemia cells by remis- 
sion lymphocytes that had been cultured with a mixture of A,L,. 
stimulating cells was not due to cross reacting target antigens 
expressed on leukaemia cells and allogeneic (A) lymphocytes. 
Furthermore, the presence of leukaemic stimulating cells in the 
mixed culture was necessary for the generation of an anti- 
leukaemic cytotoxic response. 

Remission lymphocytes were obtained 1 month later and it 


was again possible to generate cytotoxic lymphocytes directed . 


against autologous leukaemia cells (Table 1b). Remission lym- 
phocytes cultured with leukaemic cells and allogeneic (D,) cells 
caused 25% ®Cr release from leukaemic cells after an 8-h CML 
assay at the ratio of 20 effector cells per target cell and 30% ™Cr 
release from allogeneic D target cells. Nearly the same amount 
of *'Cr (22 %) was released from leukaemic cells by lymphocytes 
that were cultured with bone marrow and allogeneic cells. A 
probable explanation for this finding is that the number of blast 
cells carrying target antigens in the stimulating marrow popula- 
tion was sufficient to induce a cytotoxic lymphocyte response. In 
the experiment shown in Table 1a, however, lymphocytes that 
had been cultured with leukaemic and allogeneic cells caused 
only 3.5% ®!Cr release from labelled marrow cells, for only a. 


minor proportion (5%) of the *Cr-labelled target cells were 
blasts, many of which may not have been leukaemic. 

The results presented here demonstrate the presence of target 
antigens on AMML cells against which a cytotoxic autologous 
lymphocyte response was generated when a strong proliferation- 
inducing signal (in this case, allogeneic stimulating cells) was 
provided that presumably stimulates the proliferating helper T 
cellst. The relationship between the target antigens we have 
detected on AMML cells by cell-mediated cytotoxicity and 
antigens detected serologically on AMML cells! is unknown. 
We have not had access to cells of other patients with AMML; 
however, consistent with the results we have reported here, we 
found that in a patient with acute lymphocytic leukaemia, the 
development of cytotoxic response aimed at the patient’s 
leukaemia cells was again dependent on the providing of a 
helper stimulus in a three-cell protocol. Similar experiments 
with five patients in remission from acute myelogenous leukae- 
mia (AML) have not as yet resulted in generation of cytotoxic 
lymphocytes directed against autologous leukaemic cells. In 
some of these cases, the AML cells did not generate cytotoxic 
activity even in allogeneic responder lymphocytes. The explana- 
tion for the lack of finding of cytotoxicity in cases where allo- 
geneic lymphocytes did respond cytotoxically to target antigens 
on leukaemic cells is not clear. 

Consistent with our studies are the independently derived 
findings of Sondel et al. (personal communication) showing that 
adding a helper stimulus enhances anti-leukaemia cell-mediated 
cytotoxicity by lymphocytes from siblings HLA identical with 
the leukaemia patient. The ‘three-cell’ type approach used in 
these experiments may thus provide a means for generating 
cytotoxic lymphocytes directed against other autologous or 
HLA identical leukaemia or tumour cells that express target 
antigens but cannot induce a strong lymphocyte proliferative 
response. 
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Sensitivity of H—2-less target cells and 
role of H—2 in T-cell-mediated cytolysis 


THERE is no definitive teleological interpretation of the involve- 
ment of H-2 determinants in the recognition by mouse cytolytic 
T cells of various non-H-2 antigens+2, While it is generally 
believed that T-cell immunity against non-H-2 structures 
(determined, for example, by infectious agents) may benefit 
from the known special reactivity of T cells against non-self 
H-2, other interpretations have been proposed, such as the 
possibility that H-2 is necessary for cytolysis at a postrecog- 
nition stage as the “weak point” of the target-cell surface®. A 
prediction of this hypothesis is that target. cells devoid of H-2 
should be resistant to T-cell-mediated cytolysis. We have 
tested this prediction using male germinal cells, embryonal 
carcinoma and virus-transformed testicular cells as targets, in 
-the presence gf the lectin concanavalin A (con A). Con A 
binding apparently by-passes‘ the normal recognition system, 
so that lack of recognition of H-2 on H-2-less target cells 
would not be a limiting factor for cytolysis. We found that 
H-2-less embryonal carcinoma cell lines, including one with 
barely detectable levels of F9 antigen, were sensitive to lysis, 
strongly suggesting that at a postrecognition stage H-2 is not 
required for T-cell-mediated cytolysis. 

Mouse male germinal cells, in practice testicular cells, acquire 
serologically detectable surface H-2 as late as 12 d of age®®, We 
wondered whether acquisttion of H-2 would be accompanied 
by a change from resistance to sensitivity to lysis. We found, 
however, that even testicular cells from several-month-old mice 
were relatively resistant to lysis, in the presence or absence of 
con A (Table 1). Further findings (not shown) were: first, Cr 
could be released from testicular cells in the presence of rabbit 
anti-mouse serum and complement; second, con A induced 
agglutination of testicular cells at the concentration used in these 
experiments; third, various ratios of cytolytic to testicular cells 
and various concentrations of con A did not yield different 
results. These experiments showed at least that the presence of 
serologically detectable H-2 was not sufficient to ensure 
sensitivity to lysis, thus underlining the existence of other, un- 
known target cell requirements for lysis. 

To investigate whether H-2 was necessary for lysis, we then 
used as targets F9 embryonal carcinoma cells of H-2b genotype 
but devoid of serologically detectable membrane H-2 (ref. 7). 
Table 2, experiments 1-3, shows, first, that F9 cells were not 
lysed by anti-b cytolytic cells in the absence of con A, and 
second, that a significant degree of lysis occurred in the presence 
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Table 1 Lack of demonstrable T-cell-mediated cytolysis of mouse 
testicular cells 





Experiment Target cells* Cytolytic cells 
k anti-d d anti-k 
Con At: — + — + 
(1) P815 5I 49 2 29 
Test. CBA 3w —1 1 —3 I 
(2) P815 32 3I 0 16 
Test. CBA 3w 0 0 1 —2 
Test. CBA 5w —1 0 —2 1 
(3) P815 37 41 1 42 
Test. CBA 5w —5 2 1 4 
(4) Blasts BALB/c 28 28 1 22 
Blasts C3H 1 16 29 31 
Test. BALB/c 6w 7 6 —1 5 
Test. C3H 6w 0 2 1 4 
(5) Blasts BALB/c 24 5 —3 18 
Blasts C3H —2 9 30 20 
Test. BALB/c 4m —5 —4 —3 4 
Test. CBA 7m —1 —3 —2 6 


C3H anti-BALB/c (k anti-d) and BALB/c anti-C3H (d anti-k) 
sensitised cytolytic cells were prepared and tested in a ™Cr-release 
assay as described previously’®, at an effector-target cell ratio of 
20:1 in these experiments. Cytotoxicity is expressed as percentage 
"Cr release averaged from triplicate wells, minus spontaneous 
release by target cells alone. In this type of assay, an experimental 
difference of 5% or more is statistically significant (P =0.05). 

*Target cells (prelabeled with 51Cr, 104 per V-shaped well of 
microplates) were P815 mastocytoma cells (H-2d), either CBA and 
C3H (H-2k) or BALB/c (H-2d) mechanically dispersed testicular 
cells from mice aged 3 weeks to 7 months, and con A-induced blasts 
(obtained through 2-4-d incubation of normal spleen cells in the 
presence of con A (2.5 ug ml7*) then labelled with “1Cr and incubated 
for two consecutive periods of 15 min with 0.1 M a-methylmannose). 
Spontaneous release was 9-15 for P815, 20-41 for testicular cells and 
14-35 for con A blasts. 

{Con A ata final cencentration of 10 ug ml- consistently mduced 
in the presence of sensitised cells nonspecific cytolysis of most target 
cells tested except testicular cells. It sometimes induced a decrease of 
specific cytolysis, especially marked here in experiment 5. 


of con A. This dual pattern was observed ‘in each of eight 
experiments, not only with d anti-b and b anti-d, but also with k 
anti-b and b anti-k cytolytic cells (not shown). Lysis in the 
presence of con A showed that F9 cells are sensitive to lysis 
(which incidentally strengthens the conclusions drawn from 
interesting negative results obtained with TNP-coated F9 
cells*). That no lysis should occur in the absence of con A 
therefore strongly suggests that specific anti-H-2 cytolytic 
cells-do not recognise H-2 determinants at the surface of F9 
cells. Thus, F9 cells are sensitive to lysis in the presence of con A, 
in spite of the absence of any H-2 determinant detectable either 
by specific antisera’ cr by specific cytolytic cells. 

F9 cells, however, bear the F9 embryonic antigen? and in 
view of the claimed homology” between H-2 and F9 one can 
argue that the F9 antigen can serve as a substitute for H-2 in 
lysis. This led us to use strain PCC3/A/1/D-G1, derived from 
the primitive embryonal carcinoma cell line PCC3/A/1 (ref. 11). 
PCC3/A/1/D-G1 cells bear neither H-2 nor F9 antigens 
detectable with antisera and complement and have at least 
100 times less F9 antigen than F9 cells in adsorption experiments 
and only about 1-2% positive cells in an anti-F9 antigen 
immunofiuorescence assay". Table 2, experiments 4-6, and 
Table 3 show that cytolysis of PCC3/A/1/D-G1 cells followed 
a pattern similar to that of F9 cells. 

Con A-dependent lysis of H~2-less target cells was T-cell- 
mediated, since it was significantly decreased by anti-Thy 1 
serum in the presence of complement, in a specific brain- 
adsorbable manner (Table 3). Using H-2-bearing target cells, it 
was found, first, that con A-dependent nonspecific lysis is 
probably mediated by T cells also capable of mediating specific 
lysist 17714, and second, that the same drugs inhibit with similar 
dose-response curves the lethal hit stage of specific cytolysis 
and con A-dependent nonspecific lysis (P.G., unpublished 
results). It therefore seems reasonable to assume that both types 
of T-cell-mediated lysis differ only at the recognition stage and 
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Table 2 Sensitivity to T-cell-mediated cytolysis of embryonal carcinoma and virus-transformed testicular cell lines 








Serotypet Cytolytic Cells} 
Experiment Target cells* b anti-d danti-b è 
H-2 F9 Con A: — — 
20:1§ 5:1 20:1 5:1 20:1 5:1 20:1 5:1 
1 EL, b — 3 2 29 24 29 14 27 21 
F9 — + 0 1 13 3 —1 —1 10 12 
2 EL, b = 8 2 23 18 38 19 38 25 
P815 d — 40 14 44 17 2 1 39 16 
F9 — + 0 2 13 14 0 0 25 17 
3 EL, b — 7 2 28 35 51 38 49 42 
P815 d — 45 19 48 25 5 2 44 32 
F9 — + —2 —2 6 8 1 —i 20 18 
TSV b + 3 0 4 4 11 6 20 12 
EL, b — —1 0 17 12 24 13 26 16 
PCC3/A/1/D-G1 3 —1 14 7 2 0 16 13 
5 EL, b — 0 —2 30 36 44 25 46 35 
P815 d — 46 32 58 42 8 2 44 34 
PCC3/A/1/D-Gi — — —2 —3 27 20 3 1 26 20 
TSV b + 1 0 16 12 13 5 17 11 
6 EL, b — —1 —3 38 -28 38 22 41 27 
P815 d — 38 17 44° 23 2 1 37 24 
PCC3/A/1/D-G1 — '— —2 0 18 11 2 0 19 11 
TSV b + 0 —1 11 4 9 5 12 4 


*Target cells were: EL, (C57BI/6 lymphoma) and P815-X2 (DBA/2 mastocytoma) cultivated in vitro in standard conditions; F9 (strain 129 
embryonal carcinoma) grown in 15% foetal calf serum in gelatinised flasks, used for experiments within 2 months of subculture; PCC3/A/1/D-G1 
(derived in vitro from mouse strain 129 embryonal carcinoma cell lme PCC3/A/1) grown in 15 ° foetal calf serum, also used within 2 months of 
subculture; TSV (SV40-transformed mouse strain 129 testicular cells). Spontaneous release was 11-20, 8-10, 15-31 and 13-30, respectively. The 


embryonal carcinoma cells were especially sensitive to careless handling. 


+Serotypes after refs 7, 9, 11 and unpublished results. 


tCytolytic cells were C57BI/6 anti-BALB/c (b anti-d) and BALB/c anti-C57BI/6 (d anti-b). The latter were usually superior to the former 
in terms of number of cells recovered after sensitisation, percentage of blasts and efficiency of lysis of all types of target cells in the presence of 


con A. 
§Ratio of cytolytic to target cells. 


follow the same mechanism after recognition. If this assumption 
is not correct, then our conclusions below about the sensitivity 
of H-2-less target cells would still be valid for some cytolytic T 
cells, but not necessarily for the specifically cytolytic ones. 

In this series of experiments, we also tested as targets TSV 
cells derived from SV40-transformed mouse testicular cells and 
expressing both H-2b and F9 antigen (F.K., unpublished). 
These cells were lysed to a moderate but significant extent by 
specific anti-b cells with and without con A and by anti-d cells 
in the presence of con A (Table 2). The availability as T-cell- 
sensitive targets of H-2+ F9+ virus-transformed and of H-2~ 
F9+ carcinoma cells seems of great potential interest. A study 
of the induction and expression of anti-F9 antigen autoimmunity 
as a function of the presence of H-2 may help eventually to 
reveal not only a genetic!® and ontogenic?®, but also an immuno- 
logical relationship between H-2 and F9. It is clear from the 
results reported here that the presence of F9 determinants does 
not prevent recognition by T cells of H-2 determinants at the 
target cell surface. 

The nature of the primary target cell lesion caused by cytolytic 
T cells is unknown. Molecular channels can be inserted into the 
target cell membrane, as in the “doughnut” model proposed by 
Mayer for complement-mediated lysis”. It may also be that 


‘target molecules’ on the target cell membrane have a role, for 
example as substrates for effector cell membrane enzymes. Tf this 
is so, this report shows that neither H-2 nor very probably F9 
are the exclusive target molecules, or are exclusively associated 
with target molecules, since lysis can proceed in their apparent 
absence. This strongly suggests there is no strict requirement for 
H-2 at a postrecognition stage, which would account for the 
H-2 restriction of T-cell-mediated cytolysis. 

We thank Mrs‘L. Andrean for technical assistance, Dr P. 
Lake for anti-Thy 1 antiserum and the MRC, INSERM, CNRS 
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Table 3 Effect of anti-Thy 1 serum on cells mediating con A-dependent lysis of embryonal carcinoma cells 





Cytolytic cells k (Thy 1-1) anti-b k (Thy 1-2) anti-b 
Anti-Thy 1-2ł none absorbed on none absorbed on absorbed on 
Thy 1-1 Thy 1-1 Thy 1-2 brain 
Target cells* Con A brain brain 
Complement — — + — — + — + 
= 30 28 31 26 21 —2 21 22 
EL, + 34 33 33 27 25 —2 25 24 
= 4 —3 2 1 —i 2 —4 0 
PCC3 /A/ 1 /D-G1 + 25. 32- 25 21 27 6 19 20 





*Target cells were EL, lymphoma and PCC3/A/1/D-G1 embryonal carcinoma cells. 


Spontaneous release was 13 and 30, respectively. 


Cytolysis was testedin the presence or absence of con A, at a ratio of 20 effector cells (adjusted before treatment with antiserum) to one target 


cell. 


+Cytolytic cells were either AKR (k, Thy 1-1) or C3H (k, Thy 1-2) sensitised against C57BI/6 cells (b) 
+Thy 1-1 anti-Thy 1-2 (AKR anti-CBA) antiserum was absorbed either on Thy 1-1 or on Thy 1-2 brain cells. Samples of 0.2 ml were then 


added to 01 ml of medium containing 2 x 10° cytolytic cells, for 30 min at 4 °C. After two washes, 


the cells were resuspended in 0.5 ml of a 


1:10 dilution of complement (guinea pig serum adsorbed on mouse spleen cells) and incubated for 30 min at 37 °C. The cells were again washed 


twice, resuspended in medium and tested for residual cytolytic activity. 
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Immune destruction of virus-infected 
cells early in the infectious cycle 


TARGET cells acutely infected with herpes simplex virus (HSV) 
can be destroyed by human blood mononuclear cells (MC) in 
the presence of IgG antibody to HSV!-3, a process termed 
antibody-dependent cellular cytotoxicity (ADCC). The major 
effector cell which mediates this reaction is a K cell; it possesses 
surface Fe receptors which permit attachment to IgG antibody- 
sensitised target cells*~*, although the way in which the lethal 
hit is delivered is poorly understood. For an immune cytolytic 
mechanism to be maximally effective in limiting the spread of 
virus in a host, it should be able to destroy the infected cell at an 
early stage in the viral maturation cycle, before infectious viral 
progeny can be produced. This requirement seems to be of 
particular importance for viruses such as HSV, which can 
avoid exposure to the neutralising antibody in extracellular 
fluid by spreading from cell to cell across intercellular bridges?’®, 
In this report, we demonstrate that the ADCC mechanism can 
recognise viral surface antigens as early as 2h after cells are 
infected with HSV and can produce target cell death by 3h 
after infection (PI), well in advance of the first appearance 
of both viral progeny and the susceptibility of infected cells to 
lysis by antibody and complement (AbC). 

MC and HSV antibody added to HSV-infected target cells 
2 h after infection uniformly led to substantial cytotoxicity but 
did not injure®uninfected target cells (Table 1). Target cell 
damage induced by ADCC was somewhat decreased at each 
successive sampling period. This diminished cytotoxicity might 
be explained by the fact that the MC, prepared at the beginning 
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Fig. 1 Kinetics of xilling of HSV-infected target cells 2h PI by 
antibody-dependent cellular cytotoxicity. The curve represents 
the mean of four experiments. The vertical bars indicate 1 s.e.m. 


of each experiment, may have lost some of their cytotoxic 
activity while standing at room temperature before use. In 
contrast to ADCC, AbC did not cause significant target cell 
damage until at least 8h after infection, and cytotoxicity 
equivalent in magnitude to that of ADCC was not seen until 
24h PI. In separate experiments, we found that the amount of 
ADCC-mediated damage of cells 2 h after infection was related 
directly to the input of infectious virus. In a representative 
experiment, cytotoxicity was 43.9% when a relatively high 
multiplicity of infection (MOI) (15 PFU per cell) was used, 
15.7% at a moderate MOI (1 PFU per cell), and only 2.3% at a 
low MOI (0.1 PFU per cell). 

Because the ADCC assay uses an incubation period of 4h, 
during which the density of viral surface antigen would be 
expected to increase, the cells used as targets 2 h after infection 
may have been lysed at any time between 2 and 6h after 
infection. To determine when lysis actually began, we measured 
the release of ®Cr from target cells 2 h after infection at hourly 
intervals during the standard 4-h incubation period. The 
results (Fig. 1) indicate that a small but significant cytotoxic 
effect occurred as early as 1h after the start of incubation, 
although most of the cell damage occurred during the ensuing 
3h. These findings indicate that some target cells are lysed as 


„early as 3h after infection starts. 


To determine how early after infection HSV-infected cells 
could be recognised as foreign by the ADCC process, we 


Table 1 Lysis of HSV-infected cells at various times by antibody-dependent cellular cytotoxicity and by antibody and complement 








Time after 
infection Expt 1 Expt 2 
(h) ADCC AbC ADCC AbC 
2 36.4 0.0 28.4 0.0 
4 32.7 0.0 23.7 3.5 
8 27.0 3.9 20.5 6.1 
24 19.6 18.0 21.0 20.1 
Uninfected 0.0 0.0 0.0 0.0 


Cytotoxicity (%) 

Expt 3 Expt 4 Expt 5 
ADCC AbC ADCC AbC ADCC 

43.9 0.0 49.5 0.2 56.3 

NT NT NT NT 57.6 

NT NT NT NT 51.6 

NT NT NT NT 30.9 

NT NT NT NT 0.0 


NT, not tested. §"Cr-labelled Chang liver cells (CL) in suspensions were exposed to the VR3 strain of type 1 HSV at a multiplicity of infection 
(MOD) of 15 plaque forming units (PFU) per cell for 1 h at 37 °C. The CL were then washed and adjusted to 6-10 x 10° ml- in Eagle’s minimum 
essential medium (MEM) with 2% inactivated foetal calf serum (FCS). The cell suspension was incubated at 37 °C in a humid air-5 % CO; 
atmosphere. The time of transfer to the incubator was designated zero hour PI. At various times PI, portions of the cell suspension were frozen 
at —70 °C for determination of infectious virus titres. The remaining cells were chilled in an ice-water bath, washed by centrifugation at 4 °C, 
and then adjusted to 5 x 104 ml— in MEM with 10% FCS for assessment of their susceptibility to lysis by ADCC and lysis by AbC. ADCC and 
AbC were assayed as before®, except that the incubation period (4 h) for ADCC was shorter. The effector cells for ADCC were Ficoll-Hypaque 
separated MC from the venous blood of normal subjects. The effector cell-target cell ratio was 50:1. Fresh guinea pig serum at a final dilution 
of 1:10 was the source of complement (C) in the AbC assay. The antibody source was a pool of heat-inactivated human serum from ten HSV 
seropositive donors; ıt had a lymphocyte-dependent antibody titre of 30,000 and a complement-dependent cytolytic antibody titre of 800 against 
type 1 HSV-infected CL. Heat-inactivated pooled serum from six seronegative donors served as a control. The serum pools were used at final 
dilutions of 1:100 for ADCC and 1:10 for AbC, which have been shown to produce optimal lysis*. Cytotoxicity due to ADCC was defined as 
the percentage *'Cr released from target cells ın the presence of MC and antibody-positive serum (PS) minus the percentage ®Cr released from 
target cells in the presence of MC and antibody-negative serum (NS). PS alone was without effect. Cytotoxicity due to AbC was defined as 
[((W—X)—(Y¥—Z)], where the symbols represent the percentage *1Cr release from cells treated with PS and C (W), with PS and heat-inactivated 
C (X), with NS and C (Y), and with NS and inactivated C (Z). Background release for infected CL was 4-10% during 4 h except for cells 
24h PI, whose release was as high as 20%. Background release for uninfected cells was 10-15 %. All values are the means of triplicate deter- 
minations. Significant cytotoxicity was defined as calculated values of at least 5 % (ref. 3). 
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Fig. 2 Recognition of viral antigens on HSV-infected cells at 
various times after infection by antibody-dependent cellular 
cytotoxicity (@) and by antibody and complement (O). The 
curves represent the mean of five experiments in which lysis by 
ADCC was measured and the mean of three experiments in which 
lysis by antibody and complement was also measured. 


incubated 10° CL at various times after infection with 1 ml of 
a 1:10 dilution of either HSV antibody-positive or HSV 
antibody-negative serum for 15 min at room temperature. The 
cells were then chilled in an ice-water bath, and excess unbound 
antibody was removed by washing them three times at 4 °C 
with MEM containing 2% foetal calf serum. We confirmed the 
absence of free lymphocyte-dependent antibody (LDA) by 
testing the supernates of the final cell washing for LDA activity 
against HSV-infected CL?. Thus, any cytotoxicity shown by 
these cells after subsequent exposure to MC or complement 
indicates recognition of viral antigens which were present at 
the time antibody was added rather than later during the test 
period. As Fig. 2 shows, ADCC recognised infected cells as 
antigenically foreign as early as 2h after infection, whereas 
AbC, as before, was inactive until 8h after infection. Pre- 
sensitisation of target cells followed by removal of free antibody 
resulted in Jess ADCC at 2h after infection than was observed 
when antibody and MC were added together (as in Table 1). 
This may be due to two factors. First, when unbound antibody 
is removed, the free antibody is not available to recognise 
infected cells that develop a density of viral surface antigen 
sufficient to support ADCC later than 2h after infection but 
before the end of the 4-h test period. Second, the sparseness of 
viral surface antigens 2h after infection may not permit firm 
attachment of antibody to the cell surface so that bound anti- 
body may dissociate during cell washing. 

To confirm that the ADCC mechanism recognises and 
destroys HSV-infected cells before infectious viral progeny 





Table 2 Infectious virus titre and membrane fluorescence at various 
times after infection 





Times PI Virus titre Membrane fluorescence 
h) (PFU ml ~) (% positive) 
0 2.3 x 10° 0 
2 1.4 x 10° 0 
4 1.2 x 10° 9 
6 9.0 x 10° NT 
8 1.3 x 10° 84 
12 6.7 x 108 NT 
24 5.0 x 10? 95 





For determination of total virus at various times PI, cell suspensions 
(7x10 per ml) were frozen and thawed three times, and 0.1-ml 
samples were plated on to CL monolayers for 1 h at 37 °C. The mono- 
layers were incubated for 5 d at 37°C in a CO, incubator undera 
semi-solid overlay of 0.7% Agarose before staining with crystal violet 
and counting of plaques. Surface membrane fluorescence at various 
times PI was assessed by incubating 3-5 x 10° cells with 0.1 ml of a 
1:15 dilution of a fluorescein-conjugated rabbit anti-HSV serum 
(supplied by A.J. Nahmias, Emory University) for 15 min at 37 °C. The 
cells were washed three times in ice-cold normal saline. At least 200 
cells per preparation were then examined for surface fluorescence 
under ortho-illumination in a Zeiss fluorescence microscope. Cells 
with partial or complete rims of fluorescence were counted as positive. 
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appears, we determined the amount of infectious virus in the CL 
cultures at various times after infection by plaque titration. 
The results (Table 2) are typical of four experiments and show 
that infectious viral progeny were not detected until 8-12h 
after infection. On the other hand, viral surface antigen, as 
measured by direct immunofluorescence, was first noted at 
4h after infection and reached a plateau at 8 h after infection 
(Table 2). Twenty-five to fifty per cent of the infected, butnone of 
theuninfected cells, also showed a very faint, randomly distribut- 
ed granular fluorescence within several minutes after exposure to 
HSV. This fluorescence persisted unchanged until at least 2h 
after infection. We interpreted this as indicating the presence 
on the cell surface of virus which had adhered but not pene- 
trated. Using the binding of radioiodinated antibody to detect 
viral surface antigen, other investigators have made a similar 
observation with cells exposed to HSV at a relatively high 
MOI (ref. 9). Perhaps, by coating the cell surface with antigenic 
material, this adherent non-penetrating virus may contribute 
to the early killing of infected cells by ADCC. The quantitative 
contribution of this phenomenon to ADCC activity is probably 
small, however, since cytotoxicity seems to be directly related 
to the de novo synthesis of viral antigen by the infected cell 
(Fig. 2) as indicated by the increase in ADCC with increasing 
time after infection. 
`” In summary, ADCC can recognise cells infected with type 1 
HSV as early as 2 h after infection and produces detectable cell 
lysis by 3h after infection. This is well ın advance of the 
appearance of the first mature viral progeny at 8h PI or later. 
Consistent with previous studies using HSV-infected cells*°, 
susceptibility to lysis by antibody and complement is not 
apparent earlier than 8h PI. Although we have not directly 
shown that ADCC inhibits viral replication in vitro, our 
observations suggest that this is a likely consequence of cellular 
injury at such an early stage in the viral maturation cycle. 
Because ADCC requires only modest amounts of antibody 
to operate efficiently", it should be particularly important in 
host defence by helping to limit viral spread during the acute 
phase of a primary infection when specific viral antibody is just 
beginning to be produced. 

S. L. SHORE 

T. L. CROMEANS 

T. J. ROMANO 
Center for Disease Control, e 
Atlanta, Georgia 30333 
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Increased ornithine decarboxylase 

activity in murine 

sarcoma Virus infected cells 

PoLyAMINE biosynthesis is one of the earliest events occur- 
ring during cellular proliferation’’, and the rate at which it 
proceeds’ is limited by ornithine decarboxylase (ODC), an 
enzyme which catalyses the formation of putrescine from 
ornithine. ODC levels are low, but stable, in resting cells, 
and a large increase in activity occurs rapidly after the 
onset of growth*®. Elevated ODC levels occur in certain 
tumour cells, including hepatoma, neuroblastoma and SvV40- 
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transformed cells*”’. Fast growing hepatomas have higher 
enzyme levels than slow growing ones’. During Rous 
sarcoma virus (RSV) transformation, elevation of ODC 
lgvels precedes morphological change’. i ` 
Here we describe the marked elevation of ODC levels 
which occurs in múrine sarcoma virus (MSV)-infected cells. 
The continuous, contact inhibited, non-tumorigenic cell 
line BALB/3T3 (ref. 9) was used for these studies because 
it has a short doubling time and is readily transformed by 
MSV. Gz-MSV (ref. 10), which consists of a transforming 
virus and a non-transforming strain of murine leukaemia 
virus (MuLV), was grown in BALB/3T3 cells. The MuLV 
acts as a ‘helper’ virus, enabling the defective MSV to com- 
plete its replication cycle. Cells transformed by MSV in the 
absence of ‘helper’ virus contain the sarcoma genome, but 
do not release infectious virus (non-producer cells)". 
Rauscher leukaemia virus’ (RLV), a non-transforming 
strain of MuLV, was obtained from the supernatant fluids 
of chronically infected BALB/c cells. BALB/3T3 cells, 
clone A31, and KA31, Kirsten MSV virus-transformed non- 
producer A31 cells, were’ obtained from Dr Stuart 
Aaronson. : 


—_———_—_—_—oOoO———— aaa 


Table 1 Properties of cell lines 


Colony forming 
Population _ efficiency (%)° 


Virus production 
doubling Liquid Soft 


(% infectious centres) 


Cell line time (h) medium Agarose MSV MuLV 
B/3T3 23 51.5 <0.01 <0.1 <0.1 
RLV infected 

(MOI* 3:1) 23 48.5 <0.01 <0.1 75.0 
MSV infected : 

(MOT 1:1) 43 10.5 0.8 46.5 100 
KA31 16 48.0 28.0 <0.1 <0.1 


Cells were seeded at a density of 5x 10% cm~? in growth medium 
(Dulbecco’s modification of Eagle’s minimal medium, supplemented 
with 10% foetal bovine serum and antibiotics). Virus infections were 
performed in suspension (1 h, 37°C) before seeding. Total and 
‘Trypan blue resistant cell counts were performed 1, 3,4, 5 and7d 
after seeding. Cells were collected 7 d after seeding and tested for 
colony forming efficiency in liquid (growth) medium and soft Agarose 
(0.4%). Virus production was measured 7 d after infection by infec- 
tions centre assays. Indicator cells were seeded (1 x 10° cells per 60-mm 
dish) 24 h beforg addition of test cells, and foci of morphologically 
altered cells enumerated 5 d Jater!213, BALB/3T3 cells were the 
indicator for MSV production and the S+H— cell line Al-2 for 
MuLV production. f 

*MOI, multiplicity of infection. 


The properties of the cell lines used are presented in 
Table 1. RLV infection of BALB/3T3 cells did not alter 
the growth rate or colony forming efficiency (CFE)’ in 
liquid medium The RLV infected cells remained contact 
inhibited, and were unable to grow in soft Agarose. KA31 
non-producer cells were morphologically transformed, had a 
short doubling time, and formed colonies when suspended in 
soft Agarose. MSV infected B/3T3 cells released MSV and 
MuLV, and were morphologically transformed but their 
CFE in soft Agarose was low. Their population doubling 
time was greatly increased and their CFE in liquid medium 
decreased. Trypan blue uptake studies revealed only a 
modest increase in the number of non-viable cells (from < 
2% in the control cells to up to 8% in the MSV infected 
cells). The reason ‘for the increased doubling time after 
acute MSV infection is ‘not understood, but it also’ occurs in 
cat cells acutely transformed by the feline leukaemia virus 
pseudotype' of MSV (ref. 14). Apparently many of the cells 
acutely infected with MSV retain the ability to exclude 
Trypan blue, but fail to dividé, perhaps due to cyto- 
genetic alterations (chromosome breaks and pulverisation) 
induced by MSV (P. Fischinger, personal communication). 

ODC levels of BALB/3T3 cells were growth dependent 
(Fig. 1). Maximum levels, reached during exponential 
growth, occurred four days after seeding. The decrease in 
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Fig. 1 ODC activities of cell lines. See Table 1. Cell lines were 
virus infected at the multiplicities (MOD indicated immediately 
before seeding. Cells were seeded in 100-mm plastic plates 
(Falcon) at densities of 5x 10° cm~?. At 1, 3, 4, 5 and 7 d after 
seeding, replicate plates of each line were rinsed twice with saline 
and frozen (—20 °C), until assayed. For ODC assays, cells were 
gently scraped into 1 ml buffer (50 uM EDTA, 25 uM pyridoxal 
phosphate, 2.5 mM dithiothreitol in 25 mM Tris-HCl, pH 7.1), 
freeze-thawed three times, and centrifuged (4,500g for 10 min). 
Supernatant fluids (0.25 ml) were incubated with 50 pl 1-“C- 
ornithine (0.2 pCi, 6.25 nmol) in plastic tubes equipped with a 
rubber stopper supporting a polyethylene centre well. After 
incubation (37°C, 45 min), 0.2 ml hydroxide of hyamine was 
injected into each centre well. After a further incubation of 15 
min, 0.2 ml 6% perchloric acid was added to stop the reaction. 
Tubes were agitated for 15 min to release bound CO,, the centre 
wells were then removed and their radioactivities determined. The 
experiments were performed five times. Results of a representa- 
tive experime ` are demonstrated. @, BALB/3T3 control; O, 
RLY infected \MOI 3:1); I, MSV infected (MOI 0.1:1); D, 
MSV infected (MOI 1:1); A, KA 31. 3 


cell growth that preceded saturation density was accom- 
panied by a rapid drop in ODC activity, and basal levels 
were reached at saturation density. RLV infection had no 
effect on ODC levels. Transformed KA31 cells had a maxi- 
mum ODC level approximately twice that of BALB/3T3 
cells. Acute MSV infection, at both` high and low multi- 
plicities, resulted in a rise of 6-26-fold in maximum ODC 
activity. The rise commenced at the onset of morphological 
transformation, and maximum levels coincided with mass 
transformation of the culture. ODC activity remained 
elevated during the remainder of the 7-d observation period. 
When MSV infected cells were trypsinised and reseeded at 
seven-day intervals (Fig. 2), maximum ODC levels during 
subsequent passages were about twice as much as uninfected 
control cells. 

Our data demonstrate that a marked rise in ODC activity 
occurs in cells acutely infected with MSV. This rise is due 
to the transforming virus component of the MSV complex, 
as infection with non-transforming MuLV has no effect. The 
rise in MSV infected cells is not due to an increased rate 
of cellular division, since most acutely infected cells fail to 
divide. Rapidly dividing, chronically transformed cells (both 
virus producing and non-producing) have maximum ODC 
levels approximately double that of non-transformed parent 
cells. ' 

The increased ODC levels of virus transformed and other 
malignant cells may be related to the higher polyamine 


content of tumour cells and to the increased excretion of 


polyamines in the urine of cancer patients”, 
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Fig. 2 Maximal ODC levels of MSV BALB/3T3 cells. See 

Table 1 and Fig 1. Cells were infected at a MOI of 0.1:1 imme- 

diately before seeding at a density of 5x10? cm~?. Control and 

infected cells were trypsinised at 7-d intervals and reseeded at the 

same density. Cells were collected 4 d after seeding for ODC 

determinations. Open columns, control cells; solid columns, 
MSV infected cells. 
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Single ionic channels induced 
in lipid bilayers by polyene 
antibiotics amphotericin B and nystatine 


AMPHOTERICIN B and nystatine increase the permeability of 
lipid membranes to ions, water and non-electrolytes’?. 
Cholesterol (or some other sterols) is a necessary membrane 
component for the antibiotics to be effectivet*. Permeability 
to water and non-electrolytes increases linearly with ion 
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permeability?. The molecules of the size of glucose and larger 
are essentially impermeant. It is concluded?* that amphotericin 
B and nystatine form aqueous pores with an effective radius 
of approximately 4 A in thin lipid membranes. The changes in 
membrane conductance connected with the formation of a 
single pore have, however, not yet been observed. In this 
paper the properties of individual conductance channels 
induced in black lipid membranes by amphotericin B and 
nystatine are described briefly. ` 

Black lipid membranes were formed across a 0.5-mm diameter 
hole in a 1-ml Teflon cup from n-hexane solutions of brain 
lipids (20 mg ml-) purified from neutral lipids by acetone 
extraction. A certain amount of recrystallised cholesterol 
(usually 1 mg ml) was added to the membrane-forming 
solution. The membrane currents were measured with the 
Keithley-301 electrometer. The water-soluble sodium salt of 
amphotericin B or stock solution of nystatine in dimethyl- 
sulphoxide (107% M) were added at equal concentrations to both 
aqueous solutions buffered with 10 mM potassium phosphate. 
All the measurements were carried out at pH 6.0 and 22-23 °C. 
The specific conductance of black lipid membranes in the 
2 M KCI solution in the absence of antibiotics was about 
2x 10-9 mho cm7?. 

When amphotericin B was added at a concentration of 
2-3 10-8 M to both electrolyte solutions discrete current jumps 
can be observed on the membranes formed from the heptane— 
lipid solution with a phospholipid—-cholestero! weight ratio of 
20:1 (Fig. 1). : 
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å FLO 224, 


120 mE 
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+ rmm ee! 
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Fig. 1 Fluctuations in membrane current in the presence of 
3x10-®M amphotericin B and 2M KCI (a), and 1x107M 
amphotericin B and 2 M KNO, (b). Membrane potential 


200 mV. Arrows show current through an unmodified membrane. 
Phospholipid—cholesterol ratio, 20:1, 





The probability of the appearance of these conductance 
jumps (about 6 pmho in 2 M KCI with a membrane potential of 
200 mV) depended markedly on the cholesterol content of the 
membrane-forming solution. With the cholesterol-depleted 
lipids the membrane conductance did not increase even if 
amphotericin B at a concentration of 5x 10-7? M was added 
symmetrically to the aqueous solutions. At a phospholipid- 
cholesterol ratio of 100:1, the current jumps could be observed 
at 10-’ M amphotericin B, whereas at a ratio of 2:1, only a 
1-2 x 10-® M concentration of the antibiotic was required. The 
size of the jumps did not depend on the cholesterol concentra- 
tion. Being added only to one side of the membrane with a 
20:1 ratio of phospholipid—cholesterol, amphotericin B did not 
increase the membrane conductance even at a concentration of 
4x10-5 M. In all the experiments described below the 
phospholipid—cholesterol ratio was 20:1. 

The stepwise conductance changes observed seem to be the 
result of the formation of single ionic channels, each having 
only two states: one open and one closed. After being formed, 
the channel exhibits many transitions between the two states. 
All the transitions shown in Fig. 1a can be related to the same 
channel because there are no double or other multiple levels 
characteristic of simultaneous operation of several independent 
channels. The distribution functions of dwell times for both the 
open and closed states of an individual channel are single 
exponentials. The average dwell time in each state does not 
depend on the membrane potential. 

The dependence of a single-channel conductance on KCl 
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Table 1 Variation in amphotericin B channel parameters with KC! 
concentration 


KCI (M) ; : 
s 0.5 . 1.0 1.5 2.5 3.5 > 
g (mho x101?) 2.0+0.4 3.7540.5 5.5+0.5 , 6.90.5 84+0.8 
Amph. (M x108), 10 6.5, 5 3o 2a 8 
To(S) ~*  1.9+0.2 2.5406 > 4.3 +05 
Te(s) 0.14+0.01 0.12+0.02 0 13'4-0.02 
4 a 
Li e a es 
g, A single-channel conductance measured with membrane potential 
00 mV. ' i te. ' 
Amph., Amphotericin, B concentration necessary to obtain a 
stationary record (about 10 min) in a few channels. 
To, Average dwell time of a channel in the open state. 
"to, In the closed state. , 








concentration (Table 1) shows saturation. The voltage—current 
characteristic of a single channel and a multichannel membrane 
are shown in Fig. 2. The channel conductance increased 
slightly with membrane potential. In asymmetrical conditions 
(1 and 3 M KCI), the values of the zero current potentials were 
the same for the single channel (1742.0 mV) and for the multi- 
channel membranes (18.5+0.5 mV), within the limits of experi- 
mental errors. Transport numbers for the channel (Tc: = 0.85 
and Tx = 0.15) were similar to those found previously for the 
multichannel membranes in the experiments with low salt 
concentration!. Thus, non-ideal anionic permeability’ of a 
membrane in the presence of amphotericin B is not the result 
of simultaneous operation of two types of channels—cationic 
and anionic—but it'1s an intrinsic property of each individual 
channel. nar . 
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Fig. 2 Current-voltage characteristics of the membrane in the 
presence of amphotericin B; a, points characteristic of a single- 
channel membrane in a symmetrical solution: 1 M KCI and 
6 x 10~*M amphotericin B; curve, characteristic of the membrane 
with approximately 200 channels, in a symmetrical solution: 
1 M KCI and 2x10-7M amphotericin B. The current scale for 
the curve was chosen to fit the point at +100 mV. O, Charac- 
teristic of a single-channel membrane , separating solutions 
of 1 M KCl and 3 M KCI; 3x !0-®M amphotericin B m both 
solutions. The sign of the potential ıs given for the 3 M KCl 
solution b, Region of characteristic of a single-channel membrane 
in asymmetrical conditions near the point of zero current 
; potential. un" i 


The main feature of amphotericin B channels is the 
dependence of their formation and properties on the type and 
concentration of salt. Single channels could be observed in 
solutions of high concentrations of such salts as KCl, KBr, KF, 
KNO;, CsCl, CsBr, CsF, CSNO3, RbNO,, CaCl. As a rule 
these channels have only two states. The jumps of intermediate 
values, however, were rarely observed, as,can be seen in Fig. 3. 
Table 1 demonstrates that the amphotericin B: concentration 
necessary to obtain a few channels, was influenced by salt 


concentration. Formation of the channels depended on the _ 
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‘Fig. 3 Current ‘against time record: 5 M CsCl and 2x 10-8M 
amphotericin B. Membrane potential 100 mV. 


type of cation as well as anion. If.the membrane was formed 
in solutions of electrolyte with a large cation (2M acetylcholine 
chloride) or a large -anion size (2 M. potassium pro- 
pionate), the membrane conductance did not increase even 
at an amphotericin B concentration of 10— M. In NaCl solutions 
single channels were observed only at a rather low salt con- 
centration (up to 2 M). In a solution, of 2 M NaCl the 
. channel conductance was about 3 pmho. In solutions of higher 
ı NaCl or NH,Cl concentrations (3-4 M), there are only random 
changes of conductance with irregular jumps of no.more than 
0.2 pmho.., , TE AT wis 


10-2] o > mN E 


l min | 






a -—-- 1=0 


Fig. 4 Current against time record: 3 M KCI and 107M 
y nystatine. Membrane potential 200 mV. 





One more. interesting property of amphotericin B channels 
is‘the salt dependence of their gates. Figure 1 shows that the 
dwell time of the channel in both states at a given voltage were 
different in KCl and KNO, solutions of the same concentration. 
Moreover the average time which the channel spends in the 
open state (to) depends on salt concentration, as can be seen 
in Table 1. 

Another polyene antibiotic, nystatine, also induced discrete 
changes of lipid membrane conductance. In contrast to 
amphotericin B channels, the presence of smaller jumps and 
somewhat longer dwell times for the open channels were 
characteristic of the nystatine channels (Fig. 4). 
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` Release of novel prostaglandins and 


thromboxanes after immunological 
challenge of guinea pig lung 


. Tue ability of lung tissue from various species to synthesise and 


. ` release parent prostaglandins (PGs) has been well established?+? 


and metabolic conversions of PGs occur rapidly after very effi- 
cient uptake from the circulation*-4. Using an isolated perfusion 
system to allow uptake of the PG precursor, arachidonic acid 
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(1-“C labelled), the sensitised guinea pig lungs released a 
number of radiolabelled substances following challenge with 
specific antigen®. Our attempts to characterise these substances 
and prepare sufficient material for biological testing have 
revealed at least two compounds which have not been previously 
described and others not previously seen in this release system. 

Guinea pigs were sensitised to ovalbumin (100 mg intraperito- 
neally and subcutaneously) and after 3 weeks were killed and 
their lungs perfused with Tyrode solution®. The sensitised lungs 
were challenged during perfusion with ovalbumin (5 mg), the 
perfusate collected for 10 min after challenge and stored at 4 °C 
under nitrogen. A control group of guinea pigs was also per- 
fused without challenge. The compounds of interest in the 
perfusate were transferred into organic solvent by adsorbing 
them on to XAD-2 resin (Rohm and Haas) and eluting with 
methanol. The concentrated methanol extract was then applied 
on to a silicic acid column and the’various substances removed 
by stepwise elution with increasing concentration of methanol 
(0-10%) in chloroform. The eluates .were concentrated by 
vacuum distillation and derivatised for gas liquid chromato- 
graphy and mass spectrometric analysis (GLC-MS). 

The following known PGs and related compounds were 
identified by GLC-MS following their isolation from sensitised 
challenged guinea pig lungs; (1) 12-hydroxy-5,8,10-heptade- 
catrienoic acid (HHT)’, (2) the hemiacetal of 8-(1-hydroxy-3- 
oxopropy])-9,12-dihydroxy-5,10-heptadecadienoic acid (PHD: 
thromboxane B,)", (3) PGE», (4) 15-oxo-PGEz, (5) 15-oxo- 
13,14-dihydro-PGE., (6) PGF2,; (7) 15-0x0-PGFaa, (8) 15-0x0- 
13,14-dihydro-PGFoe.. In addition, two new related compounds 
were characterised, namely 6-oxo-PGFi, (compound 1) and 
7-{2, 4-dihydroxy-6-(3-oxo- 1-octanyl)-tetrahydropyran-5-yl}-cis- 
5-heptenoic acid (compound 2). No identifiable levels of these 
compounds were noted in the control extracts. f 
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The mass spectrum and the source of the major fragments of 
compound 1 as its methyl ester, methoxime, trimethylsilyl 
derivative is shown in Fig. 1. Ions at m/e 173 and mje 199 
support the presence of a 15-hydroxy group and a 13,14-dofible 
bond’. The ion at m/e 217 is typical of the F-prostaglandin ring 
system*. The ion at m/e 187 is formed by a McLafferty re- 
arrangement (not possible for a methoxime substituent at C7) 
with the hydrogen at C9 and confirms the structure of the 
a chain. Additional evidence for the location of the oxo group 
at C6 is provided by the ion at m/e 115. 

The structures of the ions at m/e 115 and m/e 187 are sup- 


i ported by the appearance of ions at mje 118 and m/e 190 in the 


spectrum of the corresponding trideuteromethyl ester of com- 
pound 14. Significantly, this spectrum lacks ions at m/e 104 and 
176, thereby excluding location of the oxo group in compound 1 
at C5. The corresponding benzyl-oxime of compound 14 also 
exhibits the ion at m/e 115 but in this case the McLafferty re- 
arrangement ion appears at m/e 263. Finally, the spectrum of 
compound 1 after methylation, borohydride reduction of the 
oxo group, followed by silylation, exhibits an intense ion at 
mle 217. The intensity of this ion reduces by approximately 50% 
in the corresponding sodium borodeuteride product, and 


„appearance of an ion at m/e 218 is noted. This ion at m/e 218 is 


consistent with the incorporation of one deuterium atom at C6 
and subsequent cleavage in the derivative at the C7, C6 bond, 
alpha: to the newly incorporated trimethylsilyl group. These 
facts are all consistent with the structure of compound 1 being 
6-0x0-PGFia. 

The mass spectrum of compound 2 «as its methylester, 
methoxime, trimethylsilyl derivative, is shown in Fig. 2 with its 
major fragments. The ion at m/e 174 is typical of the aldehydic 
unit of the thromboxane system’ (this appears at m/e 183 in the 
spectrum of the d-9 trimethylsilyl derivative). The absence of an 


Normalised Abundance 





500 : 600 


Fig. 1 Mass spectrum of Compound 1 as its methyl ester, methoxime, trimethylsilyl drivative, 1A, showing the source of the major 
fragments. The principal ions are: m/e 629 (M+); 614 (M—15)* ; 598 (M—31)*; 558 (M—71)* ; 539 (M—90)* ; 508 (M—(31+90))*; 468 
(M—(71+90))* ; 449 (M—(2 x 90))* ; 418 (M—(314-90+-90))* ; 378 (M—(71+90+4-90))*, 353 (M —(90+ 186))* ; 328 (M—(31+90+90+- 


+ 


90))*; 217 (Me,SiO =CH-CH-OSiMe 3); 199 (CH= CH-CH(OSiMe C,H); 191 (MesSiO=CH-OSiMe,); 187 (CH,=C(NH 
OMe}(CH,){COOMe)*; 173 (Me;SiO—CHC,;H 11); 115 ((CH,),COOMe)*. 
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Fig. 2 Mass spectrum of compound 2 as its methyl ester, methoxime, trimethylsilyl derivazive 2A, showing the source of the major 
fragments. The principal ions are: m/e 586 (M+); 555 (M—31)* : 496 (M—90)* ; 485 (M—101)* ; 465 (M—(31+90))* ; 424 (M—(90+-72))* ; 


+ 
375 (M —(31+4-90+ 90))* ; 354 (M-61 +90))* ; 329 (M —(101 + 156))* ; 322 (M — (90+ 174))* ; 258 (Me,SiO = CH(CH,),C(=NOMe)CsHn, 
174 (HC(=NOMe)CH,CH=OSiMe,); 156 ((CH2)2C(=NOMe)C;H;,)* ; 142 (CH,C(=NOMe) C;H1)* ; and (Me,SiO=CH-CH,CN). 


ion at m/e 173 suggests modification of the lower chain from that 
of thromboxane B». Losses of 156 and 142 and ions at these 
masses (all noted for the d-9 trimethylsilyl derivative) indicate 
a saturated B chain containing an oxo substituent. The base 
peak at m/e 258 (267 in the d-9 trimethylsilyl derivative) is 
equivalent to that at m/e 301 in the corresponding thromboxane 
B, derivative’. The structure of the top chain is supported by the 
loss of the 101 fragment (104 in the corresponding trideutero- 
methylester of 2.4). These facts accord with compound 2 having 
a structure equivalent to that of an oxo-dihydro derivative of 
thromboxane B,. 





Table 1 Chromatographic characteristics and relative amounts of 
compounds isolated after immunological challenge of guinea pig lung 


Fraction Approximate 
Compound no.* C-valuet % of totalt 

15-oxo PGE, 3 24.4§ Trace 
15-oxo-13,14-dihydro PGE, 3 24.3§ Trace 
15-oxo-13,14-dihydro PGF ya 3 24.4 - 3 
PGE, 3,4 24.5§ 1 
Compound 2 4,5 25.3 42 
15-oxo-PGF 24 4 24.5 6 
Thromboxane B, 6,7,8 25.1 30 
PGF 7 24.0 0.6 
Compound 1 7,8 25.5 li 
Other unidentified substances 

with PG-like mass spectral 

characteristics — — 6 


*% MeOH in CHCI, on silicic acid, each fraction being 20 ml 
total volume. | f 

fRetention time relative to fatty acid esters on 1.2% SE 30 at 
230 °C for methylated, methoximated, silylated compounds. Com- 
pound | is not resolved into doublet except as benzyl-oxime derivative. 

{Calculation based on 3 groups of pooled perfusates each derived 
from 200 guinea pigs. There was less than 10% variation in the per- 
centages quoted from each group. GLC analysis indicated that the 
total PG and thromboxane content is 1.3~1.8 ug per guinea pig. 
e §Major geometric isomer. 


` 


Table 1 lists the relative amounts of the PGs and thrombox- 
anes observed, along with their chromatographic elution 
characteristics. ; 

Very little PGE, or PGF 2, were detected, although there was a 
significant amount of 15-oxo-PGFe, and 15-oxo-13,14- 
dihydro-PGF2,. A high proportion of the content occurred as 
compound 2, perhaps indicating a significant formation of 
thromboxane B,. Hamberg! described the release of throm- 
boxane B, after challenge in a chopped lung system and our 


‘data would suggest that in vivo, thromboxane B, may be meta- 


bolised rapidly within the cells after its synthesis and in the lung 
system, at least, may not exert its full pharmacological action. 

The biological activities of compounds 1 and 2 have been 
compared with those of PGF». and thromboxane B, on a 
variety of smooth muscle preparations in vitro. Compound 2 
had no detectable activity, whilst thromboxane B, had minimal 
and variable activity only on respiratory smooth muscle 
(1/100-1/1000 that of PGF.,). 

Compound 1, however, had considerable biological activity, 
being 1/3 as active as PGF 2, on respiratory smooth muscle and 
having 1/5 to 1/100 the activity on a variety of intestinal smooth 
muscle preparations. Compound 1 occurs as approximately 
11% of the total PGs released on challenge (PGF 2, 0.6%) and 
probably accounts for a significant proportion of the PG 
spasmogenic activity. 

Only three of the compounds listed in Table 1 have significant 
spasmogenic activity: PGFee, 15-oxo-PGFea (ref. 11) and 
6-oxo-PGF:i, and the activity of the last two seems to be 
reasonably selective for respiratory smooth muscle. It would 
seem, therefore, that the identification of this novel PG 
(compound 1) is of considerable relevance to the immuno- 
logical reaction in guinea pigs and may relate to the symptom- 
ology of human asthma. 

Although there is no evidence in the present study for 
metabolic conversion of thromboxane B, to compound 2, by 
inference from the metabolism of the parent PGs, it seems likely 
ary Library 
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that this is its probable mode of formation. The activity of the 
enzymes responsible for these metabolic reactions in asthmatic 
individuals could, therefore, be of considerable importance in an 
analysis of the role of PGs and thromboxanes in asthma. 
| | W, DAWSON 
J. R. Boor 
Pharmacological Research 
A. F. COCKERILL 
D. N. B. MALLEN 
D. J. OSBORNE 
Physical Organic Research, 
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ABO blood group ctl. col 
determinants with branched core 


ALTHOUGH the biochemical basis of ABO and Lewis blood types 
in man has on the whole been elucidated’, more detailed in- 
formation is needed about the carbohydraté'structures of the 
A and B subgroups?. But investigation’ has been limited by the 
complexity of the sugar chains of these antigens*. Information 
can, however, be obtained from the study of human milk 
oligosaccharides, which are synthesised by a series of glycosyl 
transferases which mediate the formation of glycoproteins, 
especially those of blood group substances‘. Our studies have 
‘shown that, contrary to the composite structures of ABO and 
Lewis blood group determinants described by Lloyd and Kabat? 
(Fig. 1), the H determinant is located only on.the type 1 carbo- 
hydrate chain (GalB1>GicNAc....) of the branched sugar 
grouping. 

Lacto-N-hexaose, a branched oligosaccharide with the same 
structure as the distal portion of the backbone carbohydrate 


Fig. 1 Composite structure of the blood group determinants 
proposed by Lloyd et ai.’. : : 
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chain of blood group substances, and its fucosyl derivatives 
have been found in human milk*5. We have isolated thre® of 
them which have the Fucal-+2Gal grouping and elucidated 
their structures (Fig. 2). Details of structural studies will be 
published elsewhere. ` , > ‘ 

A survey of these structures suggested that the Fucal +2Gal 
grouping ıs limited on the type 1 chain of the branched portion 
of the backbone, in contrast to the widely accepted idea that 
the grouping occurs both on type 1 and type 2 chains of the 
branched core®. To verify this concept, the possible occurrence 
of even a minor isomeric component that has the Fucal >2Gal 
grouping on the type 2 chain had to be eliminated. An N- 
‘acetylgalactosaminy] transferase (A enzyme) found in the milk 
of women with blood type A transfers N-acetylgalactosamine 
from UDP-GalNAc to the C3 position of the galactose residue 
of both Fucal >2GalB1—>3G1cNAc.... and Fucal >2GalBp1—> 
4G1cNAc....groupings’”®. With UDP-N-"“C-acetylgalactosa- 
mine as a donor, this enzyme can be used to detect specifically 
the H determinants with type 1 and type 2 chain backbone’. 


Galf1+4GlcNAcB1 


Galf1+4Gle 


gy ‘ 


N 
6 
3 


Fucal»+2Gal1ßl+3GlcNAc ar 


Fucal 
; + 
Galpl+4GlcNAcBly 


| Saalg1+4Gle 


af 
Fucal+2Gal61+3G1lcNAcB1 ' e 


NeuAca2+6Gal 81+4G1cNAcB a i 
' i 6 


3 
Fucal+2Galf1> 3G1ceNAc BIL 


Galßĝl+4Glc 


Fig. 2. Structures of three lacto-N-hexaose derivatives with 
blood group H determinant. 


An endo-ß-galactosıdase, purified in our laboratory from 
Diplococcus pneumoniae, hydrolyses the blood group A deter- 
minant of type 2 chain but not of type 1 chain’. A combination 
of these two enzymes thus provides a sensitive method to dis- 
criminate type 1 and type 2 H determinants.in heterosaccharide 
chains as indicated in Fig. 3. 

N-2, a mixture of monofucosyllacto-N-hexaoses, and N-3, a ` 
mixture of difucosyllacto-N-hexaoses, were isolated from milk 
of four secretor individuals as before!!. Each oligosaccharide 
was ‘incubated with UDP-N-"C-acetylgalactosamine and A 
enzyme?2, and the products were analysed by paper chroma- 
tography. A radioactive octaose was detected in all the incuba- 
tion mixtures of N-2 fractions and a nonaose in all the mixtures 
of N-3 fractions (Table 1). When the N-2 and N-3 fractions 
were incubated with 20 pg of Bacillus fulminans a-L-fucosidase'?, 
which cleaves only the:Fucal->2Gal linkage, no radioactive 
products were detected. We conclude that the N-acetylgalacto- 
samine incorporated into oligosaccharides was catalysed by the 
A enzyme. 

The radioactive octaose and nonaose were eluted from the 
paper chromatogram, incubated with endo-B-galactosidase, and 
the release of GalN-“ C-Acal >3Gal2<1aFuc was determihed 
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‘ , Type l chain Type 2 chain 
GalB1+3G1cNAc..-. Galfl+4Gl1cNAc.... 
2 2 
+ + 
Fucal Fucal 


Fig. 3 Enzymatic discrimination of 
type 1 and type 2 H determinants 


2 


Fucal 


as described in the legend of Table 1. No radioactive trisaccha- 
ride was observed. Lacto-N-fucopentaose I and Fucal > 
2Ga1B1—>4G1cNAcB1 >3hexene-1,2,5,6-tetrol as standards of 


a Oe, 
Table 1 Incorporation of N-'*C-acetylgalactosamine into oligo- 
‘saccharides catalysed by A enzyme and their degradation by endo-B- 





galactosidase 
GalN-“C-Ac Counts released 
incorporated as trisaccharide 
Olgosaccharides (c.p.m.x10-%)  (c.p.m. x 107) 
N-2 fraction 
1 21 0 
2 1.9 0 
3 0.8 0 
4 0.9 0 
N-3 fraction} 
le 4.8 0 
2 2.9 0 
3 3.2 0 
4 1.8 0 
Lacto-N-fucopentaose I 7.4 0 
Fucal—>2GalB1>4GIcNAc 6.8 6.7 


B1->3 hexene-1, 2, 5, 6-tetrol' 
SS 


A sample (50 ug) of each sugar was mixed with 300 U of purified 
A enzyme, 20 nmol (01 pCi)’ of UDP-N-"C-acetylgalactosamine 
and 50 pl of 0.05 M Tris-HCl buffer, pH 7.5, containing 0.02 M 
MnCl,. The A enzyme was obtained from the milk of an A, individual. 
After addition of a drop of toluene, the mixtures were incubated 
at 37 °C for 42 h. The reaction mixtures were then passed through a 
small column (0.5 x4 cm) containing a mixed bed of BioRad AG-3 
(OH_) and BioRad AG-50 (H+), and washed with five bed volumes 
of distilled water. Eluate and washings were combined, spotted on 
Whatman No. 3MM paper as a 3-cm band and subjected to descending 
paper chromatography using ethylacetate-pyridine—acetic acid- 
water (5:5:1:3) as a solvent for 14d Radioautoscanning revealed a 
single ‘radioactive octasaccharide and a single radioactive nona- 
saccharide in the incubation mixtures of N-2 and N-3 fractions, 
respectively. Radioactive ' GalNAcol+3Gal(2<—1aFuc)B1—> 
3GIcNAcB1>3GalB1->4Glc and GalNAca+3Gal(2<—IaFuc) 
B1>4GIcNAcB1->3-hexene-1, 2, 5, 6-tetrol were detected as the sole 
reaction products in the incubation mixtures of lacto-N-fucopentaose 
I and Fucol>2GalB!—4GIceNAcB1—3-hexene-tetrol, respectively. 
These radioactive oligosaccharides were recovered from the paper 
chromatograms by elution with water, and the radioactivities were 
determined by a Packard Tri-Carb liquid scintillation spectro- 
photometer, after mixing aliquots of each sample with scintillation 
cocktail. The remaining samples were incubated with 1.0mU of 
purified endo-B-galactosidase for 24h. The incubation mixtures 
were spotted on Whatman No. 3MM paper, and subjected to 
descending paper chromatography using ethylacetate-pyridine— 
water (12:5:4) as a solvent for 20h. The areas corresponding to 
authentic GalNAcal--3Gal2<—laFuc (ref. 9) were cut out from the 
chromatogram, placed in scintillation vials, and the radioactuvities 
were determined after incubating the paper pieces with 1 ml of water 

è and adding 7 ml of scintillation fluid. 


GalN—' *C-Acal+3GalB1>*3G1cNAc.... 


UDP-GalN-* *C-Ac 
A enzyme 


GalN-) *c-acal+3GalB1+4GlcNAc.... 
2 
+ 
Fucal 


endo-B-galactosidase 


GalN—!"C-Acal>3Gal + GlcNAc.... 
2 
+ 
f Fucal 
type 1 and type 2 H determinants, respectively, were treated in 
the same way. Similar levels of N-acetylgalactosamine were in- 
corporated into both oligosaccharides by incubation with A 
enzyme and UDP-N-“C-acetylgalactosamine (Table 1). The 
activity incorporated into Fucal-»2Galß1 —4GIcNAcß1 —3- 
hexene-1,2,5,6-tetrol was recovered completely as GalINAcal > 
3Gal2<laFuc by the subsequent endo-B-galactosidase diges- 
tion, while that of lacto-N-fucopentaose I remained unhydro- 
lysed (Table 1). These results confirm that the Fucal ->2Gal 
groupings of N-2 and N-3 fractions are located only on the 
type 1 chain of lacto-N-hexaose. The limited location of the 
Fucal->2Gal grouping may be the reflection of the specificity 
of the H gene-associated a-2-L-fucosyltransferase. This enzyme 
adds a-fucosyl residues at the C-2 position of the non-reducing 
terminal galactose units of both type 1 and type 2 groupings 
when these are present on unbranched sugar chains!*"*, This 
enzyme, however, may not be able to add a fucosyl residue at 
the GalB1 +4G1cNAc grouping of the branched core. 

The GalB1>4G1icNAcB1—>6Gal .... grouping has been 
shown to be one of the I blood group determinants!®1", Absence 
of the H blood group determinant on this grouping means that 
the ABO blood group system does not interfere with the 
phenotypic expression of the J gene, and that the I antigen may 
be able to coexist with A, B or H antigen on the same branched 
heterosaccharide core. 
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Lead competitively inhibits 
calcium-dependent synaptic transmission 

in the bullfrog sympathetic ganglion 

Many polyvalent cations have been used in studies of synaptic 


transmission either as tools for gaining a better understanding 
of synaptic processes or, in their own right, as potentially toxic 


substances!—’. Inorganic lead although long known to have ` 


neurotoxic effects, has not been studied extensively at the 
synaptic level until recently. Kostial and Vouk® found that 
lead blocked transmission in the perfused superior cervical 
ganglion of the cat in vitro by reducing the amount of acetyl- 
choline released from presynaptic nerve terminals without 
affecting the response of ganglion cells to applied acetylcholine. 
The addition of excess calcium to the perfusion solution restored 
acetylcholine output and relieved the lead block. Manalis and 
Cooper’, working with the frog sciatic nerve-sartorius muscle 
preparation in vitro, showed that lead depresses phasic trans- 
mitter release evoked by nerve stimulation and increases 
spontaneous release as evidenced by an increase in frequency 
of miniature endplate potentials. Lead had only a weak, 
curare-like effect on the postsynaptic response to applied 
acetylcholine. In this paper we show, using electrophysiological 
techniques, that PbCl, blocks synaptic transmission pre- 
synaptically by competitive inhibition of calcium. In support of 
this data, we further show, using *°Ca, that lead in fact 
does reduce the uptake of calcium by preganglionic nerve 
terminals. - 

In all experiments the 9th or 10th sympathetic ganglion was 
removed from the bullfrog (Rana catesbeiana) along with 
several cm of preganglionic trunk and postganglionic ramus 
and connecting spinal nerve. After removal of the connective 
tissue sheath, the ganglion was placèd in a sucrose gap chamber 
similar to that described by Koketsu and Yamamoto”. This 
chamber allowed for the selective perfusion of the ganglion 
with normal or modified Ringer’s solutions. Supramaximal 
stimuli were applied at a rate of 1 s~+. Control ganglionic com- 
pound action potential was measured after 30 min of stabilisa- 
tion in normal Ringer. Then the ganglion was perfused for 
30 min with Ringer’s solution containing lowered calcium, 
added lead, or both. Control and experimental periods were 
alternated in this way for the duration of an experiment. 

Data for 4 concentrations of lead at several calcium concen- 
trations are presented in Fig. 1. Figure 1a shows that the 
log of ganglionic response amplitude is a positive linear function 
of the log of calcium concentration between 0.2 and 1.0 mM. 
Lead shifts the response to the right with no appreciable change 
in slope. The slopes of the log-log curves are similar to those 
obtained for cobalt and magnesium at the neuromuscular 
junction! The same data replotted on modified Lineweaver— 
Burk coordinates as described by Dodge and Rahamiandmoff™ 
are shown in Fig. 1b. These curves intercept with the ordinate 
at the same point, indicating a competitive antagonism of 
calcium by lead. The potency of lead as a synaptic blocking 
agent is great when compared with magnesium, cobalt, and 
manganese, all of which have been shown to interfere with 
synaptic transmission at the frog neuromuscular junction 
through a competitive antagonism of calcium. Cobalt and 
manganese’ are 20 times»? and lead 1s 1,000 times® more potent 
than Mg at the frog neuromuscular junction. Our data reported 
here are in general agreement since lead is at least 200 times more 
effective than magnesium in blocking ganglionic transmission®. 

Several other parameters were examined to ascertain whether 
the sole effect of lead at these concentrations was through an 
antagonism of the action of calcium at presynaptic nerve 
terminals. Axon conduction amplitude and velocity ın the 
preganglionic nerve trunk were measured before and after 
exposure to lead in a concentration which completely blocked 
ganglionic transmission. No changes were seen. Presynaptic 
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spike amplitude was measured by the method of Dunant??, 
Again, lead had no appreciable effect. Ganglionic response fo 
bath-applied acetylcholine as described by Koketsu and 


“Yamamoto” was used as a test of postsynaptic receptor 


function. Only a 5% decrease in response was observed at 
levels of lead which completely block synaptic transmission. 


100 
90 


% Control 





0.1 O25 


O85 08 00 
[Ca**] (mM) 


(n Control) 1? 








[Ca?+] 7 (mM) 


Fig. 1 a, A log-log plot of postganglionic response amplitude 
against Ca?+ concentration for 0, 5, 10, and 20 uM Pb?t. 
The average slope of the lines is 2.05. Each point is the average 
of at least 5 determinations The standard error of the mean is 
shown with each point b, The same data plotted on modified 
‘Lineweaver-Burk coordinates. Control Ringer contained 111 
mM NaCl, 2.5 mM KCl, 20 mM CaCl and 4 mM Tris buffer. 
All straight lines were determined by least-squares regression. 
Concentration of Pb?+ in modified Ringer’s solution’ A, 0 pM; 

O,5 uM; D, 10 pM; +, 20 pM. i 














From the data presented above we infer that lead competi- 
tively inhibits calcium-mediated transmitter release from pre- 
synaptic nerve terminals. Additional support of this conclusion 
was obtained in a series of experiments in which the effects of 
lead on the uptake of Ca by presynaptic nerve terminals were 
examined. The method of Blaustein was used with several 
minor modifications!®. “Ca was added to'a bath containing 
a pair of ganglia. One member of the pair was stimulate 
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supramaximally for 20 min at a.rate of 6 stimuli s—*. After rinsing, 
weighing, and digestion, the amount of “Ca taken into the 
ganglia was measured by conventional scintillation counting. 

Figure 2 shows that stimulation of the preganglionic nerve 
resulted in a threefold increase in “Ca uptake. Antidromically 
stimulated ganglia took up no: more Ca than unstimulated 
ganglia indicating that the activity of ganglion cells and post- 
ganglionic axons did not contribute to the “Ca uptake. Further- 
more, ganglia blocked by (+-)-tubocurarine took up quantities 
of Ca comparable to the uptake of unblocked preparations 
suggesting that postsynaptic receptor activity was not contri- 
butory. The **Ca uptake of stimulated lead-blocked ganglia 
was however, reduced to 9% of control, indicating that lead 
strongly blocks the uptake of calctum normally associated 
with the arrival of action potentials at the presynaptic nerve 
terminals. This is in agreement with the data and the conclusion 
derived from the electrophysiological studies. In addition, lead 
reduced the “Ca uptake of unstimulated ganglia to 16% of 
unstimulated control indicating an effect of lead on calcium 
exchange which 1s not related to the presence of an action 
potential. 
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Fig. 2 The amount of “Ca taken up by ganglia under the 
following conditions: a, unstimulated ganglia and ganglia 
activated by preganglionic nerve stimulation, both in normal 
Ringer’s solution; b, unstimulated ganglia and ganglia activated 
by stimulation of the postsynaptic nerve, both ın normal Ringer’s 
solution; c, unstimulated ganglia and preganglionically stimu- 
lated ganglia in Ringer’s solution containing 100 mM (+)-tubo- 
curarine; d, unstimulated and _preganglionically-stimulated 
ganglia in Ringer’s solution containing 50 pM Pb?+. 50 uM 
Pb?* blocks 100% of the postganglionic response. Modification 
of Blaustein’s method was as follows: 5 Ci of Ca in 50 ul 
HOH were added to a bath containing 2.5 ml of Ringer’s solution. 
After stimulation, the pre- and postganglionic nerves ‘were 
removed and the ganglia blotted on filter paper. Wet weights 
were then taken. Digestion was done in 05 ml of 10% tetra- 
methyl ammonium hydroxide heated to 90 °C for 20 min. 5 ml 
of Bray’s solution were then added for conventional scintillation 
- counting. 


From these experiments we conclude that lead blocks synaptic 
transmission in the sympathetic ganglion by competitive 
antagonism of spike-evoked entry of calcium into presynaptic 
nerve terminals and a subsequent reduction. of transmitter 
release. It is not possible to say whether such a mechanism 
contributes significantly to the central or peripheral nervous 
system dysfunction seen in acute or chronic lead poisoning. 
Carroll et al™ have, however, shown that K-induced release 
of acetylcholine from brain slices of mice exposed to lead during 
developent is reduced and is also dependent on the presence 
of calcium in the medium. Since the presently accepted upper 
limits of normal, “safe”, blood lead levels of human children 
and adults are 2 uM and 4 uM respectively, it may well be 
that the mechanism described here is a factor in chronic lead 
Rpisoning, 


705 


This work was supported by grants from the Environmental 
Protection Agency and the NIH. 
Tuomas E. KOBER 
GARY P. COOPER 
Department of Environmental Health, 
University of Cincinnati Medical Center, 
3223 Eden Avenue, 
Cincinnati, Ohio 45267 


Received April 28; accepted June 29, 1976. 


1 Weakly, J. N , J. Physiol., Lond., 234, 597-612 (1973) 
2 Merri, U , and Rahamimoff, R., Scrence, 176, 308-309 (1972). 
3 Guerrero, S , and Riker, W K., J Pharmac exp. Ther., 186, 152-159 (1973) 
4 Manalıs, R S., and Cooper, G P., Nature, 257, 690-691 (1975) 
5 Kostial, K., and Landeka, M , Experientia, 31, 834-835 (1975). 
6 GEE W A „Schnitzler, R. M., and Parsons, R L., J. Neurobiol , 2, 263-278 
71). 
7 Del Castillo, J., and Engback, L , J. Physiol., Lond., 124, 370-384 (1954). 
8 Kostial, K., and Vouk, Y. B., Br J. Pharmac , 12, 219-222 (1957) 
9 Manalis, R S , and Cooper, G. P., Nature, 243, 354-356 (1973) 
10 Koketsu, K., and Yamamoto, K., Br. J. Pharmac , 50, 69-77 (1974) 
11 Dodge, F. A., and Rahamimoff, R , J. Physiol , Lond., 193, 419-432 (1967) 
12 Dunant, Y , and Dolivo, M., Brain Res , 10, 268-270 (1968). 
13 Blaustein, M. P , Sctence, 172, 391—393 (1971). 
14 cae P. T , Silbergeld, E K , and Goldberg, A M., Neurosci Abstr , 1, 250 
75). 
15 Goyer, R. A , and Mahaffey, K R , Environ. Hlth Perspect , 2, 73-80 (1972) 


E S 





Type of sensory nerve fibre 
sprouting to form a neuroma 


WHEN a peripheral nerve is cut across, the axons in the central 
end send out sprouts. If these sprouts fail to reach the distal part 
of the cut nerve they form a tangled mass called a neuroma}. 
Neuromas which occur in man after amputation or after failure 
of regeneration of a damaged nerve are always tender on 
pressure and are sometimes the source of ongoing pain?. When 
experimental neuromas are stimulated, it is known that a 
delayed volley of nerve impulses arrives at the central nervous 
system? and it was assumed that the delay was occurring in the 
fine sprouts. Now that we have examined single fibres originat- 
ing from a neuroma, we find that this conclusion was wrong and 
that there is a much more surprising explanation: only the 
small diameter, slowly conducting axons within the peripheral 
nerve seem to send sprouts into the neuroma and the delay in 
arrival of the afferent volley is primarily due to the fact that it 
runs only in slowly conducting fibres. This selective outgrowth 
of small fibres may be of considerable practical interest. These 
fibres include those which normally carry signals from injured 
tissue. In the normal situation, however, injury detection signals 
are accompanied by impulses in large diameter nerve fibres 
which decrease the central effect of the injury signals. The 
neuroma, as a pure culture of small fibres, may generate pain 
producing impulses? where the pain has an intensity and pecu- 
liarly unpleasant quality due to the absence of the normal modu- 
lating impulses‘ in the larger fibres which have failed to 
regenerate. 

The experiments were carried out on 70 adult male albino 
rats, Sabra strain, weighing more than 300g at the time of 
nerve section. Under ether anaesthesia, the sciatic nerve of one 
leg was transected and the central stump was drawn by a strand 
of epineurium into a polythene tube so that the nerve fitted 
snugly without compression, The end of the tube was usually 
capped with bone wax. Some nerves were studied in an acute 
preparation immediately after cutting, and others were studied 
1 d to 6 months after section. For this examination the animals 
were anaesthetised with urethane or Nembutal, paralysed with 
Flaxedil, and had the lumbo-sacral spinal cord exposed. To 
record compound action potentials, a low lumbar dorsal rootlet 
originating in the neuroma was cut centrally and placed on a 
pair of Ag—-AgCl recording hooks. For single units, fine filaments, 
about 20 um in diameter and 1-2 mm long were stripped from 
the end of the root, placed on a single hook, and recordings 
made with reference to a nearby indifferent electrode. The 
sciatic nerve was exposed and the neuroma freed from its tube. 
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Fig. 1 Compound action potentials recorded on an L5 dorsal 


root following stimulation of a sciatic nerve neuroma (a), a point 
on the proximal edge of the neuroma (b), and a region of rela- 
tively intact sciatic nerve (c). Recordings were made 52 d after 
the sciatic nerve had been cut. The neuroma was 4mm long. 
Stimulus points for a, b and c were 2.5, 7.5 and 12.5 mm central 
to the distal end of the neuroma. A cathodal square wave pulse 
(2.0 mA, 0.05 ms) was delivered at the point indicated in each 
sweep. The calibration marks are 1 ms and 200 pV negative 
upwards. The results show that only a slowly conducting wave 
was produced from the neuroma while a bimodal compound 
action potential was evoked by stimulation only slightly proxi- 
mally on the nerve. 


The exposed surface of the neuroma and nerve was then stimu- 
lated at selected points by silver hook or mono- or bipolar fine 
tungsten electrodes delivering square wave pulses of 0.01-0.5 
ms duration from a constant current source. 

By one week after the nerve had been cut, an obvious swelling 
appeared on the end. When this was stimulated at a current 
adequate to stimulate intact nerve, no response was recorded. 
If the stimulus was increased, a compound action potential 
appeared on the root after an unusually long delay. An example 
is shown in Fig. 1a where the nerve was examined 52 d after 
section and the stimulus applied midway along the 4-mm 
neuroma. Using the same intensity of stimulus, compound 
action potentials were also evoked by stimulation at points 
5.0 mm (Fig. 15) and 10.0 mm (Fig. 1c) proximally along the 
nerve. It will be seen that the compound action potential evoked 
from 10.0 mm proximal to the neuroma has two peaks and 
arrives in 0.8 ms. The wave evoked from the neuroma itself, 
only 10 mm distally, however, takes an extra 1.4 ms to arrive. 
Similar results were seen in all nerves tested from a few days to 
6 months after section. The extent of the delay depended on the 
survival time with delays increasing for about 3 weeks. There- 
after, little further slowing occurred. The question of whether 
this delay is due entirely to slowing of spike conduction within 
the neuroma or to the possibility that only slowly conducting 
parent fibres penetrate the neuroma was only settled with 
certainty by single unit studies. 

Single fibres originating from the neuromas were examined by 


Nature Vol. 262 August 19 1976 


recording from fine dorsal root filaments and by stimulating at 
two locations, one (S;) on the intact nerve, usually about 20 rim 
from the neuroma, and one (S,) on the neuroma itself (Fig. 2, 
top). The two stimulus locations allowed the single unit nature 
of the spike to be defined by the collision technique. First a unit 
driven from the neuroma was identified and its latency measured 
and conduction velocity (S, velocity) calculated. Then a shock 
was applied to the proximal stimulating electrode (Sı) 0.5-10 ms 
before the neuroma stimulus, and its intensity raised gradually. 
Suddenly the spike originating in the neuroma vanishes and is 
replaced by an earlier identical spike. The proximal stimulus 
has generated an orthodromic spike which is recorded and an 
antidromic spike which has collided with the spike originating 
from the neuroma, abolishing it (Fig. 2). The latency of the 
spike from the S, stimulus can now be measured and the con- 
duction velocity of the fibre from the S, position to the recording 
electrode (S, velocity) calculated. This technique allowed single 
myelinated and unmyelinated afferents to be identified and 


R S, S, 


= 


a a aaa 


Fig. 2 Single units identified by the collision technique. The 
recording and stimulation arrangement is shown in the diagram 
at top. a, Top sweep, S, stimulus is delivered at the beginning of 
the sweep and evokes a volley of spikes (compound action 
potential) on the dorsal root filament from 1-2 ms after the 
stimulus. The S, stimulus is given 1 ms after the S, stimulus and 
it evokes a single spike with a latency of 7.9 ms seen on the right 
of the sweep The stimulus current on S, 1s increased in the second 
sweep but 1s still below threshold for the single unit. In the third 
and fourth sweeps, the strength of the S, stimulus has reached 
the unit’s threshold and a spike now appears 3.3 ms after the S, 
stimulus This sprke has the same height and slope as the one 
evoked by the S; stimulus in the sweeps above. When the spike 
is produced by the S, stimulus it collides with the spike produced 
distally in the neuroma (S,) so that the spike produced from S; 
cannot travel to the recording root. This proves that the action 
potential from the two stimulus points occupted the same fibre. 
The overall conduction velocity from S, was 24.8 m s~ and from 
S, was 11.9 ms™. b, Using the same procedure as in a, a single 
unit with a lower conduction velocity was identified. Here the 
S,-S, time difference was 10 ms and the overall conduction 
velocity was 2.2 ms~ from the S, stimulus point and 2.2 ms™ 
from the S, point. The time mark is 1 ms for a and 10 ms for bs 
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allowed the calculation of conduction velocities both for the 
parent fibre alone and its extension into the neuroma. 

In a series of unoperated rats, and rats with sciatic neuromas, 
this was done for every unit encountered from the S, stimulus 
position that was sufficiently well isolated to allow for unequi- 
vocal determination of its velocity also from the S, position. 
The histogram of S, conduction velocities in normal nerves 
(Fig. 3, upper right) shows a distribution ranging from 5 m s~ 
up to 80 ms™ with the expected bimodal distribution. The 
histogram for S, velocities of these same fibres is very similar 
(Fig. 3, upper left) since normal fibres have relatively uniform 
velocities along most of their course. The histogram of conduc- 
tion velocities from the neuroma shows, however, that almost 
all the units sampled from neuromas had slow overall velocities 
(Fig.,3, lower right) and furthermore their parent fibres in the 
intact part of the nerve were also slow (Fig. 3, lower left). In 
addition to the small myelinated fibres whose sprouts make up 
the neuroma, a number of unmyelinated parent fibres were 
observed which extended into the neuroma. These fibres, which 
may have a role in pain along with the small myelinated fibres, 
will not be discussed further here. They were not included in the 
histograms because they were specifically sought and not 
randomly encountered as was the rest of the sample. 

Most of the fibres from neuromas had overall (S,) conduction 
velocities somewhat slower than the velocities of their parent 
fibres (Figs 2a and 3, bottom). This difference undoubtedly 
represents a slowing of the impulses in the tangled fine sprouts 
within the neuroma. In a few fibres one S, response latency was 
observed when near-threshold stimulating currents were used, 
byt when the current was increased the unit’s response latency 


Velocity S, 


Velocity S, 


suddenly jumped to a smaller value. Apparently, the stimulus 
had now become suprathreshold at a slightly more proximal 
position on the sprout. For each spike initiation point within 
the neuroma, however, the parent fibre velocity measured at S, 
was identical. It has been reported that there is a slight shrinkage 
of myelinated fibres proximal to a nerve section’, a pheno- 
menon reflected in the slight slowing of the fast component of 
the compound action potential elicited from positions proximal 
to neuromas as compared with an intact nerve. This change 
however, is quite inadequate to explain the marked low velocity 
of the parent fibres of neuroma sprouts. 

These data indicate that electrical stimulation of neuromas 
formed on the transecied sciatic nerve activates slowly conduct- 
ing myelinated (A-delta) but not more rapidly conducting 
myelinated fibres. This presumably means that only small fibres 
sprout to form a neuroma. Alternatively, it may be that large 
fibres also emit sprouts but that orthodromic conduction along 
them is blocked, perhaps because the fine sprout 1s unable 
sufficiently to depolarise the large parent axon®. 

M.D. is a post-doctoral fellow of the Foundations’ Fund for 
Research in Psychiatry. This work was supported by a grant 
from the Thyssen Foundation. We acknowledge the valuable 
contributions of Ms D. Schonfeld. 
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Swimming in the sea anemone 
Stomphia coccinea triggered 
by a slow conduction system 


THERE has been great interest in the sea anemone Stomphia 
coccinea since its remarkable swimming response to the 
starfish Dermasterias imbricata was first discovered’, On 
contact with Dermasterias, this anemone rapidly detaches 
from the substrate and undergoes a series of swimming 
movements involving flexions of the column. The starfish 
Hippasteria spinosa’ and a nudibranch, Aeolidia papillosa 
also evoke swimming. Previous attempts to analyse this 
response physiologically were based on indirect observations 
of swimming induced by electrical stimulation. There were 
difficulties in explaining the coordination of the swimming 
response in terms of a single nerve net and it has been 
suggested that the swimming response is controlled by a 
separate system‘. The electrical activity from sea anemones 
can be measured and correlated with various behaviour 
patterns"*®. Use of these techniques with S coccinea has 
shown that a slow conduction system, quite distinct from 
the familiar through-conducting nerve net’ always becomes 
active when Dermasterias contacts Stomphia. This activity, 
it seems, triggers the entire swimming sequence. 

Polythene suction electrodes were used for both recording 
and electrical stimulation, as described elsewhere’. An 
electrode was attached to the tentacles of the anemone for 
recording purposes and the animal was harnessed (Fig. la) 
by pinning a sector of the oral disk of a completely intact 
anemone to a rigidly fixed platform of Sylgard resin. This 
ensured that those tentacles within the sector would be 
fixed in space, thereby reducing the possibility of the 
electrode being thrown off during swimming movement. 
This procedure does not unduly affect the swimming 
response. 

A single shock (5ms duration, 10 V intensity) delivered 
through a stimulating electrode attached to a tentacle 
evokes a response (Fig. 15), detected by a recording elec- 
trode on an adjacent tentacle. Similar pulses have been 
recorded from other sea anemones®”® and seem to originate 
from three separate conduction systems: the through- 
conducting nerve net (conduction velocity up to 120 cm s“*) 





starfish 
onf Yoff 
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and two slowly conducting systems, the SS1 (conduction 
velocity 3-14cms™) and SS2 (conduction velocity ®~ 
4cms'). The properties of these systems have been des- 
cribed elsewhere’. Activity occurring within any one system 
may be distinguished from that occurring in the others by 
comparing the conduction velocities, thresholds of excita- 
tion and characteristic waveforms of the recorded pulses 
(see Fig. 15). 

The complete swimming sequence can be triggered by 
bringing Dermasterias into contact with a single tentacle 
of S. coccinea. Previous accounts’? have described the 
stages in this behaviour pattern as follows: (1) an “alert- 
ing” response of the entire tentacular crown on contact 
with the starfish; (2) temporary contraction of the upper 
region of the column often shielding the tentacles from 
view and breaking the tentacle-starfish contact; (3) exten- 
sion of the column because of a gradual constriction of the 
mid-column region; (4) re-emergence of the tentacular 
crown, relaxation of the upper column region and expan- 
sion of the entire oral disk; (5) constriction of the pedal 
disk margin, detachment of the pedal disk from the sub- 
strate and formation of a cone-shaped projection from its 
centre, (6) alternating ipsilateral and contralateral flexions 
of the column wall constituting the swimming movements 
of the animal. The entire sequence, stages (1)-(6) may take 
~ 5-15s, and the swimming flexions continue, with 
lengthening pauses between bursts, for up to 5 min. 

The electrical activity recorded from a single tentacle of 
the anemone at the beginning of this response is shown in 
Fig. 1c. In this instance, the starfish was placed against the 
tip of a single tentacle, 4.5cm from the recording site, for 
1.5s. The evoked electrical activity was a series of pulses 
identified by their waveforms as originating in the SS1. 
There was no accompanying activity associated with the 
through-conducting nerve net or SS2 This was not because 
the recording equipment could not detect ongoing activity 
in these systems, since a test shock applied during the res- 
ponse evokes characteristic pulses in all three systems. The 
behavioural responses accompanying this electrical activity 
included stages (1)-(5); but no electrical activity has yet 
been recorded, either from the SS1 or any Sther identifiable 
system, during the swimming flexions (stage (6)). 

The SS1 can be electrically stimulated alone by placing 
a stimulating electrode on an ectodermal flap cut into the 
column and applying shocks at an intensity above ‘SS1 
threshold®. With the exception of the temporary, upper- 
column contraction (stage (2)), the entire swimming response 
can be triggered by stimulating the SS1 within the appro- 
priate frequency range; about 1 shock every 250 ms to 1 
shock every 4s. At greater frequencies, the SS1 becomes 
refractory and does not conduct. At lower frequencies, the 


Fig. 1 a, Stomphia coccinea 
tethered to an immobile platform 
for recording purposes. A suction 
electrode is attached to a tentacle 


NN SSI SS2 pinned to the platform and the 


y Yy y pedal disk has affixed itself firmly 

i to the substrate b, Electrical 

a : activity recorded from a tentacle 
= y fi E in response to a single shock to an 
Q adjacent tentacle. The first pulse 


denotes the stimulus artefact. The 
recorded pulses are associated 
with three separate conducting 
systems: the through-conduction 
nerve net (NN) and two slowly 
conducting systems, SS1 and SS2. 
c, Electrical activity recorded 
from a tentacle during the initial 
stages of the swimming response. 
The starfish Dermastertas imbri- 
cata was brought into contact 
with another tentacle to inutiate 
the response (on) and removed 
ls 15s later (off). This evokes 
repetitive firing in the SS1. $ 


20 nV 
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swimming response cannot be triggered. A minimum of 
ab®ut 4 shocks (at a frequency of 1 shock every 250 ms) is 
usually required to elicit the response but more shocks were 
often required if the anemone had not swum within about 
the preceding 10h. This indicates that the internal state 
of the animal may exert an influence over the activation 
threshold of the swimming response”. 

The through-conducting nerve net and SS2 do not seem 
to be involved in triggering the swimming response. Elec- 
trical stimulation of the intact column above SS1 threshold 
excites both the nerve net and the SSI, but in this case the 
swimming response may be triggered with a slight modi- 
fication: the anemone sometimes contracts or ‘twitches’ as 
the shocks are applied. If the stimulus intensity is above 
threshold for the nerve net but below that for the SS1 so 
that the nerve net alone is stimulated, the anemone will 
contract but swimming behaviour is not triggered. This 
confirms and explains earlier results with electrical. stimuli 
applied to the intact column‘ where the threshold for swim- 
ming was shown to be higher than that for contraction. The 
failure of electrical stimulation of the SS1 to cause the 
initial contraction. of the column (stage (2)) that occurs 


in the response to Dermasterias is, neverthéless, puzzling. . 


This stage in the response may be caused -by mechano- 
receptors’ activating a system whose electrical activity 
cannot be detected by the techniques used here. 


The SS1 pulses seem to constitute a sensory response to” 


the unidentified active chemical found in Dermasterias™. 
This sensory response operates over a much faster time 
scale than comparable activity previously encountered in 
sea anemones. In Fig. 1c a total of 10 pulses occurs over a 


period of 4.8 s (mean inter-pulse interval (i.p.i.)=533 ms). In `, 
the response of the anemone Calliactis parasitica to 


Buccinum shells, the- SS1 fires at a mean ivp.i. of approxi- 
mately 7s (ref. 12), and in the prefeeding response of the 
anemone Tealia felina, the same system fires at a mean 
i.p.i. of approximately 25s (ref 13). Anti-facilitation of 
pulse amplitude occurs in addition to a process of sensory 
adaptation (Fig. 
Tealia®. ` 


The SS1 coordinates pedal disk detachment in Calliactis” 


and it probably has a similar function in Stomphia, operat- 
ing the entire process at a much faster rate. The observation 
that continuous activity of the SS1, SS2 or through-con- 
ducting nerve net is not necessary to maintain the swim- 
ming flexions suggests that the SS1 may feed into and 
trigger a ‘swimming programme’ which is maintained and 
coordinated by a localised motor system, perhaps the net- 


work of large multipolar nerve cells found'in the column™. ` 


So far, however, ‘it has not been possible to record electrical 
activity from this network during swimming. f 
These results extend the direct evidence for.the view 


that the behaviour of sea anemones is not controlled by a 
single nerve net. Swimming in Stomphia, like the transfer ọf 
Calliactis to shells? and other complex behaviour patterns, , 


involves interactions between different conduction systems. 


These findings should allow: a` reappraisal‘ of current ideas’: 


about the control of behaviour and the organisation of the 
nervous system in these so called ‘simple’ animals. Species 
of Stomphia, which display a variety of specific, stereotyped 
and repeatable behaviour patterns, should be prime subjects 
in further investigations to.the end. as i 

“This work was carried out at the Friday Harbor Labora- 
tories of the University of Washington. Thanks are due to 
the Director, Dr Dennis Willows, for the provision of space 
and facilities and to DriD. M. Ross for advice and criticism. 
The financial assistance of the NRC of Canada and the 
University of Alberta is acknowledged. ` 


I. D. Lawn 


Bamfield Marine Station, ' 
Bamfield, British Columbia VOR 1B0, Canada 
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Polarised light-sensitive 
interneurones in a swimming crab 


- THIS report shows that there are polarisation-sensitive inter- 
neurones in the crab visual system, contrary to recent 
speculations’. It also shows that polarised light information 
-in crabs is elaborately processed. 

Naturally-occurring light polarisers ‘include water sur- 
faces, particles suspended in air and water’, and many larger 
objects, especially of biological origin (unpublished obser- 
vations). Five uses of this diversity of environmental 
polarised light by animals have been put forward. Animals 
such as bees** may infer the position of the sun for naviga- 
tion- although the sun itself is obscured. Polarised light 
patterns may enable aquatic animals to detect an ‘artificial 
horizon’. For animals flying above water surfaces this 
may result from the fact that reflected light is horizontally 
polarised’. In the underwater.case light is polarised by 
reflection from suspended particles; here the area of greatest 
brightness is always horizontally polarised. The water skater 
Gerris may use polarisation sensitivity (PS) to screen out 
the predominantly single plane of reflected light from water 
„surfaces, enabling a better view into the water’. PS may 


'. enable extra'discriminations about visual contrast through 
' ¿a system analogous to colour vision. This approach has been 
* suggested for human divers®, but has not until now been 
". proposed as a physiological mechanism. Finally, PS in photo- 


‘receptors has been shown to enhance quantum capture 
and thus absolute sensitivity to light’. > 

In spite of this wealth of possibility, evidence of the inter- 
neuronal processing which must underlie the behaviours 
listed above has been presented in only one, anomalous, 
case : PS interneurones have been reported in the goldfish’; 
the anomaly is that goldfish receptors exhibit no PS. 

I looked for PS interneurones in the ,optic lobes of the 
eye of a. swimming. crab, Scylla serrata, an animal which 
has known PS in’ tle receptors (ref. 10 and unpublished 
observations) (Fig. 1a and b). I used a broad field stimulator 


. not reported.before in, polarised light vision research, which 


in some ways simulated the light environment found under- 
` water. This paper presents evidence of PS interneurones in 
“Scylla } the result does not agree with the recent suggestion 
that the neural wiring pattern of the crustacean eye cancels 
‘out the PS information present in the receptors, producing 


` only a polarisation-independent system’. 


In the experiments reported here, single spots were pro- 
„jected from behind on to a paper diffusing screen 30cm 
-from the rigidly cemented ‘left eye of a legless but other- 
` wise intact crab. The screen measured 16x9 cm, and on it 
‘spots from 2 to 30° diameter subtended at the eye could be 
‘displayed. All stimuli were’ plane polarised by a 60-cm dia- 
“meter rotatable disk of polaroid positioned between the 

screen and the eye. A 360° potentiometer mounted coaxially 
with the disk enabled its position; and its rate and direction 
of rotation, to be recorded. ‘ 

In the experiments, two essential precautions were taken. 

The problem’ of spurious reflections dependent on the light 
source had already been recognised™. These were avoided 
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Fig. 1 a, Photoreceptor responses to increasingly intense flashes of light over 3 log units of intensity, ‘and then photoreceptor responses to 
flashes of polarised light with the e vector moved first clockwise and then anticlockwise in 10° steps, one 40-ms flash every 5 s.. Calibration 
20 mV. The difference in response, at maximum and minimum is equivalent to 1 log unit of intensity and thus thé cell has a.polarisation 


sensitivity of 10. b, Photoreceptor responses to continuous. polarised: light, e vector stationary and vertical, and then to continuous 


polarised light, e vector rotated through 360°. 


c, Interneurone I. The stimulus channel shows: i, dark discharge; ii, light-on (polaroid 


static and vertical); iii, response after 30s of this unchanged stimulus; ‘iv, polaroid rotation clockwise 360°;'v, polaroid left, stationary 
and vertical; vi, polaroid rotation anticlockwise; vii, polaroid stationary and vertical; viii, light-off. Time mark 5 s. Note that the-response 
is independent of stimulus direction, and that light-off has. the strongest_¢ffect. d, Interneurone Il. The stimulus channel shows: i, dark 
discharge; ii, dim light-on (A) with- polaroid static and vertical; iii, polaroid ‘rotation clockwise; iv, polaroid static and vertical; 
v, polaroid rotation anticlockwise. Time mark’ 5 s. Note directional selectivity of responsé, and that polaroid rotation has a stronger 
effect than light on. e-g, Interneurone II. Data showing absence of stationary, presence of ‘rotational .PS.:e, Response of'a unit to a 
stimulus similar to that given the receptor cells in continuous light but 45° steps. There is no significant stationary PS as the response 
range is not significantly different from a similar period of dark discharge (f). g, Distinct response of three class II units to the rotational 
, g ‘stimulus sequgnee (i-viii) listed.above. : 
PAR- ge : pe 


by placing a black screen with a small (3X2 mm) window 
close (2mm) to the eye. The screen acted as a light „baffle 
and ensured that the crab saw only the light spot and not, 
. for example, its reflection from the floor, of the preparation. 
holder. Second, the fact that the stimulating variable really 
was polarised light and not intensity was checked. Measure- 


ments with a Hewlett Packard 8334A radiant fiux meter - 


showed only 0.57% intensity variation during, an e-vector 
rotation of 360°. i l E iet: f 
Units were recorded extracellularly from the external 
medulla by conventional glass microelectrode techniques: 
Examples of two classes of unit are presented here. Both 


' i t . 
classes have very ‘broad receptive’ fields, responding to test 
spots applied anywhere over the whole’ eye. For both units 
the experimental protocol was similar. at 
. Unit (20 cells recorded) responds:to polaroid rotation, 
but is insensitive to the direction of rotation. In a typical 

‘trial (Fig. 1c, i-viii), a class I unit showed a:small increase 
in discharge to light-oń (e vector stationary and vertical). 
The cell was allowed to adapt to a low frequency of dis- 
charge (iii). and 30s after light-on, polaroid rotation at a 
rate of about 50° s! was commenced (iv). This led to a 
fivefold increase in discharge rate. The opposite direction 
of rotation (vi) showed the same effect, and that it was 
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independent of the orientation or direction of rotation of 
tbe e vector. Stopping rotation led to cessation, then a 
gradual return of activity. 

Figure Id and e show the responses of a class II unit 
which responds to both rotation and direction of rotation 
of e vector (6 cells recorded). Here, illuminating the spot 
with the e vector stationary and vertical, led to a doubling 
of discharge rate (ii). Rotating the polaroid clockwise at 
about 50° s™ (iii) led to a progressive decrease in rate to 
a fifth of that induced by light-on. In complete contrast, an 
anticlockwise rotation (v) led to a progressive and sevenfold 
increase on the previous clockwise rate. 

In discussing these results a point first arises as to cate- 
gories of polarised light stimulus. When a polarising filter 
is rotated between a light source and the crab eye, the 
intracellular response of a retinula cell varies with the 
angular position of the filter (Fig. 1a). The commonly used 
definition of receptor PS has always been derived from res- 
ponses to flashes of light, each being through a different 
stationary e-vector angle. I term this stimulus a stationary 
stimulus. It contrasts with the stimulus used in the inter- 
neurone experiments reported here, which I term a 
rotational stimulus. 

The receptors of the crab eye are modulated by both 
stationary and rotational polarised stimuli (Fig. la and b). 
Because they respond to both, receptors by themselves 
cannot distinguish betwen stationary and rotational stimuli. 
It is clear that the interneurones demonstrated here are 
more specialised elements in a polarisation detection system. 
Both are more highly tuned to e-vector rotation than the 
receptors; furthermore, unit II is more highly tuned to 
rotation than unit I. 

Although there are no data on the static PS of unit I, 
its response to rotation is quite different from that of a 
receptor. It has a flat response to rotation, whereas the 
receptor response is modulated (Fig. 15). 

In turn, unit II is more highly organised than unit I. 
First, in terms of the weighting given to intensity change 
relative to e-vector change: in unit I, the greatest response 
modulation was caused by light-off; in unit II, the greatest 
modulation was caused by e-vector change. Second, and 
most important, only unit II responds with directional 
selectivity. 

These results demonstrate the existence of polarised light 
information in the crab central nervous system. The crab 
may use this information in three of the five ways mentioned 
in the introduction. 

The first of these is contrast enhancement. The units 
reported here have been shown to respond to changes both 
in light intensity and in rate of e-vector rotation. It may 
be, however, that the general response is to moving patterns 
composed of variations in intensity and of polarisation. If 
this is the case visual contrast in the system could be en- 
hanced in the following way. It is possible to imagine a 
grey moving object invisible against an equally grey back- 
ground. If, however, the light coming from the object were 
different from the background in amount and e-vector angle 
of polarised light—a situation common in the ocean—the 
above PS system would detect a contrast difference. In this 
way the otherwise invisible object would become visible. 

Second, orientation : in servo systems it is advantageous 
that rate of change detectors feed back to the output. If 
information from the units reported here were fed back to 
the motor system, Scylla could swim so as to minimise out- 
put from the PS interneurones and therefore move at a 
fixed angle relative to the polarised background. Such a 
system would minimise rolling and would act as a visual 
Stabilisation system. Note, however, that units of class I 
and II alone would not enable a crab to orientate to one 
particular angle as opposed to another. This is because 
neither unit measures stationary e-vector angle. For this, 
é channel carrying positional information is required. This 
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could be from the gravity detection system—in crabs, the 
statocysts—or from as yet undiscovered interneurones with 
stationary PS. Bodies of water are often turbid to the extent 
that swimming animals can see neither bottom nor solar 
position. In these very conditions, however, the polarised 
artificial horizon would be easily visible to an animal with 
the polarisation-sensitive system I have outlined. Such a 
system would enable animals to orientate visually in other- 
wise featureless water. 

Finally, the underwater polarised pattern, while main- 
taining its horizontal component, moves with the Sun’s 
movement during a day. If PS interneurones were allied 
with an internal clock, the system, as in the bee, could be 
used for navigation. 

I thank Dr Y. Tsukahara and Dr S. Laughlin for useful 
discussions. 
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Aerial gas exchange in 
Australian arid-zone crab, 


Parathelphusa transversa Von Martens 


Parathelphusa transversa is a brachyuran crab of the family 
Potamonidae and is found over much of inland Australia, 
including arid areas’, Permanent water sources, such as 
water holes, rivers and dams are avoided and during pro- 
longed dry periods the animals lead a fossorial existence, 
their air-filled burrows being found in the clay soils of dry 
swamps and water courses. After heavy rain or flooding 
they emerge from their burrows to forage in the surface 
water, leading an amphibious existence. Their mode of life 
requires the capacity for gas exchange in both air and 
water and this is associated with structural adaptations of 
the branchial chamber to form a lung. We describe here 
the animal’s unusual and hitherto undescribed mechanism 
of tidal ventilation of the lung. 

Several other families of the Decapoda include terrestrial 
and semi-terrestrial representatives’. Most attention has been 
paid :o those crabs which evolved from intertidal forms so 
that it is of interest to examine the parallel adaptations to 
air breathing which have occurred in this crab of fresh- 
water origin. 

The branchial chambers which are enclosed by lateral 
extensions of the carapace (the branchiostegites) are much 
expanded compared with aquatic forms (Fig. 1). There are 
seven pair of gills (a smaller number than in most aquatic 
crabs). These are reduced in size and only occupy a small 
proportion of the total volume of the branchial chambers. 
The remaining epibranchial spaces are normally air-filled, 
when the crab has access to air. 

The branchiostegite is highly vascularised as in other 
terrestrial crabs (Figs 1-3). Blood channels between the 
inner and outer integument of the branchiostegites are 
separated by a system of connective tissue partitions, which 
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Fig. 1 P. transversa supported in air and illuminated strongly 

from the ventral side. Markings on carapace above branchial 

chamber delineate the major blood channels. a, Near-maximal 

expiration. Note the shadow of the thoracic wall penetrating 

into the branchial chamber. b, Maximal inspiration; thoracic 
wall has retracted out of the branchial chamber. 


fulfil the dual role of directing blood flow and acting as a 
suspensory system for the inner integument. Support for 
this delicate membrane is presumably also provided by the 
hydrostatic pressure of the haemolymph. 

Although the inner surface of the branchiostegite is 
smooth and lacks the surface amplification described in the 
Ocypodidae? and Coenobitidae’ it is well adapted for air- 
blood gas exchange. The inner cuticle (Fig. 3) is extremely 
thin (about 0.2 um). For comparison, the cuticle covering 


Fig. 2 0.5-um epoxy section of dorsal region of branchiostegite 

stained with methylene blue. Extensive blood channels are 

partitioned by connective tissue. The thin epidermal lining 

of the inner cuticle (lower area) is unresolvable at this magni- 
fication ( x 168). 
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the gill leaflets and filaments in this and other crustaceans 
is generally about 1-3 øm thick (refs 4 and 5, and Wh- 
published observations). The cuticle here seems to be rep- 
resented only by a thin epicuticle*. There are no lamellae 
of helicoidally oriented chitin-protein microfibrils as seen 
in the exocuticle and endocuticle of the gills and other 
regions (ref. 6 and unpublished observations). 

The blood-air diffusion path is further minimised by 
extreme attenuation of the epidermal cells underlying the 
inner cuticle. Except in the sparsely distributed perinuclear 
regions of the cells the cuticle is separated from the blood 
by a cellular layer only 20-100nm thick, of which about 
15nm is represented by the apical and basal plasma mem- 
branes. The apical plasma membrane is applied directly to 
the cuticle. A thin (about 40 nm) basal lamina covers the 
haemolymph surface of the cells. Thus the total blood-gas 
distance is about 0.2 um over most of the surface of the 
lung. This is of the same order of magnitude as the blood- 
gas distance in the lungs of the most active vertebrates 
and considerably less than in some’. 

The mechanism of ventilation when breathing air has 





Fig. 3 Electron micrograph of inner cuticle of branchiostegite 

showing very attenuated extensions of the epidermal cell over 

the blood side of the cuticle. Formaldehyde—glutaraldehyde 
fixation with post-osmication ( x 10,500). 


been examined. Surprisingly the scaphognathites, which 
are important in producing respiratory water currents in 
the aquatic mode and which are involved in aerial ventila- 
tion in other crabs™™*, are not involved. Expiration is 
brought about by expansion of the membranous thoracic 
wall and roof of the branchial chamber (dorsal region of 
the thoracic epimera and pleura) into the epibranchial 
chamber (Fig. la). Inspiration is achieved by the retraction 
of the membrane to assume its normal concave form (Fig. 
1b). Inspiration in one epibranchial chamber is accompanied 
by simultaneous expiration in the other. These movements 
may be observed by shining an intense light (with heat 
filter) through the animal from the ventral surface and 
observing the shadows of the thoracic wall on the carapace. 
This movement involves a slow lateral oscillation of the 
thoracic viscera (dark areas in Fig. la and b are probably 
mainly the digestive gland). 

Direct observation reveals that the scaphognathites do net 
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beat during aerial ventilation, the prebranchial apertures 
above the mouth remaining open. By placing detergent 
films over these so-called ‘exhalent apertures’, it was estab- 
lished that ventilation was tidal, both inspiration and 
expiration occurring through these apertures. The Milne- 
Edwards apertures at the base of the chelipeds are not 
involved in aerial respiration. In another freshwater crab, 
Trichodactylus petropolitanus (Trichodactylidae) the scapho- 
gnathites cease beating in air, although it was considered 
that air entered the branchial chamber by diffusion during 
aerial respiration in this animal’. 

In resting Parathelphusa the ventilatory movements are 
sporadic but after exercise become regular in frequency 
and depth, reaching a maximum rate of 20 cycles min7? 
(each cycle represents one inspiration and expiration for 
each lung). During maximal ventilation the thoracic wall 
moves almost completely across the epibranchial chambers. 
It is estimated that at least 70-80% of the air in the lung 
is exchanged ‘in each ventilatory cycle. ' : 

The oxygen extraction efficiency of the lung of 
Parathelphusa thas not yet been measured. Ventilation of 
the gas exchange surface seems, however, to be more effi- 
‚cient than in Birgus or gecarcinids, where diffusion distances 
between the branchial tufts or gills are relatively long‘. 

The muscular basis of ventilation is not yet known. It is 
possible that .muscles homologous to the ‘dorso—ventral 
muscles’ described by Pearson’? in Cancer ‘are involved. 
These muscles run from the roof of the branchial chamber 
to the carapace. Contraction of these could effect inspira- 
tion while expiration in the contralateral branchial chamber 
would be simultaneously effected by hydraulic displacement 
of the haemolymph and viscera. 

No similar ventilatory movements have been described 
in other crabs, although in Birgus carapace movements 
contribute in a minor way to air flow through the lungs’. 
Unlike a vertebrate, a crab’s total volume is essentially 
fixed by its rigid exoskeleton. In this light the simultaneous 
inspiration and expiration in opposite chambers could be 
seen as a neat solution to the problem of lung ventilation. 
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Calcium couples flagellar 
reversal to photostimulation 
in Chlamydomonas reinhardtii 


SEVERAL recent findings'~* suggest that the intracellular 
concentration of free calcium, [Ca],, has an important role in 
the regulation of ciliary land flagellar beating. For example, 
Paramecium extracted with Triton X-100 and reactivated with 
Mg?* and ATP swim backwards when the Ca2+ concentration 
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of the test medium, [Ca]o, is raised above 10-*M (ref. 1). 
Similarly, extracted cells of the typanosomid Crithidia show a 
reversal in wave propagation that is controlled by Ca ions. 
In studies on the intact flagellar apparatus isolated from a 
wall-less mutant of Chlamydomonas reinhardtii, the flagella 
have been shown to reverse direction of the effective stroke 
when external [Ca], is raised above 10-* M (ref. 3). Electro- 
physiological evidence indicates that, in Paramecium, reversal 
of ciliary beating is caused by Ca which enters the cell when the 
Ca permeability of the membrane is increased**. We have 
investigated whether Ca is involved in the phototactic response 
and more specifically whether this Ca influx is regulated by the 
cell membrane. Electrophysiological recording was impractical 
because of the small size of these cells (< 10 um), and so the 
approach was to photograph the light-induced motor responses 
of cells swimming in solutions containing different concen- 
trations of Ca or Ca-blocking agents. The results demonstrate 
that the reversed beating response of the flagella depends on Ca. 
Inhibition of the response by Ca-blocking agents supports the 
view that reversed beating response of the flagella is coupled 
to photostimulation by an influx of Ca ions. 

Wall-less mutants of C. reinhardtii strain CW92 were grown 
axenically in liquid medium® at 25 °C with constant shaking 
under a 14-h light, 10-h dark cycle. Light was provided by 
Cool-white and Gro-lux fluorescent illumination at an intensity 
of 2.6 W m~?. Response variability was minimal when cells 
were used between hours 67 and 77 after inoculation and be- 
tween hours 3 and 6 of the light cycle. 

Cells were centrifuged and resuspended twice in the experi- 
mental solution and were kept in the dark before transfer 
to a microscope slide. They were then examined by phase 
illumination under red light (Corning glass 2-62 sharp-cut filter, 
600-750 nm) and left undisturbed while exposed continuously 
to the red light for 60-75 min before stimulation. Red illumina- 
tion did not produce any overt behavioural response in these 
cells. The stimulus, a substitution of white light for the red 
light, was achieved by electromechanically replacing the red 
filter by a neutral density filter for approximately 280 ms. 
The red light had an energy before entering the microscope 
optics of ~ 80 W m~? and the white stimulus light plus neutral 
density filter ~ 70 W m-2. The temperature at the microscope 
stage was 20-+1 °C. A fresh sample of cells was used for each 
experiment and each group of cells was stimulated only once. 

The control solution contained 2mM EGTA (ethylene 
glycol-bis-(B-aminoethylether)-N,N’-tetraacetic acid), 3mM 
CaCl,, 1 mM KCl, 0.1 mM MgCl, and 5mM HEPES (N-2- 
hydroxyethylpiperazine-N’-2-ethanesulphonic acid) at pH 7.1. 
Experimental solutions were identical except for the concen- 
tration of Ca or the addition of test substances as described 
below. CaCl, was added to the fixed concentration of EGTA 
in amounts yielding the desired concentration of free Ca for 
[Ca], between 10-° and 10— M (ref. 7). At higher concentra- 
tions the free Ca was regarded as the total Ca concentration 
minus the EGTA concentration. 

Analysis of cell and flagellar motion was carried out at 
1,000 x image magnification on Kodak 2496RAR film exposed 
in a LOCAM 16-mm camera at 200 frames per s. Frame-by- 
frame analysis of the recorded sequence was made on a Van- 


- guard motion analyser, and representative flagellar configura- 


tions were traced by hand, and reproduced schematically 
in Fig. la. Backward swimming velocity is defined as the 
distance covered by the cell during an episode of backward 
swimming divided by the time elapsed during reversed loco- 
motion. Forward swimming velocity was calculated from the 
distance covered by the cell in 150ms. In those instances 
where forward locomotion was determined during a light 
stimulus the period of measurement began 20 ms after stimulus 
onset. 

During forward swimming under red light the flagellar 
motion resembled a breastroke®® (Fig. 14, bottom left, a). 
The power stroke consisted of the simultaneous movement of 
both flagella in a rather straight sweep bending only near the 
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base. This stroke propelled the cell forward with the base 
of the flagella leading. The recovery stroke consisted of a 
wave propagating along the flagella from base to tip, which 
pushed the cell backwards slightly. A complete cycle of beating 
lasted about 20 ms. The time required for one complete cycle 
was determined to +10 ms by measuring the time required 
for 5 beats to + 10 ms. 

Photostimulation in the control solution always produced a 
constant modification of flagellar movement and hence swim- 
ming behaviour (Fig. 1). The cell continued to swim forward 
for about one cycle (that is, 20 ms) after the onset of the 
stimulus and then stopped for about 20 ms. The power stroke 
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then reversed (reversal in b, Fig. 1A), increased in frequency 
and caused the cell to back up. This reversed swimming was 
only seen in response to the photostimulation. Backward 
swimming continued for 200 ms after the stimulus. After 
550-+100 ms from the initiation of backward swimming 
the cell eventually slowed to a stop and for about 200 ms 
wobbled around its transverse axis (c, Fig. 1.4). The cell moved 
about 14 um in the reverse direction before resuming forward 
movement. 

Changes in [Ca], did not significantly affect forward swim- 
ming in the unstimulated cell (Fig. 1B) but markedly modified 
the light-induced responses (Fig. 14, 5,-b;). In the range of 


Fig. 1 Dependence of Chlamydomonas photoresponse on [Ca]. A, Bottom, normal sequence (a, b, c and d) of flagellar behaviour and cell 
movement before, during and after a 300-ms light stimulus in control (that is 10-* M Ca) solution. Durations of backward swimming and 
wobble are about 550 and 200 ms respectively. Reversal and termination of backward swimming latencies are 20 and 200 ms respectively. 
The response during light is shown on a larger scale in the expanded portion of the stippled area. Backward locomotion was progressively 
inhibited (b,, ba, ba) by reduced [Ca] . B, Prestimulus velocity (um s~) plotted against pCa . Bars give s.e.m. There was no significant 
difference in forward swimming velocity at [Ca], between 10-8 and 10-2 M. C, Rate of swimming during photostimulation plotted against 
pCa as percentage of prestimulus control swimming rate. Control swimming rates for both forward and backward locomotion represent 
rates measured at 10- M [Ca] . Backward locomotion was normalised to the forward control swimming rate. Bars give s.e.m. Backward 
locomotion is plotted above, and forward locomotion below the dashed line. Control swimming rate was restored after cells were transferred 
from a 10-8 M Ca solution to the control solution, 107? M. 
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10-5 to 10— M Ca there appeared interrupted undulations of 
the flagella (b,, Fig. LA). In addition, the velocity of reversed 
swimming became progressively slowed. At 10-®M Ca the 
flagella of about 10% of the cells exhibited an oscillation 
in the focus plane which produced no net cell movemet 
(ba, Fig. 1A). At concentrations less than 10M Ca no 
reversed beating was observed in response to the stimulus 
(bs, Fig. 14) but there was a significant slowing of forward 
motion. 

The rate of swimming in response to photostimulation 


is plotted against pCa in Fig. 1C. The highest rate of backward : 


swimming recorded was in 10-2? M Ca solution. At 10-°M 
some cells swam backwards slowly while others swam forward. 
At less than Ca 10-*M backward swimming could not be 
evoked with photostimulation; swimming continued in the 
forward direction during photostimulation with the highest 
' observed rate at the lowest Ca concentration, 10-8 M. The 
effects of reduced Ca concentration on the response to photo- 
stimulation were reversed completely when cells were returned 
to the control solution. l 
The velocity of light-induced backward swimming was 
measured in the presence of agents known to block Ca influx in 
excitable membranes. Addition of 10-2 M Ba or 10-2 M Mg 
to the control solution resulted in a reduced velocity of back- 
ward swimming (Fig. 2). The’ effect was fully reversible. In 
addition, the organic Ca-blocking compound D-600 (a-iso- 
propyl-a-a- [(-methyl-N-homoveratryl)-y-aminopropyl]-3,4,5- 
trimethoxyphenylacetonitrile)’ inhibited backward swimming 
at 10 M or greater (Fig. 2). In contrast to Ba and Mg, how- 
ever, the inhibition caused by this drug was irreversible. 
Procaine, a local anaesthetic which reversibly blocks membrane 
excitability" and is reported to be a competitor of Ca in the 
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Fig. 2 Effect of several ‘agents on backward swimming velocity 
in the presence of 10—°|M Ca. Percentage of swimming rate in 
control solution is plotted against concentration of each agent. 
Bars give s.e.m. Procaine concentrations were maintained at-a 
constant 20 mosM with pentaerythritol. Ba, Mg and procaine 
inhibition was fully reversed by return to control solution. 
@, Pentaerythritol; A, procaine; A, D-600; C], Ba?+ ; I, Ca?*; 
i hexagon, Mg?t. $ 
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’ lobster axon!?, was found to block reversibly backward swim- 


ming at 10? M or greater (Fig. 2). 7 
Lanthanum, Ni, Co and Mn ions, which generally block Ca 
currents in other membranes!, have no effect on backward 
swimming at concentrations up to 1, 5, 50 and 80.mM respec- 
tively. At higher concentrations these cations were toxic. 
These agents also fail to block in Paramecium the Cà influx 
which mediates ciliary reversal4+51415, 

The results presented here indicate ‘that photostimulated 
flagellar reversal depends on extracellular Ca. The inhibition 
of the response by certain Ca-blocking agents such as D-600, 
procaine, Ba, and Mg, which are known to block Ca influx 
in other systems, suggests that photostimulation normally 
results in an influx of Ca through the cell membrane, producing 
a transient increase in [Ca];. The induction of reversed beating 
by Ca in the isolated basal body—flagellar apparatus? of Chlamy- 
domonas supports .this conclusion. Thus it seems that Ca2+ 
acts as the agent that couples flagellar /responses to photo- 
stimulation in flagellate. This is reminiscent of the role of cal- 
cium in coupling ciliary reversal to membrané stimulation in 
the ciliated protozoa. 

We thank Dr J. S. Hyams for providing the wall-less mutants 
of C. reinhardtii and Dr P. O’Lague for helpful discussion and 
critical reading of the manuscript. This work was supported by 
the NSF and USPHS. 
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Bioconversion of light energy into 
chemical energy through reduction 
with water of nitrate to ammonia 


PHOTOSYNTHESIS is first and foremost a process for converting 
the radiant energy of sunlight into physiological chemical 
energy, that is, reducing power and high energy phosphate 
bonds". Since, for historical and quantitative reasons, however, 
photosynthesis in a broad sense is commonly identified with 
the reduction of carbon dioxide to carbohydrate, the fact is 
often overlooked that photosynthetic organisms manufacture 
their most representative biomolecules—proteins and nucleic 
acids—not only from carbon dioxide, but also from other 
oxidised inorganic nutrient, especially nitrate, that, more or 
less directly, has to be reduced to ammonia by water before 
being incorporated into amino acids®*. It was first thought* 
that the reduction of nitrate in green cells was a process far 
removed from the light reactions of photosynthesis and that 
carbohydrates were the in vivo source of reducing power for 
nitrate reduction, but it now seems that, at least in blue-green 
algae®’, the photosynthetic reduction of nitrate is even more 
direct than that of carbon dioxide, since it does not depénd on 
adenosine triphosphate (ATP) and reduced nicotinamide 
adenine dinucleotide phosphate (NADPH), but only on reduced 
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Table 1 Photoreduction of nitrate to nitrite and ammonia coupled 
to oxygen evolution by particles of Anacystis nidulans 


Nitrite formed Ammonia formed Oxygen evolved 


System (umol) (umol) (umol) 
Complete 0.9 2.0 4.1 
—F 0.7 1.6 3.5 
—NO,- 0 0 0 
+CMU 0 0.2 —0.4 
Dark 0 0.2 —0.5 





The complete system included in a final volume of 3 ml: 150 pmol 
Tricine-KOH buffer, pH 8.0; 30 pmol MgCl,; 20 pmol KNO;; 
40 nmol A. nidulans ferredoxin (Fd); A. nidulans particles containing 
0.63 mg chlorophyll. Where. indicated, 0.3 umol of 3-(p-chloro- 
phenyl)-1-1-dimethylurea (CMU) was added. The reaction was carried 
out in air at 30°C ın Warburg vessels illuminated from below 
(20,000 Ix) or kept in the dark. Reaction time 90 min. Other analytical 
methods as previously described’. Particles were prepared as follows: 
cells grown on nitrate in the light, as described previously®, were 
collected in the exponential phase of growth, washed with 50 mM 
Tricine-KOH buffer, pH 8.0, 0.5M sucrose, 10mM MgCl, re- 
suspended in the same buffer and broken with a precooled French 
press at 16,000-18,000 pound inch-’. After digestion of the broken 
material with DNase and RNase for 10 min at 2 °C, the suspension 
was centrifuged at 3,000g for 10 min, the pellet discarded, and the 
supernatant centrifuged again at 40,000g for 20 min. The resulting 
sediment was washed once with the buffer, collected after centri- 
fugation at 40,000g for 30 min, and finally resuspended in the buffer. 
to be used as a preparation of particles. 


ferredoxin, the first electron acceptor from photosystem, I. 
Also the enzymes for the reduction of nitrate to ammonia are 
retained tightly bound by the pigment-containing particles from 
these prokaryotes. 

We report here the preparation of active and stable particles 
from the blue-green alga Anacystis nidulans, which, in the light 
and in aerobic conditions, can use water as the electron donor 
for the steady reduction of nitrate to nitrite and ammonia 
without the requirement of any exogenous enzyme system 
(Table 1). 

During the past 15 yr, the assimilatory nitrate-reducing 
system, its regulation and its relation to photosynthesis have 
been studied, using a great variety of organisms***. Our 
results, as well as those from other groups’®, have firmly 
established that the nitrate-reducing enzyme system consists of 
only two metalloproteins—nitrate reductase and nitrite 
reductase—which catalyse in series the reduction of nitrate to 
nitrite and ammonia, through an unexpectedly short sequence 
of reactions 


NO,- 22 NO,- te NH,* 


Both enzymes are ferredoxin-dependent in the photosynthetic 
prokaryotes, but only nitrite reductase has such a dependence 
in the photosynthetic eukaryotes, a group which includes algae 
and higher plants. Nitrate reductase from eukaryotes is an 
NAD(P)H-dependent enzyme complex. 

We have previously obtained isolated pigment-containing 
particles from A. nidulans that could carry out the ferredoxin- 
dependent photosynthetic reduction of nitrate and nitrite with 
the couple ascorbate—dichlorophenol indophenol as an artificial 
electron donor for photosystem I. The coupling of the process 
with the photolysis of water remained, however, an unsolved 
problem. There is also at the present time a direct interest in 
the photolysis of water by photosynthetic systems for fuel 
production, especially hydrogen gas, but these systems require 
auxiliary enzymes from other sources, and the removal of even 
traces of molecular oxygen is an absolute requisite’. Biological 
photofixation of nitrogen is also an anaerobic process but with 
high ATP requirements and its coupling with water photolysis 
will be even more difficult to accomplish (compare ref. 12). 

In the system described here the electrons derived from the 
photolysis of water at photosystem II :are transported to 
photosystem I and used for the stepwise reduction of nitrate to 
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Fig. 1 Time course of oxygen evolution by Anacystis nidulans 
particles with either NADP* or NO,~ as ‘natural’ Hill reagents. 
The reaction was carried out at 30 °C in the chamber of an oxygen 
electrode, either in the light (40,0001x) or in the dark as 
indicated. Other experimental conditions were the same as in 
Table 1, except that a particulate preparation equivalent to 
0.31 mg chlorophyll was used and that 4 pmol of NADP+ were 
added as indicated in the corresponding system. 


ammonia by the ferredoxin-dependent nitrate-reducing system, 
oxygen being evolved in stoichiometric amounts, according to 
the equations 


NO, ~-++H,0 — NO,-+40,+H,0' 
NO,~-++3H,0-+-2H+—> NH,*+30,-+2H,0 
NO, +4H:0 + 2H* -> NH,*+20,-3H,0 


It can be seen in the table that the reaction depended on nitrate, 
was slightly stimulated by ferredoxin, and did not proceed in the 
dark or when an inhibitor of the photolysis of water was 
added. In the conditions of the experiment, the activity of the 
system was linear for at least 90 min. The small O, uptake in 
the presence of the inhibitor or in the dark might be related 
to the presence of an endogenous reducing material in the 
preparation. 

Gerhardt and Trebst!*? have reported the ferredoxin- 
dependent non-cyclic photophosphorylation céupled to NADP+ 
reduction and oxygen evolution by A. nidulans preparations 
obtained by vacuum drying. NADP+ photoreduction by 
ferredoxin-NADP reductase and nitrate photoreduction by the 
ferredoxin-nitrate-reducing system are thus similar reactions. 
As Fig. 1 shows, our A. nidulans particles exhibited the same 
photosynthetic activities with either NADP* or nitrate as 
‘natural’ Hill reagents". Particles stored for 1 dat 2 °C remained 
fully active with respect to its nitrate-dependent, oxygen- 
evolving capacity, except for the ferredoxin requirement, that 
stimulated activity twofold after several hours and threefold 
after 24h. Cell-free preparations from another blue-green 
alga—the N,-fixer Nostoc muscorum—behave in a similar way 
(unpublished work from this laboratory). 


Fig. 2 Diagrammatic representation of the ferredoxin-dependent 
photosynthetic reduction of nitrate to ammonia with water as 
the electron donor by blue-green algae particles. Fd, Ferredoxin. 
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In summary, subcellular preparations of blue-green algae 
can utilise the photochemically-generated reducing power 
c@ming from water for the direct reduction of nitrate to 
ammonia. The process can be considered as one of the most 
simple and relevant examples of photosynthesis. According to 
present knowledge, the ferredoxin-dependent photosynthetic 
reduction of nitrate and nitrite is shown in Fig. 2. Since 16 
quanta of light, are required to transfer 8 electrons from water 
to completely reduce one nitrate, the efficiency of the process 
(disregarding coupled photophosphorylation) is about 13%. 
Besides its biochemical and chemical interest, ammonia is an 
excellent fuel and can also be regarded as a portable source of 
hydrogen’, 
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Cell differentiation without morphogenesis 
in Dictyostelium discoideum 


To,.understand pattern formation in an organism one needs to 
know what factors control the differentiation of each cell type 
and what elements are responsible for the spatial arrangement 
of these cell types. In the cellular slime mould Dictyostelium 
discoideum, the problem is relatively simple since the mature 
fruiting body consists of two basic cell types—stalk cells and 
spores. The stalk cells of the mature fruiting body are derived 
from the anterior cells of the multicellular masses formed by 
aggregation, whereas the spores are derived from the posterior 
cells’, Cells that are plated at a density too low for aggregation, 
or are allowed to aggregate under water do not normally 
differentiate into stalk or spore cells, In many of our experiments 
we have made use of the fact that cells plated on agar at any 
density fail to undergo development beyond the stage of aggre- 
gation if they are covered by a thin layer of Cellophane. In this 
paper we present observations on cell differentiation which 
derive from the original report of Bonner? of stalk-cell induction 
by cyclic AMP in isolated cells. We have found that stalk-cell 
induction by cyclic AMP is markedly dependent on cell density, 
and present evidence for the involvement of a low molecular 
weight diffusible factor in this process. We also describe the 
isolation of a mutant which gives rise to spore cells under 
cellophane. ` 

Bonner? reported that a proportion of amoebae of strain 
NC4 developed into large vacuolated stalk-like cells when 
plated on agar containing 1 mM cyclic AMP at cell densities 
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Fig. 1 Effect of cell density on stalk-cell induction by cyclic 
AMP. Cells were grown for 18-24 h with K. aerogenes on SM 
agar at 22 °C. They were collected and washed three times in 1% 
Bonner’s salts and then spread at various cell densities on non- 
nutrient stalk-cell agar plates with or without cyclic AMP. The 
stalk-cell plates contained 1% Difco Bacto agar in 1% Bonner’s 
salts, 100 ug ml— streptomycin sulphate, 25 ug ml-t Calcofluor 
-White ‘New M2R’ (Cyanamid, ) with or without cyclic 
AMP; a total volume of 2.0 ml in a 5-cm plastic Petri dish. The 
plates were incubated in moist, dark conditions for 2-3 d and then 
examined by phase and fluorescence microscopy. Independent 
experiments are shown by different symbols. Cyclic AMP con- 
centration was 1 mM in all experiments except one at the highest 
cell densities (JJ) when it was increased to 5mM to prevent 
fruiting and ensure efficient-stalk cell induction. All control 
plates had less than one stalk-cell in 200 cells examined. 


that were too low to allow aggregation in controls without 
cyclic AMP. This observation was extended by Chia? who 
showed that when cells of P4 (a ‘stalky’ mutant of strain NC4) 
were plated at high density on a Cellophane support over a 
reservoir of 1 mM cyclic AMP, they collected into mounds in 
which all the cells differentiated into stalk cells. Cells of the 
parent strain NC4 collected into similar mounds, but only a 
proportion of them differentiated into stalk cells. In conditions 
similar to those of Bonner? (described in Fig. 1) we found that 
strains NC4, NC4/P4 and NC4/Ax-2 differentiate at a relatively 
low frequency, whereas strain V-12 M2 formed almost 100% 
stalk cells. Thus when cells were spread at a denstiy of 10° 
cells cm~? on agar containing 5mM cyclic AMP, the stalk- 
cell induction frequencies in strains V-12 M2, NC4, P4 and 
Ax-2 were 93, 4, 10 and 2%, respectively. At a density of 104 
cells cm~? and on 1 mM cyclic AMP, V-12 M2 produced 
24% stalk cells, whereas the other three strains did not produce 
any. No stalk cells were observed in controls in the absence of 
cyclic AMP at 104 ceils cm~? or in controls at 10° cells cm~? 
where the cells were overlain with Cellophane to prevent fruiting. 

We have examined stalk-cell induction in strain V-12 M2 
over a range of cell densities from 80 to 10° cells cm~? (a 
density at which aggregation occurs on the control plates but 
not on those containing 1-5 mM cyclic AMP). The results are 
shown in Fig. 1. At cell densities greater than 4 x 10‘ cells cm~, 
almost all of the initially vegetative amoebae were transformed 
in 2-3 d into stalk-like cells, as judged by their morphology 
under phase-contrast and in electron micrographs, as well as 
by their staining with the cellulose-specific indicator calcofluor’. 
The frequency of stalk-cell induction decreased quite rapidly 
as cell density was reduced, reaching a basal level of approxi- 
mately 3% below 500 cells cm~?. At high cell densities, a 
considerable proportion of the initially separate cells were 
present in small clumps after 2-3 d incubation and this 
proportion declined as cell density was lowered. 

At cell densities between 5x10? and 2x10‘ cells cm7~?, 
70-100% of the cells in small clumps became stalk cells, 
whereas only 30% of the single cells on the same plates were 
induced. This latter figure is in turn much higher than the value 
of 3% observed at very low density (Fig. 1). It therefore seems 
that cyclic AMP can induce differentiation of isolated amoebae 
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Table 1 Enhancement of stalk-cell differentiation in isolated cells 
by a diffusible factor from cells differentiating at high density 
DEO N e a aasal 


Tester cell density % Stalk-cell differentiation 
(no. of determinations) 


Tester cells plus 


Tester cells alone high density helper 
ce 
Control Cyclic AMP Control Cyclic AMP 
10° cells cm~? (3) 1.3 4.3 0 80.0 
2x10? cells cm~? (2) 0 1.3 0 39.6 


5x 10° cells cm~? (1) 0 4.5 0 79.6 

Cells were prepared and spread on 1% agar containing 1% 
Bonner’s salts with or without 5mM cyclic AMP as described in 
Fig. 1. The first layer of cells was overlaid with Cellophane and, where 
appropriate, a second layer of cells. In some experiments buffer 
(5mM MES, pH 6.0) was included in the agar to exclude the pos- 
sibility of a pH artefact. This buffer has no effect on the induction 
process. After 2-3 d, a coverslip was placed on the upper layer of cells 
and the dishes examined by phase contrast microscopy. Stalk cells 
were identified by their vacuolated morphology, the remaining cells 
appearing amoeboid. Induction in the high density population was 
essentially 100% in all cases. Cellophane 325P (British Cellophane) 
was prepared by boiling in 1 mM EDTA for 15 min followed by 
extensive washing in distilled water. It was impermeable to Dextran 
blue G00). (molecular weight 2 x 10°) and to inulin (molecular weight 
~ 5, A 


into stalk cells, but that the efficiency of conversion is greatly 
enhanced by some kind of cell interaction. 

The density dependence of stalk-cell induction and the 
enhanced conversion of single cells at high density could be 
interpreted in terms of a diffusible inducer or of a process of 
contact-dependent induction. To distinguish between these 
possibilities, we asked whether cells undergoing stalk cell 
differentiation at high density could enhance the frequency of 
stalk-cell formation in a low density population separated 
from them by a Cellophane membrane. Similar tests ofsynergism 
have been used by other workers®:*. The results are shown in 


Differentiated cell type (%) 





Cell density (cells cm7?) 


Fig. 2 Formation of stalk and spore cells by mutant sci-/ under 
Cellophane. Sci-1 cells were collected from growth plates in 
KK, buffer (165mM KH,PO,, 3.8mM K,HPO,, 2mM 
MgSO,, pH ~ 6.2) with 60mM KCI added and pelleted at 
200g for 5 min. After three further washes in KK, and one in 
1% Bonner’s salts solution, the cells were spread at the stated 
densities on 2 ml 1.5% agar (Oxoid L28) containing 1% Bonner’s 
salts, 250 ug ml—* streptomycin with or without 5 mM cyclic 
AMBP, in a 5-cm diameter Petri dish. Cellophane was then placed 
over the cells and after 2-4 d incubation at 22 °C, stalk and spore 
cells were scored microscopically. At least 200 cells were scored 
on each plate and the results given are the average of five 
separate experiments. Two‘of;these experiments were carried out 
on the original isolate of the mutant and three on clone 5 derived 
from it. W, Spore+cyclic AMP; @, stalk+cyclic AMP; 0, 
spore, no cyclic AMP; O, stalk, no cyclic AMP. 
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Table 1. The low density populations alone had an induction 
frequency of 0-5%, whereas the same cells plated over a dense 
layer of ‘helper’ cells gave a frequency of 40-80 %. In simiħr 
experiments we have found that V-12 M2 ‘helper’ cells also 
increase the efficiency of stalk-cell induction in strain NC4 and 
its derivatives. These results suggest that cells undergoing stalk- 
cell differentiation at high density secrete a dialysable factor 
which is capable of enhancing cyclic AMP-induced differentia- 
tion in isolated cells. It is still possible that actual cell contact 
is required for the synthesis of this factor by the ‘helper’ cells. 

We have isolated a number of developmentally defective 
mutants of V-12 M2 after nitrosoguanidine or ethylmethane- 
sulphonate mutagenesis and have screened them for stalk-cell 
inducibility by cyclic AMP. Only two out of seven totally 
agegregation-defective mutants were inducible. On the other 
hand, 14 out of 15 mutants which aggregated but either failed 
to develop further, or gave aberrant or delayed fruits, were 
inducible by cyclic AMP. This result suggests that certain events 
involved in the attainment of aggregation competence are 
essential for stalk-cell induction. 
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Table 2 Enhancement of differentiation of sci-1 at low density by 
high density wild-type or sci-J cells 


Cell density and genotype ° Differentiated 
cell type observed 
Above Below Above Below 
Cellophane Cellophane Cellophane Cellophane 
Stalk Spore Stalk Spore 
5x10? cm~? None 43: 04 — — 
mutant 
5x10%cm-? 2.5x105 cm~? 43.3 8.1 39.5 12.6 
mutant mutant 
5x10°cm-? 2.5x106 cm7? 27.0 8.9 79.3 0 
mutant wild type 


ee eee 


Cells of the mutant (sci-I, clone 5) and wild type were collected as 
described in Fig. 2. Cells of either type were plated at high density 
directly on to agar (2ml 1.5% agar containing 1% Bonner’s salt 
solution, 5mM cyclic AMP, 250 ug ml streptomycin in a 5-cm 
diameter dish). Cellophane (325P) was placed on top and a low 
density of sci-1 cells spread on it. In control plates the high density 
cells were omitted. After 2-4 d at 22 °C a coverslip was placed on the 
upper layer of cells and the cells scored above amd below the Cello- 
phane. Results are means of three experiments. 


Because stalk cells are non-viable’? and our induction pro- 
cedure is efficient, we have been able to use the cyclic AMP 
induction procedure to enrich for resistant mutants in a 
mutagen-treated population. These experiments were carried 
out using an acriflavine-resistant mutant of V-12 M2 which 
gives reasonably compact plaques when plated with Klebsiella 
aerogenes on medium containing acriflavine. The majority of 
the non-inducible mutants isolated by this procedure show 
aberrant development, most being aggregation defective. . 
During the screening of colonies surviving the selection pro- 
cedure, we encountered one unusual mutant (sci-1) in which 
cyclic AMP induced the formation of spores—identified by 
their morphology and survival after exposure to heat® or 
detergent (R. R. Kay, unpublished and ref.9). Figure 2 shows 
the pattern of differentiation of cells of sci-J at various densities 
under Cellophane in the presence and absence of cyclic AMP. 
In the presence of cyclic AMP the mutant formed both stalk 
cells and spores. The formation of both was density dependent; 
however, stalk-cell differentiation was relatively more efficient 
at low density and was reduced at high density. In the absence 
of cyclic AMP, few spores were produced at any density, 
whereas the frequency of stalk-cell differentiation reached a 
maximum at 5x 10! cells cm~? and then declined. The mutant 
cells incubated at low density in the presence of 5 mM cyclic 
AMP could be induced to differentiate into both stalk and spore 
cells by a high density of either sci-1 or wild-type V-12 M2 cells 
(Table 2). . 

In normal developmental conditions the mutant produces 
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pyramidal fruits, sometimes with a bulbous tip, composed of 
jumbled patches of stalk and spore cells. Similarities between 
t@e fruit of sci-/ and the mutant Fr/7 previously isolated by 
Sonnenborn ez al." prompted us to examine the behaviour 
of Fr/7 under Cellophane. Vegetative cells of Fr/7 at low density 
(5 x 10° cells cm~?) placed under Cellophane produced less than 
1% stalk or spore cells, with or without cyclic AMP. At high 
cell densities (5 x 10° cells cm~*), however, it produced 60-70 % 
spores and 1-10% stalk cells in the presence or absence of cyclic 
AMP. 

We are at present attempting to purify the putative factor(s) 
that enhances stalk-cell induction by cyclic AMP. The factor 
seems to be stable since cell-free medium collected after stalk- 
cell induction in dense cells increases the yield of stalk cells in 
low density populations. Knowledge of the identity of the factor(s) 
should be helpful in elucidating its role (if any) in normal 
development, and will also enable us to test whether the same 
factor is implicated in the density-dependent differentiation of 
stalk cells and spores in mutants sci-/ and Fr/7. In any event 
the use of a Cellophane overlay to examine cell differentiation 
in the absence of normal morphogenesis should facilitate further 
analysis of the interplay of elements responsible for pattern 
formation in D. discoideum. 

We thank Eileen Stanford and Jennifer Trent for assistance. 
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Somatic hybridisation of 
Penicillium roquefortii with P. 
chrysogenum after protoplast fusion 


Fusion of fungal protoplasts after treatment with polyethylene 
glycol (PEG) has been described as a new technique for intra- 
specific heterokaryon formation at high frequency’, We now 
report the formation of interspecific somatic hybrids between 
Penicillium roquefortii and P. chrysogenum by PEG-induced 
fusion of their protoplasts. 


Table 1 


P. roquefortii auxotrophs* 
lys prolarg whi 


met/cys/glu/val 1.60 1.25 
met 0.45 0.30 
trp 0.31 0.03 


leu met/cys ylo 
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Stable auxotrophic mutants of P. roquefortii ( University of 
Nottingham Collection) and P. chrysogenum Wis. 49-2105 were 
obtained after treatment with N-methyl-N’-nitro-N-nitro- 
soguanidine*. Symbols designating the requirements of the 
mutant strains and the mutant spore colour are as follows: 
met/cys/glu/val (methionine or cysteine or glutamine or valine); 
met (methionine); trp (tryptophan); /ys (lysine); arg (arginine); 
leu (leucine); Iys pro/arg (lysine and proline or lysine and 
arginine); leu met/cys (leucine and methionine or leucine and 
cysteine); whi (white spore colour); y/o (yellow spore colour). 
Strains were maintained and allowed to sporulate on a complete 
medium (CM)*. Mycelium for protoplast formation was grown 
in a production medium (PM), consisting of inorganic minimal 
medium (MM)* supplemented with 0.2% Difco yeast extract 
and the requirements of the auxotrophs. Protoplasts were 
produced as described previously® and fusion was carried out 
as for intraspecific protoplast fusion'*. Suitable dilutions were 
plated on to hypertonic MM to select fused protoplasts of 
nutritionally complementary strains. Surviving protoplasts 
were counted on hypertonic PM. 

After PEG treatment of a mixture of complementing P. 
roquefortii and P. chrysogenum protoplasts, small prototrophic 
colonies developed on MM. No growth was observed on MM 
when protoplasts of the two strains were mixed without PEG 
or when they were treated separately with PEG and then mixed. 
Spores could not be fused and did not germinate on MM in any 
of the conditions tried. These results indicated that the pro- 
totrophic colonies arose from balanced fused protoplasts of 
P. roquefortii and P. chrysogenum and that they were not the 
result of back mutation or cross feeding between unfused 
protoplasts. Fusion frequency was 0.03-3.4°% (Table 1). These 
yields were similar to those obtained for PEG-induced intra- 
specific protoplast fusion’*. Pure lines of interspecific hybrids 
were established by repeated cloning of single protoplasts 
produced from mycelium grown in MM shake cultures inocu- 
lated with prototrophic mycelial fragments. After plating on 
MM, single protoplasts reverted to prototrophic colonies and 
this procedure could be repeated indefinitely. 

The colonies of the interspecific hybrids were morphologically 
different from the parental strains and they could be classified 
into three main types (Fig. 1). On MM, type 1 colonies were 
slowly growing with limited hyphal branching and failed to 
sporulate. On CM, on PM or on MM supplemented with the 
requirements of either one of the parental strains, they grew 
faster and produced parental auxotrophic P. roquefortii spores. 
P. chrysogenum spores, however, were never observed. Type 1 
colonies predominated in the first culture after fusion treatment 
and when protoplasts were prepared from 6-d-old MM cultures 
of type 1 mycelial fragments. On the other hand. when type | 
mycelium was incubated for 10-12 d, more protoplasts developed 
into type 2 colonies, consisting of a loosely meshed network of 
broadly spreading hyphae. Like type | colonies, they did not 
sporulate on MM, and they produced only P. roquefortii 
auxotrophic spores on CM or PM. Protoplasts from type 2 
mycelium reverted to type 2 colonies, irrespective of the age 


Percentage of fusion between protoplasts of P. roquefortii and P. chrysegenum complementing auxotrophs 


P. chrysogenum auxotrophs* 


lys leu arg 
2.00 0.80 0.60 
NT NT NT 


y j 0.24 3.40 0.18 
NT, Not tested. 


washes in 0.8 M NaCl. Protoplasts were plated on to MM and PM to determine percentage of fusion. 
*About 10% of the protoplasts regenerated on PM after fusion treatment’, 
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Fig. 1 Different types of colonies after reversion of protoplasts 
of P. roquefortii met/cys/glu/val, P. chrysogenum lys profarg whi 
and their interspecific somatic hybrids. a, Type | colonies on 
MM; b, type 2 colonies on MM; ¢, sporulating type | colonies 
on MM supplemented with methionine; d, type 3 colonies spo- 
rulating on MM; e, parental P. roquefortii met/cys/glu/val on 
MM supplemented with methionine; f, parental P. chrysogenum 
lys prolarg whi on MM supplemented with lysine and proline. 


of the mycelium. Colonies with compact mycelium and conidio- 
phores branched similarly to P. chrysogenum were designated 
type 3. They appeared, usually less than 0.1% of the total, 
among type | and type 2 colonies after reversion of protoplasts 
from type | or type 2 mycelium. Type 3 colonies sporulated 
even on MM and released greenish-white prototrophic spores 
with a larger diameter than those of the parental strains (Table 
2). Single spore isolates and protoplasts again developed into 
type 3 colonies. Occasionally, the latter colonies showed 
sectors of P. roquefortii spores. 

The ability of type 1 and type 2 mycelia to release parental P. 
roquefortii spores showed that P. roquefortii nuclei were present 
in the interspecific mycelium. On the other hand, the prototrophy 
as well as the ability of type | and type 2 mycelium to revert to 
P. chrysogenum-like type 3 colonies indicated that at least part 
of the P. chrysogenum genome was present. Further evidence 
for this was obtained from studies of penicillin production by 
the interspecific progeny (Table 2). When grown in a rich 
fermentation medium? or in the medium of Jarvis and Johnson’ 
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(JJ), mycelium of all colony types produced antibiotic sub- 
stances, which were inhibitory to Sarcina lutea ATCC 9341 and 
to a penicillin-sensitive Staphylococcus aureus ATCC 6558eP, 
but not to a penicillin-resistant Staphylococcus. The antibiotic 
activity disappeared on treatment with penicillinase. Paper 
chromatography and gas-liquid chromatography® showed that 
the antibiotics were a mixture of benzyl penicillin, n-amyl 
penicillin and 2-pentenyl penicillin. When grown in a suitable 
medium®, the parental P. chrysogenum lys pro/arg whi produced 
a similar mixture of penicillins. But growth of this strain, either 
alone or cocultivated with P. roquefortii, was completely 
inhibited by the ammonium lactate and ammonium acetate in 
JJ medium. In contrast, the interspecific hybrids and P. roque- 


fortii grew well in JJ medium, but neither the P. roquefortii 


culture filtrates nor mycelial extracts contained any antibiotic 
substance when assayed against S. /utea or St. aureus. Thus it 
seems unlikely that the penicillins in the cultures of the inter- 
specific mycelium were produced by segregated parental P. 
chrysogenum. Moreover, the latter was never re-isolated. 

Although conclusive evidence is lacking, several observations 
indicated that mycelium from type 1 and type 2 colonies was 
heterokaryotic, whereas type 3 mycelium might be diploid. Type 
1 and type 2 colonies were prototrophic and produced peni- 
cillins, but released parental P. roquefortii spores. Moreover, 
growth and sporulation were stimulated by addition of the 
amino acids required by either of the parental strains (Table 2), 
indicating that the nuclei of both complementing strains were 
still present. Type 3 colonies produced penicillins and formed 
prototrophic spores with a larger diameter. Furthermore, they 
sometimes showed sectors of haploid P. roquefortii segregants. 
Those characteristics obviously suggest diploidy. It is, however, 
still unclear why only P. roquefortii and not P. chrysogenum 
could be re-isolated. P. roquefortii might be dominant over P. 
chrysogenum for certain alleles and could have repressed the 
formation of P. chrysogenum spores. On the other hand, it 
cannot be excluded that P. chrysogenum should have lost 
chromosomal material. Loss of chromosomes is a common 
phenomenon after somatic fusion of mammalian cells?®*2, 

The present studies demonstrate that somatic hybrids of 
related species of Penicillium can be produced by PEG-induced 
fusion of their protoplasts. Whether it will be possible to obtain 
viable hybrids of less related species is under fhvestigation. 

We thank P. Adriaens and B. Meesschaert for chromato- 
graphic determination, Dr J. F. Peberdy for discussion and 
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Table 2 Properties of P. roquefortii met/cys/glulval; P. chrysogenum lys pro/arg whi and their interspecific somatic hybrids 





P. roquefortii 
met/cys/glu/val 


P. chrysogenum 
lys projarg whi 





Supposed diploid 
of met/cys/glu/val 
+ lys pro/arg whi 


Interspecific heterokaryon 
of met/cys/glu/val+- lys 
proļarg whi (type 1 colonies) 


Spores 
Colour Bright green White Dark green* Greenish-white 
Size (pm) 3.35+0.50 3.67 +0.62 3.44+.0.44* 4.96+0.31 
Auxotrophy Methionine or cysteine Lysine and proline or Methionine or cysteine Prototrophic 


or glutamine or valine 
Colony morphology 
Type Loose 
Diameter (mm) after 8 d (27 °C) in: 
MM No growth 
MM, supplemented 
with methionine 8.0 
MM, supplemented 
with lysine and proline 
—or lysine and arginine No growth 9.0 
MM, supplemented 
with leucine and 


alanine i No growth No growth 
Penicillin production (as pg benzyl penicillin per ml) in: 
Rich fermentation 
medium 0 32.0 
JJ 0 No growth 


lysine and arginine 
Very compact 
No growth 


No growth 


or glutamine or valine 


Intermediate compact Very compact 


3.78 +0.86 7.70+1.70 
5.31 +0.86 7.60 +-1.0 
5.96+1.71 7.50+1.4 
4.24 4+-1.40 NT 
1.8 +0.1F 
0.30 +0.1t 


a 


*On MM, supplemented with methionine or with lysine and proline; no spores were formed on unsupplemented MM. 


tPenicillins were partly inactivated by alkalinisation of the medium. 
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Molecular imaging of dislocations 


in 16 chlorocopper phthalocyanine 


DISLOCATIONS in molecular crystals are well known, but have 
been studied on the microscale chiefly with a view to establishing 
their role in phase changes or topotactic transformations?. 
Here, the positions of individual molecules can be identified, 
and, in so far as 16 chlorocopper phthalocyanine is a typical 
molecular crystal, the results are important for concepts of dis- 
locations and intercrystalline boundaries in such crystals. 








Fig. 1 Perfect crystal of 16 chlorocopper phthalocyanine lying 
on (001) face. 


Figure 1 shows an area of a perfect crystal and illustrates 
some facets of the electron microscopy used for imaging. First, 
the crystalline film was prepared epitaxially on KCI at 200°C 
at a maximum thickness < 20 nm. The film was then supported 
on a dimpled micromesh specimen grid—dimpled to provide a 
varied orientation of the specimen film, rather than using a 
tilting stage, with its commensurately poorer resolution. The 
film was lying on the (001) face and as Fig. 2 shows, the specimen 
had to be tilted, so that the columns of molecules are parallel to 
the electron beam*. This material, like all molecular crystals, is 
very sensitive to electron radiation damage, so exposure to the 
electron beam must be minimised. Ilford Industrial G X-ray film 
was used to record the image, with a very short exposure time. 

With this specimen thickness and for this material in this 
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Incident electron beam 





Fig. 2 Projection of molecular stacking along b axis showing 

required specimen tilt for molecular imaging, and geometry of 

unit cell. (Space group C2/c) @, Copper atom at corners; O, 
copper atom at face centre. 


orientation, dynamical imaging effects should be absent and 
computed images**, allowing for instabilities of lens constants 
and for partial coherence, showed that 80 nm was the optimum 
defocus position. Also, for this size of molecule rapid oscilla- 
tions of the phase contrast transfer functions do not occur within 
20 nm of the optimum defocus position, so there should not be 
significant contrast change within the thickness of the film. In 
the light of present knowledge of electron optical imaging, 
therefore, we believe that the images represent the structure of 
the specimen. 

Many dislocations were observed, but since the crystallite size 
was small (< 2,000 nm?) the internal dislocation density was 
small and was not statistically significant compared with the 
extent of grain boundaries. Dislocations of all types were 
present and examples of each will be discussed. 

Figure 3 shows a dislocation A-B which, at first sight, 
suggests a tilt or twin system, but since the contrast on either 
side of A-B is similar, the vertical orientation of the columns of 
molecules on either side must be similar; a screw dislocation of 


vector 5 <110> would explain the image. There is a contrast 


change at B that could be ascribed tentatively to the interaction 
of this screw dislocation with the strain field of a mainly edge 


Fig.3 Imperfect region of crystal showing line dislocations and 
boundaries. 
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Fig. 4 a, Imperfect region of crystal showing column vacancies and 
other dislocations. b, Crystal boundaries showing distortion of 
peripheral molecular stacking, to reduce the boundary strain 
energy. 


dislocation situated at C, but the presence of the boundary, 
DE, prevents more accurate identification. DE may be described 
as a grain boundary in spite of the close geometric relationship 
across the boundary which is a feature of these crystals. 

Figure 4a shows a region of distortion with an apparent 
vacancy at X. This corresponds to the absence of a column of 
molecules, since even half a column would still have significant 
contrast in spite of its different defocus position. To the right of 
the vacancy, there is some tilting of the crystal as shown by the 
absence of images of discrete molecular columns, but a clear 
boundary between the two regions of the crystal cannot be 
determined. Individual dislocations—for example, in region Z— 
can be distinguished, but they are notable for both their small 
cores and small strain fields, although the dislocations may be 
affected by the presence of the boundary. Similar accommoda- 
tion of distortion is also shown for the grain boundaries in 
Fig. 4b. 

It is this lack of definition of boundaries and high distortion 
that is unexpected in these micrographs. We had anticipated that 
crystallites would be isolated entities, and that there would be a 
well defined strain field around each dislocation and internal 
boundary. In fact, neither is evident; the grain boundaries are 
not clearly defined, and there has been considerable molecular 
mobility at boundaries to reduce strain, The accommodation of 
considerable distortion in these crystals therefore suggests that 
molecular orientation is not sharply defined in these molecules 
and their effective radii can vary considerably. This is important 
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for the concept of minimum-energy boundaries and implies that 
polycrystalline aggregates have a more intimate relationship 
than has hitherto been thought. . 
We are grateful to the SRC for provision of equipment, and 
also a maintenance grant (to Y.M.). 
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Chemistry Department, 
University of Glasgow, 
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Models for the bacterial 
iron-transport chelate enterochelin 


MICROBIAL iron-transport compounds, or siderochromes are of 
two general structural types, the phenolates and the hydroxa- 
mates!?, X-ray studies of several of the latter, for example, 
ferrichrome A (ref. 3), ferrioxamine E (ref. 4) and myco- 
bactin P (ref. 5), establish the anion of hydroxamic acid 
(-N(O-)CO-) as the dominant metal-binding moiety, with 
discrete, neutral [FeO] (refs 3 and 4) or [FeO,N] (ref. 5) units 
being involved. No similar structural data are at present 
available, however, for any member of the phenolate class and 
there is some ambiguity about the metal-binding sites. This is 
demonstrated for the most widely studied member of the 
group, enterochelin (or enterobactin), in Fig. 1. Both modes of 
attachment have parallels in the well known colour reactions 
of iron(II1) with phenols, polyphenols and catechols and in the 
strong coordination of deprotonated amide nRrogen in simple 
peptide complexes of the transition elements’. Furthermore, 
molecular models (Drieding or CPK) of iron (IIL) enterochelin 
can readily be constructed with either bonding combination. 
Here we report our studies of two catechol ( 1,2-dihydroxy- 
benzene) complexes containing the coordination type given by 
Fig. la and compare some of their properties with those of 
iron(I11)-enterochelin (part of this work was presented in 
ref. 8). 

Following Selles’, two complexes were crystallised from 
ethanol or ethanol-water mixtures containing ferric acetate, 
catechol and piperidine. Conditions of low base yielded deep 
purple crystals, whereas excess piperidine resulted in burgundy- 
red crystals. X-ray data for both compounds were recorded 
with graphite-monochromated CuK@ radiation (à = 1.5418 A), 
using a Picker-FACS I four-circle diffractometer and a 
6-20 scan technique. 

Crystals of the purple racemic piperidinium pt-acetato-di-p-1, 
2-benzenediolato-bis-1,2-benzenediolatoferrate(II]), (Cs5Hi2N)s 
[((CH,COO){ Fe(C,H,O,),}.) are tetragonal, space group P4, 
with a = b = 27.593(3), c = 12.234(2) A, Z = 8, Dm = 1.23, 
D. = 1.227 g cm™, The crystals showed a rapid decrease in 
reflection intensity with increasing scattering angle 
and only 2,467 unique reflections of some 16,000 collected had 
intensities greater than 3o(/). The structure was solved by 
Patterson and Fourier techniques, and refined by large-block 
least-squares methods, giving R = 0.092. At the present stage 
of refinement, hydrogen atoms have not been included in the 
scattering model and although the correctness of the structure 
is not in doubt, the precision of the final result will be limited 
by the unfavourable data—parameter ratio and by the apparent 
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disordering of one piperidinium cation. Two  crystallo- 
graphically distinct dimeric units of similar structure are 
pygsent in the asymmetric unit together with piperidinium 
cations. As Fig. 2a shows, the two [FeO,] octahedra share a 
common edge using oxygens of two catechol dianions and 
adjacent apical coordination sites are bridged by an acetate ion. 
Each octahedron contains one bidentate catechol moiety which 
is not involved in bridging the metal atoms. The Fe-O bond 
lengths are in the range 1.94-2.08 A, the O-Fe-O chelate ring 
angles are in the range 82.5-85.1°, with no apparent distinction 
between terminal and bridging chelates at the present stage of 
refinement, and the mean Fe-Fe distance is 3.15 A for the two 
discrete dimer units. With the acetate considered to occupy the 
apical positions, the interplanar angle for the two basal planes 
is 150°. One piperidinium cation forms two intramolecular 
hydrogen bonds, whereas the other two cations bridge neigh- 
bouring 4-related anions. The overall structure can be described 
as rosettes of associated cations and anions, each containing 
four dimeric units arranged about the crystallographic 4 centres. 

The burgundy-red crystals of the high base form have the 
composition (CsH,,N),[Fe(C,H,O,),]‘H,O and belong to the 
monoclinic space group C2/c with a = 22.887(4), b = 11.747(1), 
c = 23,9993) A, B = 118.191), Z=8, Dm = 1.29, D. = 
1.282 g cm~; 6,320 X-ray reflections were collected of which 
3,422 had 7> 3o(J). The coordinates of all non-hydrogen atoms 
were determined using the direct phasing programme 
MULTAN” followed by several cycles of structure factor/ 
difference Fourier calculations. Hydrogen atoms were posi- 
tioned by calculation (O-H not included) and anisotropic 


refinement by full matrix least-squares methods resulted in a ` 


conventional R value of 0.054. The structure contains the 
expected ‘propeller’ of three bidentate catechol dianions, pro- 
viding the octahedral coordination geometry [FeO,]*~ (Fig.2b). 
Fe-O bond lengths vary between 1.991 and 2.036(8) A, with a 
mean value of 2.020 Å. The O-Fe-O angles of the five- 
membered chelate rings, 81.1, 82.3 and 80.2(3)°, and the mean 
twist angle about the threefold axis, 46.4° (60° for a regular 
octahedron, 0° for a trigonal prism), reflect significant distor- 
tions from regular octahedral geometry. In the analogous 
potassium salt recently reported" the mean Fe-O bond length 
is 2,015(6) and the mean values of the O-Fe-O and twist angles 
are 81.26(7) and 44.7°, respectively. Considerably less distortion 
is found in the fris-catechol complexes of Cr(II) (83.56, 50.5°) 
(ref. 11), As(V) (88.2, 55.2°) (ref. 12) and P(V) (91.4, 54.9°) 
(ref. 13). 

A comparison of the spectroscopic and magnetic properties 
given in Table 1 suggests that the monomeric, but not the 
dimeric, iron(IT1)-catechol complex is an appropriate model for 
the coordination geometry in iron(II1)-enterochelin. Further- 
more, these data suggest a similar electronic environment for the 
monomer and iron(II1)-enterochelin. The ESR and Méssbauer 
data for the monomer are generally consistent with those 
reported for other iron-transport compounds but there are some 
differences in detail. Thus at 4.2K in small applied fields 
(~2 koersted) the Mossbauer spectrum of the solid monomer 
does not display the degree of fine structure exhibited by that of 
methanol solutions of iron(III)-enterochelin"*, The hyperfine 
field is also somewhat smaller in the monomer. Oosterhuis has 
recently given a detailed analysis of the ESR and Mössbauer 
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Fig. 1 Structure of enterochelin, the cyclic triester of 


2,3-dihydroxy-N-benzoyl-1-serine®, and two possible coordination 
geometries with iron(II). Coordination by way of the six 
catechol oxygens leads to a [FeO,]*~ unit containing three five- 
membered chelate rings (a), whereas coordination of a phenolate 
oxygen and a deprotonated amide nitrogen of each serine 
residue gives rise to a [FeO,N ,]°~ environment and six-membered 
chelate rings (b). Although the [FeO,]*~ coordination type has 
been proposed by several workers'*, it should be pointed out 
that all known phenolate siderochromes contain amide linkages 
to amino acids or amino acid fragments’. 


spectra of iron transport compounds in terms of a rhombically 
distorted electronic model", The crystal structure of the mono- 
mer certainly exhibits small variations in bond lengths and bond 
angles about the metal and in the pattern of hydrogen bonding 
to the phenolic oxygen atoms. The ESR spectrum for the dimer 
is complex showing transitions ranging from about g = 5 to 1, 
and the Méssbauer and magnetic susceptibility data are similar 
to those observed" for other exchange-coupled iron(IIT) dimers 
which normally have J values of the order of 10 cm~ (ref. 6). 
Also all three complexes liberate three equivalents of Na+ ion 
from Sephadex C-25 cation exchange resin from which they can 
be eluted with unchanged visible spectra. This apparent robust- 
ness in solution and in the solid state” together with the physical 
properties given in Table 1 strongly suggest a monomeric tris- 
catecholate coordination environment (Fig. la) for iron(IID- 
enterochelin. 


Table 1 Spectroscopic and magnetic properties of iron(III)-enterochelin and iron(III)-catechol complexes 


[Fe(IIl)-enterochelin]-* — [Fe(catechol)}*- [ (acetato) {Fe(catechol),} 3] ~ 
nm) (¢/Fe) 496(5,600) (ref. 6) 496(4,700) 570(3,400) 
alin + AOA coupling constant, koersted it spin) = bard A po Complex (see text)* 
> EN per unit spin > 
Magnetic susceptibilityt S= 4, S= $ S, = S, = 5/,§ 
= 10 cm~ 


* Data collected on frozen aqueous solutions at temperatures close to 77 K. 
t Data collected at 4.2 K (ref. 16). The hyperfine field was resolved in an applied field of 52 koersted parallel to the y-ray direction. 


t Data co from 300-4.2 K as described elsewhere, 
§ P. D. W. Boyd and R. L. Martin, unpublished data. 





Structure of one of the (C,;H,:N),[(CH3sCOO) 
{Fe(C,H,O,),} a] units. b, Structure of the molecular unit of 
(CsH,,N) s{Fe(C,H.O2) ]- H20, in which each phenolate oxygen 
is hydrogen-bonded to a C,H,,N cation or H,O molecule. 
In both figures N atoms are indicated by lined circles, O atoms 
by dotted circles, and hydrogen bonds by lines. Hydrogen bonds 
between molecular units in the crystals are not shown. 


2 a, 


We thank Professor F. Gibson and Drs I. G. Young and I. G. 
O’Brien for assistance in preparing enterochelin and for other 
helpful advice. Iron(II1)-enterochelin has been isolated from 
aqueous solution as the Ph,As* or Ph,MeP* salts. These com- 
pounds are very soluble in CHCl, CH,Cl, and acetone, and 
may be readily converted to other salts by titration with the 
appropriate perchlorate salt (T. Rauchfuss, unpublished). 
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Erratum 


In the article “Effect of phloridzin and phloroglucinol on 
apple shoots” by O. P. Jones (Nature, 262, 392; 1976) Figs 
1 and 2 have been transposed. The legends are correct as 
they stand. In Table 1 the column headed ‘Medium’ should 
read 


1—IAA 
1—IAA+ PZ 
1 

1+PZ 

1 

1+PZ 

1 

1+PG 


and not as printed. 


Nature Index and Binders 


The Index for 1975 is now available, price 
£2.25. Copies of the 1974 index are still on 
sale, price £3.00. Binders for the journal are also 
available at £7.00 for four (a year of Nature fits 


into four binders). 

Postage is included in the above prices. Orders 
should be sent, accompanied by remittance to 
Macmillan Journals Ltd, Brunel Road, Basing- 
stoke, Hampshire, England. 
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B-emission stars 
and X-ray sources 


In 1975, an hypothesis of the binary 
nature of B-emission (Be) stars was 
proposed’’*. Referring partly to this and 
to the observed association of some 
X-ray transients with Be stars, 
Maraschi et al.’ suggested that the 
classical Be stars, as the optical counter- 
parts of the X-ray transients, could be 
responsible for the X-ray bursts of 
these objects. We present here some 
arguments against this interpretation. 

Be stars are essentially normal, 
rapidly-rotating B stars situated (on 
average) about one magnitude above 
the main sequence in the Hertzsprung— 
Russell diagram. They are enclosed by 
an extended envelope producing emis- 
sion (and sometimes also sharp absorp- 
tion) lines in their spectra. The envelope 
lines usually exhibit several kinds of 
variability (for review see refs 1, 2): (1) 
long term profile and velocity varia- 
tions, including sometimes even 
complete disappearance and reappear- 
ance of the envelope lines within 
1-10 yr; (2) periodic velocity and pro- 
file variations with typical periods of 
10-100 d; (3) rapid profile variations 
taking place within several hours or 
minutes. The main idea of the binary 
hypothesis of the Be phenomenon is 
that the Be envelope is formed as an 
accretion disk enclosing the mass- 
gaining components of certain mass- 
exchanging systems and that the high 
rate of rotation of Be stars is induced 
by infalling matter. Periodic velocity 
and profile variations are interpreted as 
reflecting the orbital motion while the 
long term changes are understood as 
consequences of varying rate of mass 
transfer between components (similar 
to the Algol binaries). This view is 
supported by observational data. In 
every known case, the basic properties 
of the Be stars recognised as binaries 
agree well with the theoretical pre- 
dictions. 

Maraschi eft al.’ suggested that the 
X-ray transients represent some later 
evolutionary stage of the Be binaries 
after mass exchange. In other words, 
they implicitly assume that the Be 
envelope once formed is a long lived 
phenomenon lasting even after the 
original mass-losing component has 
evolved to a compact object. They 
then interpret the X-ray bursts as a 
consequence of occasional infalls of 


matter from the Be on to the compact 
component controlled by some (un- 
specified) rotational instability of the 
Be envelope. There is no observational 
evidence to support this view. The 
long term variations of Be stars seem 
to indicate that the envelopes can dis- 
sipate rather quickly without the pre- 
sence of a continuing supply of matter. 
Also, practically all known Be binaries 
exhibit clear signs of continuing mass 
transfer towards the Be component. 

A more serious objection exists, 
however. It is important to realise that 
two groups of Be binaries are observed. 
In many cases, it is indeed the mass- 
gaining star enclosed by an envelope 
which dominates in the spectrum. Such 
a system can then appear as a ‘single’ 
Be star (¢ Tau, 4 Her or 88 Her can 
serve as examples). In other cases, 
however, it is the mass-losing star, 
which is the brighter of the two, But 
even then, some emission lines originat- 
ing in the envelope around the (now 
invisible) mass-gaining star (or, alter- 
natively, around the whole system) can 
be observed. If, at the same time, the 
mass-losing star is of a B type, such an 
object is often also classified as a Be 
star. This is the case of Be binaries 
HD 187399 (ref. 4) and HD 173219 
(ref. 5), which are listed in all 
catalogues of Be stars. HD 72754, B 
Lyr, W Cru and probably X Per itself 
belong to the same category. This 
classification of Be binaries is con- 
vincingly documented by observations. 
Radical velocities of the hydrogen emis- 
sion lines of all these objects invariably 
indicate that in any known case the 
emitting envelope does not enclose 
the mass-losing star—in clear contra- 
diction to the expectations of the model 
of Maraschi et al”. The Be stars 
assumed in that model do not seem to 
be identical to the Be stars normally 
observed and only by measuring the 
emission and absorption velocities of 
the X-ray transients can the existence 
of the objects postulated by Maraschi 
et al. be confirmed. 

Petr HARMANEC 
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Environmental effects on 
alcohol selection by mice 


RANDALL and Lester! attempted, by 
transplanting fertilised ova to mothers of 
a different strain, to estimate the relative 
contribution of heredity and environ- 
ment to alcohol selection by mice. Their 
experiment was designed to allow the 
following comparisons of alcohol con- 
sumption to be made: 

(1) a, Offspring resulting from the transfer 
of CS7BL/6 strain ova to DBA/2 
mothers were compared with b, off- 
spring from C57 ova transferred to 
C57 mothers (control transplants) and 
with c, naturally bred (untreated con- 
trol) C57 mice; 

(2) a, Offspring resulting from DBA ova 
transferred to C57 mothers were com- 
pared with b, control transplant DBAs 
and with c, untreated control DBA 
mice. 

The absence of a difference between 

groups b and c would imply that the 

transplantation procedure did not affect 
offspring and then a difference between 
groups a and b would imply that the 
maternal environment affects alcohol 
consumption of offspring. This pattern of 
findings is what they report: DBAs trans- 
ferred to C57s and CS57s transferred to 

DBAs showed increased alcohol con- 

sumption, findings which Randall and 

Lester conclude “uphold the hereditary 

basis of alcohol selection in C57BL mice, 

but show the avoidance of alcohol drink- 
ing by DBA mice to be amenable to en- 
vironmental alteration”. 

Even if there were no questions about 
the findings themselves, there is no reason 
to regard an increase in consumption by 
one strain as less indicative of an en- 
vironmental effect than the increase in 
consumption of the other. Both strains 
showed a similar effect. 

It seems possible, however, that the 
composition of the 6 groups was not as 
represented. Randall and Lester state 
that experimental pups were identified by 
differences in eye pigment at birth. This 
method is liable to produce errors in 
identification, since both strains have 
pigmented eyes. Even if it was successful 
in the case of between strain (experi- 
mental) transfers it is difficult to see how 
it could have been used at all in the case 
of control transfers. The natural progeny 
of a C57 female mated to a C57 male will 
be indistinguishable from C57 transplants 
she has received (and, mutatis mutandis, 
the same problem arises with DBAs). It 
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seems likely, then, that groups 1b and 2b 
consisted of both control transplants and 
natural offspring. Given the small yield 
of transplants (three or fewer per litter), 
it is also likely that a majority of pups 
identified as control transplants were in- 
stead natural offspring, equivalent, except 
for the surgical stress to the mother, to 
the untreated controls. 

Uncertainty about the composition of 
the control transplant groups precludes 
any conclusion about the effects of 
maternal environment: the increased 
alcohol consumption of the between- 
strain transplants could equally well be 
due to the transplant procedure in general 
or the surgical stress it entails, In this 
latter case, b groups (stressed) should 
have differed from c groups (unstressed), 
which they did not. The stress to the 
mother is, however, confounded with the 
transplantation procedure (affecting the 
ova?) in the b groups; if the two events 
oppose each other in their effects, the 
offspring might not differ from naturally 
bred ones. 

Unfortunately, the confounding of 
variables does not permit any definite 
conclusion. 

J. M. JOFFE 
JoeL NAJMAN 
Nancy NETTLETON 
Department of Psychology, 
University of Vermont, 
Burlington, Vermont 05401 
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RANDALL AND LESTER REPLY—We agree 
with some of the arguments presented by 
Joffe, Najman and Nettleton?, but we take 
issue with others. The difference in eye 
pigment between newborn C57BL and 
DBA pups is obvious at birth: C57BL 
pups have dark black eyes and DBA pups 
have lightly pigmented eyes. While differ- 
ences in coat colour become evident 
within a few days and could be used, eye 
pigment allows immediate identification 
and the early and accurate culling of the 
litter. 

In control transfers (C57BL-C57BL 
and DBA-DBA), the pups are, obviously, 
indistinguishable. We could have used 
mates of the opposite strain to ensure 
identification of the transferred ova, but 
this approach has its own inherent prob- 
lems; we could also have mated females 
to infertile males of the same strain, but 
this was not a preferable method: the 
female is only pseudopregnant, no control 
uterine horn is provided and the trans- 
ferred offspring are not intermixed with 
natural offspring. We thus considered 
other controls; without prior knowledge 
of the outcome, we chose the method 
described in our paper. We do not deny 
the validity of the arguments against this 
approach: the possibility certainly exists 
that natural, rather than experimental 
offspring, were examined. These other 
control procedures can, of course, also be 


used to determine whether transplanta- 
tion per se exerts no effect; should the 
results not agree, the issue would remain 
unresolved because of the differences in 
methods and the introduction of other 
confounding variables. 

Preimplanted mouse embryos are 
resistant even to the most severe types of 
chemical and drug intervention, at least 
in regard to morphological development 
in a foster mother’s uterusê. Runner* 
suggests that nucleic information is not 
integrated until implantation occurs. 
Rather than attributing the increase in 
ethanol intake to the transplantation 
procedure per se—because surgery is 
performed at least 2d before implanta- 
tion—it is more likely that the outcome 
is a result of critical mother-foetal inter- 
actions. This issue is unresolved, however, 
since we do not know whether bio- 
chemical changes associated with im- 
plantation and pregnancy are similar in 
natural and transplanted offspring. 

Maternal surgical stress does not ex- 
plain the increase in alcohol intake of 
transferred young, unless we assume that 
transplanted ova are differentially sensi- 
tive to subtle changes in the maternal 
milieu or to subsequent postnatal events. 
In unpublished pilot work, we found 
anaesthesia alone did not alter phenotypic 
alcohol intake. Further, natural offspring 
tested concurrently with transferred pups 
did not demonstrate an atypical strain 
effect. For the sake of brevity and because 
we regarded the data as superfluous, these 
data were not in our report; obviously, in 
retrospect, they should have been 
included. 

We can hardly argue that the alcohol 
consumption of C57BL and DBA mice is 
not subject to environmental alteration 
because we have produced such altera- 
tions*. The issue raised here is, however, 
the contribution of genetic and maternal 
variables to the strain extremes, since 
differences in intake are evident at wean- 
ing. We argue that if alcohol selection 
were determined by maternal rather than 
by genetig inputs, we should observe 
selections resembling the phenotypic 
norm of the foster mother. We noted no 
such effects in either strain: although 
alcohol choice increased in DBA mice 
transferred to C57BL mothers, the off- 
spring never demonstrated CS57BL-like 
high selection of alcohol. 

Our report cannot be read to exclude 
the importance of environmental variables 
in determining behaviour, although it 
assuredly emphasises that maternal 
behaviour is not as important a deter- 
minant of alcohol intake as is genetic 
constitution. 


Rutgers University, New Jersey 08903 
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VISWAMITRA! has speculated on ethe 
structure of free NAD which he then 
extrapolates to the NAD conformation 
when bound to enzymes. Unfortunately, 
he has neglected to take into account the 
extensive results which have been obtained 
during the past five years on the con- 
formation of NAD when bound to 
lactate dehydrogenase*, malate dehydro- 
genase*, liver alcohol dehydrogenase* 
and glyceraldehyde-3-phosphate dehydro- 
genase®. Suffice it to say here that his 
speculations are inconsistent with facts 
and that the only ‘fact’ he does quote 
concerning the fit of his proposed NAD 
model to the low resolution difference 
map of Adams et al.’ is incorrect. 


MICHAEL G. ROSSMANN 


Department of Biological Sciences, 
Purdue University, 
West Lafayette, Indiana 47907 


1 Viswamitra, M. A., Nature, 258, 540-542 (1975). 

2 Holbrook, J. J., Liljas, A., Steindel, S. J., and 
Rossmann, M. G., The Enzymes, XI (edit. by 
Boyer, P.), 191-292 (Academic, London, 1975). 

3 Banaszak, L. J., and Bradshaw, R. A., The Enzymes, 
XI (edit. by Boyer, P.), 369-396 (Academic, 


(1975). 

6 Adams, M. J., McPherson, A., Jr, Rossmann, M.G., 
Schevitz, R. W., and Wonacott, A. J., J. molec. 
Biol., 51, 31-38 (1970). 


VISWAMITRA REPLIES—The model pro- 
posed for NAD! was essentially for a free 
molecule. The reference to the work of 
Adams et al.? was to pdint out that NAD 
conformations with the adenine and 
nicotinamide bases far apart had been 
considered earlier. Although the statement 
about the possible compatibility of the 
model with the low resolution electron 
density maps of Adams et al. was unfortu- 
nate, it was only made as it was felt that 
electron density maps at 5-A resolution, 
could admit, in general, a certain flexibility 
where the derivation of the shape of a 
small substrate molecule is concerned. It 
is also difficult to rule out conformational 
states of coenzyme molecules other than 
those derived from structural studies of 
bound enzymes as inconsistent with facts. 
The molecular structures found for ADP 
in the crystal structure of its rubidium* 
and tris salts (M.A.V., Z. Shakked and O. 
Kennard, to be published) are different 
from those deduced for the coenzyme 
from structural studies of bound enzymes’. 


University of Cambridge 
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Genuine passion for research 





Frederic Joliot-Curie : A Biography. By 
Maurice Goldsmith. Pp.260. (Lawrence 
and Wishart: London, June 1976.) £6. 





To the genuine scientific research 
worker there is no greater satisfaction 
than that of discovery. Frederic Joliot- 
Curie was just such a man with a 
genuine passion for research. In addi- 
tion he was an unusually fine and 
talented craftsman, skilled with his 
hands and appreciative of beauty in 
technique no less than in art. He was 
married to Irene, daughter of Pierre 
and Marie Curie, born and bred to the 
laboratory and the exacting standards 
of scientific integrity and hard work, 
as well as the vision that characterised 
the work of her famous parents. There 
are three great highlights in the scien- 
tific work of the Joliot-Curies. 

In 1931 they observed that a pene- 
trating radiation emitted when 
beryllium was bombarded by a particles 
was capable of ejecting energetic pro- 
tons from a thin layer of paraffin wax. 
They erroneously interpreted the pene- 
trating radiation as due to 50 MeV 
nuclear y rays but this was an unlikely 
explanation; and Chadwick, as soon as 
he heard of the work of the Joliots 
repeated it and established conclusively 
that the radiation consisted of neu- 
trons, for which Rutherford had been 
searching for 13 years. For this 
Chadwick received the Nobel prize. 

In 1934 they discovered the new 
phenomenon of artificial radioactivity, 
showing that light elements bombarded 
with @ particles could be made radio- 
active, emitting positrons with charac- 
teristic half-life. For this discovery they 
shared a Nobel prize in 1935, just 32 
years after a similar joint award to 
Irene’s parents. 

In 1939 Joliot and his colleagues 
studying the newly discovered process 
of nuclear fission after the capture of 
a neutron by uranium, showed that 
more than two neutrons were emitted 
in the subsequent fission, thus estab- 
lishing the possibility of initiating a 
nuclear chain reaction and, incident- 
ally, although they did not realise it at 
the time, of the breeder reactor. 

Frederic and Irene Joliot-Curie 
could no doubt have derived the 
greatest satisfaction and sense of ful- 





Courtesy Association Joliot-Curie 


E. H. S. Burhop 








At a memorial meeting for Rutherford (November, 1947). Left to right: Desmond 
Bernal, Joliot-Curie, and Lady Rutherford 





filment from continuing to work to- 
gether in their laboratory for their 
whole lives. But they shared in their 
family backgrounds the finest traditions 
of French radicalism. They were con- 
scious of the power of science and 
technology to provide the material basis 
on which a transformation of society 
could be effected. The reality they saw 
was of a society in which science was 
underused or misused, with poverty, 
unemployment, inequality, threatened 
internally and externally by fascism. 
War came and with it humiliation for 
their country. 

Can a scientist remain tied to his 
laboratory, indifferent to what is going 
on about him in such circumstances? 
Or if he can, should he? The life of 
Frederic Joliot-Curie epitomises the 
problem of the social responsibility of 
the scientist. It is a tribute to Maurice 
Goldsmith that in this short and 
brilliantly written biography he not only 
captures the excitement and drama of 
the scientific discoveries to which the 
Joliot-Curies contributed in such ample 
measure. He also brings out the sig- 
nificance of the decisions Joliot had to 


make and the deeper meaning of his 
life. 

Joliot-Curie had, no doubt, what the 
answer to the above rhetorical question 
should be. He would have accepted the 
viewpoint of Paul Langevin, his teacher 
and friend: “I must devote myself to 
these political activities. It is true that 
I could be doing my science, but the 
science I could do will be done by 
ethers, and this task comes to me 
because it is not being done by others”. 

Joliot’s sense of social concern led 
him along a hard and stony path, to 
great misfortune, and possibly to pre- 
mature death for his wife and himself. 
He became Head of the World Peace 
Council. The great Stockholm Peace 
Appeal against nuclear weapons, signed 
by 500 million people throughout the 
world was his brainchild. This built up 
such a worldwide public reaction 
against nuclear weapons that it made 
the idea of a pre-emptive nuclear strike, 
for which some ‘hawks’ were clamour- 
ing, unthinkable. He became President 
of the World Federation of Scientific 
Workers which had been set up under 
the influence of scientists like Joliot, 
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Langevin and Bernal to try to ensure 
effective planning, policy making, 
peaceful application of science, and 
proper training and conditions of work 
for scientists. Joliot first raised with 
Bertrand Russell the possibility of the 
organisation of a world conference of 
scientists against nuclear weapons 
which eventually led to the Pugwash 
Conferences. The first contacts of the 
reviewer with both Joliot and Russell 
were connected with this initiative. 

In the post-war period, alongside 
activities of this kind, Joliot was deeply 
involved in questions of French science 
and nuclear energy policy. Soon after 
the liberation of France he was given 
the task of reformulating science re- 
search policy. He reorganised the 
National Fund for Scientific Research 
(CNRS), laying a basis for French 
scientific research that persists today. 
On the setting up in October 1945 of 
the French Commissariat for Atomic 
Energy, Joliot was appointed its High 
Commissioner and in this capacity was 
responsible for planning the highly 
successful first decade of the French 
peaceful nuclear energy program. 

But Joliot’s increasing commitment 
to the struggle against nuclear weapons 
led to a virulent campaign against him 


in the French press and increasing 
pressure on the French Government to 
dismiss him. Eventually in 1950 his one 
time friend and colleague in the 
Resistance, Prime Minister Georges 
Bidault, delivered the coup de grace. 
Joliot was a sensitive man and his 
dismissal and the abusive and deeply 
wounding insinuations that accom- 
panied it saddened his last years. Cer- 
tainly Irene, to whom he was devoted, 
and possibly he himself, suffered from 
the effects of radiation. He died in 
1958, surviving Irene for two years. 
This is a significant book and suc- 
cessfully portrays the warmth, greatness 
and vision of its subject. Some parts 
read as excitingly as a detective novel, 
as when it describes how Joliot’s fore- 
sight and initiative led to his arranging 
for France to acquire the whole Nor- 
wegian stock (~ 180 litres) of heavy 
water to prevent its falling into Ger- 
man hands; and then arranging for its 
transfer to Britain, just ahead of the 
Nazi invasion of France, This was a 
signal contribution to the Allied cause 
for which he received scant recognition 
when he was refused permission to 
enter Britain in 1950 to attend the 
Sheffield Congress of the Partisans of 
Peace. Again there is the account of 
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his courageous work in the French 
resistance, especially in the preparations 
for the Paris rising of 1944, for which 
his laboratory organised the supply of 
munitions. 

But the key question that will be 
raised by the book and one that still 
confronts us today is the way in which 
the scientist must reconcile his duty to 
his profession of scientific research 
worker with his responsibility to society 
as a whole. Joliot had to make this 
decision under circumstances of very 
great difficulty and there will certainly 
be differences of view concerning the 
correctness of his choice. If, however, 
the 500 million signatures of the Stock- 
holm Peace Appeal helped significantly 
to prevent the further use of nuclear 
weapons then surely one must conclude 
Joliot’s choice was the correct one. O 





Professor E. H. S. Burhop, FRS, is 
Professor of Physics at University 
College, London, UK. He was asso- 
ciated with F. Joliot-Curie in the World 
Federation of Scientific Workers and 
eventually succeeded him and C. F. 
Powell as President. 





Marine mussels 


Marine Mussels: Their Ecology and 
Physiology. (International Biological 
Programme 10.) Edited by B. L. Bayne. 
Pp. xviii+ 506. (Cambridge University: 
Cambridge and London, June 1976.) 
£22 


Tuts excellent volume is strongly 
recommended for purchase by univer- 
sities, polytechnics, museums, and 
marine biological research stations, on 
a worldwide basis. It will be an indis- 
pensible tool for professional biologists 
who are concerned with biology of 
bivalve molluscs, or productivity of 
coastal waters, and who can afford the 
price. It will form a stimulating basis 
for university courses in marine 
biology. 

The editor and authors are to be 
commended for their lucid, narrative 
style, for every chapter makes interest- 
ing reading. The authors’ authority lies 
in their own contributions to the liter- 
ature. They comprise: Sir Maurice 
Yonge (The ‘mussel’ form and habit); 
R. Seed (Ecology); D. Roberts (Mussels 
and pollution); B. L. Bayne (The bio- 
logv of mussel larvae); B. L. Bayne, 
R. J. Thompson and J. Widdows 
(Physiology I, II, Physiological integra- 
tions); P. A. Gabbott (Energy metabol- 
ism); J. S. Levinton and R. K. Koehn 


(Population genetics of mussels); J. 
Mason (Cultivation). 

Mussels have a global distribution in 
coastal waters and estuaries, and pro- 
vide a major part of the world crop of 
bivalve shellfish; and they are impor- 
ant components of their ecosystems. 
The book deals with the whole range of 
biology of mussels—how their physio- 
logical attributes equip them for their 
environments and the variables with 
which they contend. We are informed 
on the biology of mussel larvae, their 
food preferences, primary settlement, 
and subsequent movement to beds of 
adult mussels. Growth rates at different 
tidal levels, predators, and parasites, 
are considered in turn. 

Physiology of nutrition, and respira- 
tion, and the functioning of the vas- 
cular and excretory systems are studied 
ir depth. Physiological features are 
related to the ecological setting—for 
example, the ability of mussels to 
acclimate their filtration rate and 
oxygen consumption (but not heart 
beat) to short-term fluctuations in 
temperature and ration. 

Seasonal changes in biological com- 
position of mussel flesh, food reserves, 
metabolic pathways, and control 
mechanisms are considered, the last 
with reference to compensation for en- 
vironmental change. Population gene- 
tics, with reference to isoenzymes, 
reveals variation on a geographic scale, 


and also on a small scale within an 
estuary or tidal flat. 

Consideration is given to pollutants, 
and to purification before marketing; 
care must be taken ggainst paralytic 
shellfish poisoning arising from unusual 
blooms of Gonyaulax or Gymnodinium. 
The book ends with a review of mussel 
cultivation in Western European seas. 

The book is illustrated by 142 text 
figures which are commendably clear; 
most of these are graphs and line dia- 
grams, but there are also some good 
photographs. The reference list, which 
must contain about 1,500 entries, will 
be a valuable tool in itself. There is a 
good index. 

Typographical errors are rare. The 
Reviewer regrets the general misuse of 
the word ‘visualisation’ by chromato- 
graphers, and the increasing mistreat- 
ment of ‘data’ as a singular noun; and 
he is disappointed to find both these 
usages here. What, incidentally, is 
‘vagile’ (p 358)—it is not in the re- 
viewer’s copy of the Shorter Oxford 
English Dictionary. R. D. Purchon 


i 


R. D. Purchon is Professor of Zoology 
in the University of London, Head of 
the Department of Zoology at Chelsea 
College, and presently the Chairman of 


the Biological Sciences Group of 
Departments at Chelsea College, 
London, UK. 
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Primitive Sensory and Communication 
Systems: The Taxes and Tropisms 
of Micro-Organisms and Cells. Edited 
by M. J. Carlile. Pp. vii+258. (Aca- 
demic: London, New York and San 
Francisco, January 1976.) £8.50; $21. 


THERE has been a renewed interest 
and considerable progress in the study 
of cell orientation, and this compact 
book shows some of the new results 
and the new excitement. If I had any 
criticism, it would be one of omission 
rather than what the book contains. 
It starts off with a clear and 
systematic introductory essay by M. J. 
Carlile. The effects of light on orien- 
tation are treated in an organised 
fashion by W. Nultsch. Julius Adler 
provides a short, lucid review of his 
own beautiful work; I am only sorry 
he did not go into further detail, 
especially on the work of Berg, Kosh- 
land and others; but there are a 
number of other good recent reviews 
on this subject published elsewhere. 
T. M. Konijn provides the best review 
I have seen anywhere of all the work 





Radiation and 
matter 


The Dynamics of Spectroscopic 
Transitions: Illustrated by Magnetic 
Resonance and Laser Effects. (Wiley- 
Intersciences Monographs in Chemi- 
cal Physics.) By James D. Macomber. 
Pp. xxiv+332. (Wiley-Interscience: 
New York and London, February 
1976.) $23; £11.50. 


THis book is concerned with the 
mechanisms by which radiation can 
interact with matter and, in particu- 
lar, with the processes involved when 
electromagnetic radiation stimulates 
a transition from one quantised 
energy level to another. The author 
points out that discussions of the 
physical principles involved are often 
omitted in books on spectroscopy and 
has directed this book at advanced 
undergraduates, graduates and re- 
search spectroscopists. The first three 
chapters outline the essential quan- 
tum theory and theory of electro- 
magnetic radiation that is required. 
Chapters 4 and 5 give the theory of 
the interaction of radiation with 
matter, and in chapter 6 the theory is 
ilustrated with reference to mag- 
netic resonance; in this area the 
e 


on cellular slime mold chemotaxis, 
and I feel equally enthusiastic about 
G. W. Gooday’s review of chemo- 
taxis (and tropisms) in the algae and 
fungi. 

Finally, P. C. Wilkinson provides a 
brief review of the work on leukocyte 
chemotaxis which is succinct and 
clear, as one would have expected if 
one has read his fine book on the 
same subject. He stresses the point 
that macromolecules seem to be im- 
portant leukocyte attractants, which 
contrasts with the role of small 
molecules as attractants in the earlier 
chapters. 

Besides more on bacterial chemo- 
taxis, I would have liked to see a 
review of all the work on pollen 
tubes; it would have fitted in well. I 
also missed a concluding chapter 
which might have attempted to bring 
together some of the photo- and 
chemo-orientation ideas, as well as 
some of the common and contrasting 
details in the different chapters. But 
perhaps these complaints are merely 
an indication that I found myself 
stimulated (and oriented!) by the 
book. J. T. Bonner 





J. T. Bonner is Professor of Biology 
at the University of Princeton, New 
Jersey. 


physical principles are particularly 
easily understood, In the last two 
chapters the theory is generalised to 


other systems and to two-level 
systems. 
The subject inevitably requires 


mathematical treatment, and this is 
set out very clearly in the book. At 
the same time the author is at pains 
to give, wherever possible, physical 
explanations of the processes in- 
volved. These are often of great value 
in thinking about spectroscopic ex- 
periments, and many spectroscopists 
would find much to fascinate and 
enlighten them. 

I was a little surprised to find in 
the historical introduction no men- 
tion of Purcell, Torrey and Pound as 
discoverers of magnetic resonance in 
bulk matter at the same time as 
Bloch and his colleagues. There are 
one or two minor and obvious errors 
(for example in Fig. 4.3), but these 
do not significantly mar a clear and 
lucid account of an important aspect 
of spectroscopy. 

R. E. Richards 





Dr Richards is Warden of Merton 
College, Oxford, and Chairman of the 
Oxford Enzyme Group working in the 
Department of Biochemistry at the 
University of Oxford, UK. 


729 





Trace elements 


Analysis. 
Valkovic. Pp. x+229. (Taylor and 


Trace Element By V. 


Francis: 
£7: 


London, November 1975.) 


Trace Element Analysis is a unique 
‘book as far as its content can be 
judged in relation to its title. There 
are many books which treat tech- 
niques of trace analysis in mono- 
graphic form or are devoted to a 
wide range of physicochemical tech- 
niques but which in general say little 
about the reasons or rationale for 
doing such work. This slender attrac- 
tive volume does set out to describe 
some techniques, but concentrates to 
an unusual degree on setting the 
scene and giving the background to 
the philosophy and fundamental 
reasons for the importance of analys- 
ing for trace elements under particu- 
lar sets of circumstances. This part 
of the book is extremely well done 
and the author is to be congratulated 
on his grasp of such a wide field of 
knowledge and his ability to write in 
such an interesting way. This part of 
the text (128 pages) occupies the first 
six chapters: elements in nature; 
trace elements in the environment; 
environmental pollution; trace ele- 
ments in biology and medicine; 
general aspects of trace analysis. 

The remaining 67 pages are devoted 
to chapters on activation analysis, 
X-ray emission spectroscopy, optical 
methods and mass spectrometry. 
Here the book is not quite so satis- 
factory in that the treatment is more 
restricted and a good deal less 
detailed and rather less critical in its 
assessment than other books which 
are available. It is, for example, 
disappointing to find no mention of 
work on electroanalytical techniques 
of trace analysis and scant attention 
given to the preconcentration tech- 
niques that are so important to trace 
analysis in all its guises. Some of the 
descriptions of atomic spectroscopic 
techniques are also rather outdated 
and oversimplified. 

The strength and the excellence of 
this book lies, however, in the first 
six chapters which are unusually good 
and make it a worthwhile text for 
all who are concerned with the 
broader aspects of trace element 
analysis. T. S. West 





Professor West is Director of the 
Macaulay Institute for Soil Research, 
Craigiebuckler, Aberdeen, UK. 
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obituary 





Georgii Samsonovich Dzotsenidze, the 
eminent Soviet geologist died on May 
5, 1976, aged 66. 

Dzotsenidze was born in 1910, in the 
Georgian town of Kutaisi. He was 
educated at Tbilisi University, graduat- 
ing in 1929, and from then on his 
academic career was closely connected 
with the University, rising from the 
position of laboratory assistant in the 
Department of Mineralogy and Petro- 
logy, to become a lecturer, Dean of the 
Faculty of Geology and Geography, 
and finally, in 1958, Rector of the 
University. His research was concerned 
mainly with the geology of Georgia; 
in 1933-34 he led the geological survey 


team of the Georgian Geological 
Board. His more than 120 publications 
include Premiocine extrusive vulcanism 
of Georgia, Question of the genesis of 
barytic deposits in Georgia, Analcite 
level in the coal—bearing formation of 
the Kutaisi-Gelat region, and Petrology 
of the Bath Deposits of Okribri. He 
was elected a full member of the 
Georgian Academy of Sciences, having 
served for four years as acting 
Academic Secretary of the Academy. 
In the same year (1955), he became a 
Vice-President of the Georgian Aca- 
demy of Sciences. In 1968 he became 
a full member of the Academy of 
Sciences of the USSR. 


Dzotsenidze combined his academic 
career with considerable political 
activity. He served as a Deputy of the 
Supreme Soviets of the Georgian SSR 
and the USSR several times, and was 
a member of the Central Revision 
Commission of the CPSU and of the 
Central Committee of the Communist 
Party of Georgia. 

For his academic and political ac- 
tivities Dzotsenidze received a number 
of high Soviet honours, including the 
Order of Lenin (three times), the order 
of the October Revolution, the Order 
of the Red Banner of Labour, a Stalin 
(now State) prize, and numerous 
medals. 








announcements 





The 1976/77 Moscow Seminars on Col- 
lective Phenomena will take place on 
Sundays at 1200 starting on September 
12, at Ulitsa Veshnyakovskaya, Dom 4, 
Korpus 2, Appartment 5, Moscow. 
Letters, reprints and preprints may be 
sent to Professor M. Ya. Azbel’ at the 
above address, but all correspondence 
must be registered and insured. All 
visiting scientists are very welcome to 
attend the seminars unannounced. 
The programme is: 

September 12, 1976: Dr Yu. Mniukh 
on Polymorphic Transitions in Crys- 
tals. 

September 19, 1976: Professor Yu. 
Orlov on Wave-logic and its Appli- 
cations to Wave-Mechanics. 

September 26, 1976: Dr A. May on 
Cybernetic Ideas and Empirical 
Sociology. 

October 3, 1976: Corresponding Mem- 
ber B. Levich on The Semi- 
empirical Theory of Turbulence. 

October 10, 1976: Professor M. Ya. 
Azbel’ on Decoding DNA. 

October 17, 1976: Dr I. Andryukin on 
The Theory of Exactness of Mech- 
anical Treatment. 

October 24, 1976: Dr E. Trifonov on 
Genetic Engineering. 

October 31, 1976: Dr G. Rosenstein on 
Models of Mental Distress. 

November 7, 1976: Dr V. Brailovsky, 
on Deducing Relationships from 
Experimental Data. 

November 14, 1976: Professor N. 
Salanski on Physics of Magnetic 
Films. 

November 21, 1976: Dr Yu. Kalenov 
on Hydrodynamic Lasers. 

November 28, 1976: Dr V. Lazaris, on 
The Creativity of Ben Galevi. 


December 5, 1976: Professor Ya. 
Alpert on Wave-Phenomena in 
Cosmic Plasmas. 

December 12, 1976: Dr A. Kaplan on 
Dynamics of Quantum Systems in a 
Non-linear Resonance Field. 

December 19, 1976: Professor N. 
Meyman on Spectral Properties of 
the Schrédinger Equation in a 
Periodic Field. 

December 26, 1976: Professor B. Fain 
on An Experimental Investigation of 
Psychological Pecularities. 

January 2, 1977: Dr I. Brailovskaya on 
Supersonic Viscous Flow Around a 
Body. 

January 9, 1977: Dr I. Gildengorn on 
The Influence of Oxidation on 
Thermoelectric Properties of Alloys. 

January 16, 1977: Dr M. Shepelev and 
Dr V. Dubrovskaya on The Order of 
Reaction in Vulcanisation of Rubber. 

January 23, 1977: Professor A. Tzi- 
nober on Hydrodynamics of Liquid 
Metals in a Magnetic Field. 

January 30, 1977: Professor N. Salan- 
sky on Yoga and Judaism. 

February 6, 1977: Corresponding 
Member B. Levich on Electrocapil- 
lary Phenomena, 

February 13, 1977: Professor M. Ya. 
Azbel’ on Entropy and Phase Tran- 
sitions. 

February 20, 1977: Dr A. Schuster on 
An Optical Problem in Combination 
Theory. 

February 27, 1977: Dr G. Shapiro on 
Hormonal Regulation of Vital Func- 
tions. 

March 6, 1977: Dr L. Regelson on 
Interaction of Weak Fields with Bio- 
logical Structures. 

March 13, 1977: Professor N. Meyman 


on Dispersion Relations and the Flow 

Increase Principle. 

March 20, 1977: Dr V. Relz on Deter- 
mination of the Electronic Density 
Function of Protein. 

March 27, 1977: Dr L. Vilenskaya on 
Possible Interpretation of some Psy- 
chological Phenomena. 

April 3, 1977: Professor M. Kovner on 
Earth’s Radiative Belts and their 
Origin. 

April 10, 1977: Dr A. Kaplan on Non- 
linear Fresnel Reflettion. 

April 17, 1977: Professor S. Alber on 
Asymptotic Methods in the Theory 
of Eigenvalues. 

April 24, 1977: Dr E. Tzifonev on 
Evaluation of Nucleotide Sequences 
(Experimental). 

May 1, 1977: Professor B. Fain on 
Non-radiative Transitions in Con- 
densed Matter. 

May 8, 1977: Corresponding Member 
B. Levich on Surface Turbulence in 
a Liquid. 

May 15, 1977: Dr G. Volk on Visco- 
simetric Determination of Molecular 
Weights. 

May 22, 1977: Dr A. Dolgopolsky on 
The Hebrew Language and Alpha- 
bet: The History of Languages. 

May 29, 1977: Professor M. Ya. Azbel’ 
on New Statistics of Quasiparticles. 

June 5, 1977: Dr A. Malitzky on The 
Planning of an Experiment. 

June 12, 1977: Dr E. Tzifonev on The 
Spatial Structure of RNA. 

To get to Professor Azbel’s apart- 
ment: Take the Metro to Zhdanov- 
skaya (end of line in Eastern suburbs), 
then the No 64 Trolleybus North along 
Ulitsa Veshnyakovskaya until the road 
forks (about 6 stops). 
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Which way now for journals ? 


Barnaby RICH said in 1613 that: “One of the diseases 
of this age is the multiplicity of books; they doth so over- 
charge the world that it is not able to digest the 
abundance of idle matter that is every day hatched and 
brought forth into the world”. He would undoubtedly 
have used similar words in 1976 to articulate the concern 
that most practising scientists express from time to time 
about the proliferation of journals and the number of 
papers published, but perhaps he would also have come 
up with some practical suggestions about how the prob- 
lem should be solved in the light of diminishing library 
budgets. It is really only when a university library, say, 
cuts out by mistake what a substantial number of people 
regard as a vital journal that there is any significant 
outcry. 

Interestingly, though, only about 55% of the expendi- 
ture of a typical university library on journals (in the UK 


at least) is devoted to ‘essential’ titles. The remainder are ° 


‘desirable’ or ‘marginal’, spending on these categories 
being 40% and 5% of the total, respectively. If the 
coming acadgmic year proves to be another tough one 
financially, marginal titles are likely to become a thing 
of the past, and the list of desirable ones will be on the 
chopping block, So if things don’t get any better for 
libraries, what is to be done? 

First of all, one might wish for an unwritten rule that 
the creation of a new journal had to be a true reflection 
of the appearance of a new subject grouping or synthesis 
of subjects, and not merely a rather meaningless sub- 
division of an old subject. (No marks out of 10 for Slide 
Rules in Laryngology, for example.) And on this basis, 
why not aim to have two journals shut down for every 
one started? (True, this would imply the publication of 
fewer papers, but that would be no bad thing in the 
light of claims that more than 90% of papers written 
eventually get published somewhere.) The plain facts of 
the matter, however, are that of about 35,000 journals 
in existence at present, only 1,300 disappear each year 
whereas a full 2,000 are added. 

Second, as the pious hopes of the previous paragraph 
can at best be only partly realised, what can be done to 
existing journals to reduce their bulk and their cost? 
The bulk is particularly important both because it deter- 
mines how much the reader has to read, and because 
postage is now such an important element (some 15% of 
the cost of a subscription to Nature in the UK. for 
example). 

One of the ultimate solutions is to publish a journal 


solely in microform—probably microfiche, a single piece 
of photographic sheet film some 10 x 15 centimetres con- 
taining reduced images of 100-odd journal pages. There 
are no paper or machining charges and minimum postal 
costs—but the spectre of user resistance rears it head. 
How can we browse in a library that uses uninviting 
gadgetry like a microfiche reader, they ask. It seems that 
nobody is ready yet for a complete revolution like that, 
however, and maybe they never will be. Microform for 
archival use, yes; for current use, probably no. 

So what are journal publishers (which include many 
learned societies, large and small, as well as commercial 
concerns) to do? The most accurate indicators of cur- 
rent thinking are the experimental publishing projects 
being carried out by the Chemical Society in the UK 
and the American Chemical Society in the United 
States. These cautious steps forward involve what are 
called ‘synopsis journals’, in which the author writes a 
synopsis of perhaps 1,000 words, which is printed con- 
ventionally and backed up by more detailed informa- 
tion, on microfiche for example, to which the reader 
can have access if he requires. 

As the microfiche part of such a journal can make 
use of directly photographed typewritten pages while 
the synopsis part can still be printed in a way that makes 
it look no different to a comparable publication, the 
average reader, who likes his journal to look ‘right’ 
and to be printed on good old-fashioned paper, can be 
tempted to move in the right direction without sacrific- 
ing any of the things he holds dear. The librarian, for 
his part, would hope to see the changes reflected in the 
subscription price. 

The browsing reader can still browse in the time- 
honoured way, with the added advantage of not having 
so much to read or skim through. Those who need to 
consult the back-up information will only have to suffer 
microform in pursuit of the small number of papers 
that directly interest them and ought not to find its 
use an excessive chore in these circumstances. In fact, 
if one believes the tales that most papers are only read 
in detail by one or two people, it could turn out that 
librarians in a synopsis era would find relatively little 
call on their microfiche facilities for this purpose. 
Which raises the whole question of whether all that 
detail actually needs to be published at all. Could it not 
equally well be submitted for scrutiny by the referee 
and then made available by the author to those who 
care to request it? 
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Tennessee valley energy 


The Tennessee Valley Authority represents an 
American historical landmark. Colin Norman reports 


W/ HEN the Tennessee Valley 

Authority (TVA) was established 
in 1933, at the height of the great 
depression, it rapidly became one of 
the more controversial instruments of 
President Franklin D. Roosevelt’s 
famed New Deal. Designed, in Roose- 
velt’s words, for the reclamation of 
land and of human beings, the creation 
of TVA was a unique federal attempt 
to attack the grinding poverty of an 
entire region by developing and con- 
serving its natural resources. 

Like much of the New Deal, the 
experiment was controversial because 
it went against the capitalist grain for 
the federal government to play such a 
strong role in economic and social 
enterprises. To many conservatives, it 
smacked of socialism. Now, 43 years 
later, TVA is still controversial, though 
for different reasons. 

In 1933, the Tennessee Valley was an 
economic and environmental disaster 
area. Most of the region’s people were 
at the bottom of the pile, living in des- 
perate poverty. The land, which had 
been worked to death, was fast being 
eroded and turned into a barren waste. 
The hillsides, which once boasted the 
largest hardwood forests in North 
America, were denuded. And the 
1,000-mile Tennessee River would fre- 
quently burst its banks, flooding vast 
areas; in many places, shoals and 
shallows also made it impossible to 
navigate. Then along came TVA’s 
armies of engineers, scientists and agri- 
culturalists to dam up the rivers, re- 
forest the hillsides and reclaim the 
land. By most measures, they have 
been spectacularly successful. 

Although family income in the 
region is still a little below the 
national average, it is no longer an 
economically depressed area. Tt has a 
productive agricultural system and in- 
dustries have been attracted into the 
area by cheap electricity rates. And 
the Tennessee River has been tamed 
by numerous dams, so that it is navig- 
able and it no longer rampages through 
the fields and towns each spring. The 
stark before-and-after contrast in the 
valley in fact gradually made true 
believers of all but the most diehard 
conservatives. 

Consequently, TVA is now held in 
the highest regard by many of the 
people who live in the seven-state area 
which it serves, a fact painfully dis- 
covered by Senator Barry Goldwater 
in 1964 and by Ronald Reagan a few 


months ago. Both hinted that, if 
elected President, they may consider 
selling TVA off to private industry to 
get rid of this socialist monstrosity. 
They paid dearly at the polls as a 
result, losing important elections in 
Tennessee. 


Highly charged issues 

TVA is controversial now because it is 
facing many highly charged issues 
endemic to an industrial society, such 
as energy planning, strip mining, air 
pollution, and public participation in 
governmental decision-making. The 
sheer scale of TVA’s operations 
ensures that the way it tackles those 
issues often has national implications. 

A description of TVA’s activities 
reads like a list of superlatives. It is 
the largest energy supplier in the 
United States, providing electricity to 
a region the size of Great Britain. It is 
the single largest user of coal in the 
nation, consuming more than 40 mil- 
lion tons a year in its power plants. It 
has more nuclear power plants under 
construction than any other electric 
utility. The 33 major dams which have 
been constructed on the Tennessee 
River and its tributaries harness lakes 
whose combined shorelines are longer 
than those of the Great Lakes. And 
it is the region’s largest employer, 
providing 31,000 jobs. 

Even the criticisms being levelled at 
TVA are impressive in their scope. 
During Senate testimony on TVA last 
year, for example, one critic suggested 
that “the Tennessee Valley Authority 
is a part of the problem in Appalachia, 
not a part of the solution”, while 
another stated that TVA “began as an 
experiment in democracy but has 
turned into an example of how our 
government can practise colonialism 
on its own people”. 

TVA is really two separate opera- 
tions. One, financed entirely by 
federal appropriations of more than 
$100 million a year, is responsible for 
running a vast range of programmes, 
including agricultural assistance, fer- 
tilizer research and development, and 
the management of parks, dams and 
recreational facilities. The other, more 
controversial, side of TVA’s activities 
is its role as supplier of electricity to 
the region. It is a self-supporting, 
$1,000 million-a-year operation, fin- 
anced by revenues and by the sale of 
bonds for capital projects. 
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Fontana dam, the TV A's highest 


Problems, controversies 

The problems and controversies en- 
countered by TVA’s energy operations 
are similar to those being faced by 
other electric utility companies, but 
TVA’s unique structure gives it some 
advantages in tackling them. For one 
thing, the agency’s Congressional char- 
ter requires that it be run as a non- 
profit enterprise, which means that it 
doesn’t have to pay dividends to stock- 
holders. It is also fortunately situated 
right next door to the Appalachian 
coal fields, and its numerous dams pro- 
vide a secure source of cheap electri- 
city. For those reasons, TVA’s 
electricity is the cheapest in the 
country, selling at abot 60%, of the 
national average. 

At present, about 20% of TVA’s 
power comes from hydroelectric 
sources, and the rest comes from coal- 
fired power stations. A few years ago, 
however, the agency decided that all 
its future energy growth would come 
from nuclear power plants, and it 
embarked on a massive nuclear con- 
struction programme. By the mid- 
1980s, TVA expects to have 17 nuclear 
reactors in operation at seven different 
sites, adding up to a_ staggering 
20.000 MW. It would be the largest 
user of nuclear power in the country. 
Clearly, TVA’s espousal of the atom, 
at a time when many other electric 
utilities are deferring or cancelling 
their nuclear orders, has enormous 
impact on the United States nuclear 
power programme. 

Why does a utility which is sitting 
on top of a vast coal field decide to 
go nuclear? TVA has already dammed 
up most of the rivers in the region so 
that there is virtually no scope for 
expanding its hydroelectric generating 
capacity. “The choice is between coal 
and nuclear”, says TVA General 
Manager Lynn Seeber, “and we believe 

. 
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that nuclear will be cheaper and envi- 
ronmentally more acceptable”. The 
afency’s critics disagree, however, 
pointing out that TVA’s brief experi- 
ence so far with nuclear power has 
been disastrous—it owns and operates 
the Browns Ferry plant which caught 
fire last year—and the critics also argue 
that the cost estimates will prove to be 
grossly inaccurate. 

Be that as it may, environmental 
factors clearly played a key role in 
TVA’s decision to opt for nuclear 
power instead of expanding its coal- 
fired generating capacity. In short, 
federal pollution control regulations 
are becoming more and more expensive 
to meet, particularly since TVA re- 
cently lost a major court battle with 
the Environmental Protection Agency 
(EPA). 


Regulation problems 

The pollution control regulations 
which are causing TVA most of its 
problems are embodied in the 1970 
Clean Air Act, a bill which sets air 
quality standards and a timetable for 
meeting them. In some places, the Act 
is a little fuzzy in its definitions, and 
there has been a royal battle on several 
fronts over compliance with the stan- 
dards. TVA decided early on that it 
could meet the regulations by a com- 
bination of tall smokestacks on its 
power plants, and continuous meteoro- 
logical monitoring to ensure that the 
pollutants are not blown back to the 
ground in large concentrations. 

It developed a sophisticated fore- 
casting and monitoring system which 
would automatically give orders to 
curtail, or shut down entirely, in- 
dividual power plants when meteoro- 
logical conditions prevent proper dis- 
persal of the stack gases. TVA has 
recently computerised the entire 
operation. 

EPA interpreted the Clean Air Act 
differently, however, insisting that it 
requires stack gases, such as sulphur 
dioxide, to be removed entirely. Simply 
spewing them into the atmosphere 
through tall stacks will cause problems 
downwind, when the SO: is washed out 
of the atmosphere as so-called acid 
rain, EPA argued. As usual in such 
matters, the dispute ended up in the 
courts and the outcome was closely 
watched by environmentalists and by 
industry since it represented a crucial 
test of EPA’s strategies. 

TVA lost the battle earlier this year. 
According to TVA officials, it will cost 
about $250 million a year to install and 
operate the required pollution control 
equipment on several power plants. By 
contrast, TVA’s proposed meteoro- 
logical approach would have cost about 
$20 million a year. 

And there have been other problems 
with TVA’s heavy use of coal. For one 


thing, coal prices have escalated from 
about $10 to $30 per ton in the past 
three years. And for another, most of 
TVA’s coal comes from strip mines, 
which are causing considerable envi- 
ronmental destruction and bitter re- 
sentment in some areas of Appalachia. 

Although TVA officials take de- 
served pride in the fact that all their 
contracts with coal suppliers contain a 
clause requiring that strip mined lands 
be restored and revegetated, it’s clear 
from testimony before a Senate com- 
mittee last year that those requirements 
haven’t always been met. “We can 
show anyone who would like to tour 
our area that TVA has never strictly 
enforced their regulations against cer- 
tain operators”, says J. W. Bradley, 
President of a group called Save Our 
Cumberland Mountains. Bradley went 
on to describe how “with every turn of 
the dozer’s track and every bite taken 
by a large shovel, dragline, or front 
end loader, and by every blast of 
dynamite, we are furnished with more 
and more polluted water, fractured 
rock, loss of land and vegetation.” 
Clearly, whatever requirements are 
imposed, TVA has been responsible 
for supporting a vast amount of strip 
mining, a practice which some regard 
as being unacceptably destructive. 


Nuclear future 

Those are some of the factors which 
have led TVA to seek a nuclear future, 
but it has found that it has in some 
respects traded one type of problem 
for another. So far, TVA has com- 
pleted two of three units at the Browns 
Ferry nuclear plant, and four more 
units—at the Sequoyah Nuclear Plant 
and the Watts Bar Nuclear plant—are 
expected before 1980. All have experi- 
enced cost overruns, and the fire last 
year at Browns Ferry was a consider- 
able setback. Started by an electrician 
checking for air leaks with a candle, 


Watts Bar nuclear plant 
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the fire knocked out several safety 
systems, came close to causing a 
nuclear accident (how close is a matter 
of debate), and has so far shut down 
the plant for about 16 months. Accord- 
ing to Seeber, the fire has cost TVA 
about $100 million in repairs and lost 
time. 

TVA is, however, fortunate in one 
respect. There is little grass roots oppo- 
sition to nuclear power in the region, 
and there have been few delays caused 
by anti-nuclear groups forcing public 
hearings and challenging power plant 
plans in court. In part, the lack of 
opposition can be explained by the fact 
that the area has always been asso- 
ciated with nuclear power through the 
Oak Ridge National Laboratory, which 
provided the plutonium and enriched 
uranium for the Manhattan Project 
and which is still a major nuclear 
facility. 

Whatever the problems, TVA has so 
far shown no sign of backing off from 
its commitment to nuclear power. In 
fact, it has taken two steps to enhance 
its nuclear future. It is now investing 
heavily in uranium exploration in the 
Western states, with a view to securing 
uranium supplies. And it is a major 
partner in the liquid metal fast breeder 
reactor programme, providing some 
money and other support for the 
demonstration plant to be built at Oak 
Ridge. 


TVA domination 

Aside from the controversies over 
TVA’s energy planning, there’s one 
broad factor which seems to bother 
some people living in the Tennessee 
Valley. TVA’s operations are so exten- 
sive that it literally dominates much of 
the economic life of the region, and 
there seems to have developed a feel- 
ing that it has become a faceless 
bureaucracy unresponsive to local 
needs. The chief problem is that TVA 
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is a federal agency under the control, 
not of local legislative bodies, but of 
the US Congress 500 miles away. 
Until very recently, TVA has been 
held in such affection by most residents 
of the Tennessee Valley—particularly 
those with long memories—that the 


recent sharp increases in TVA’s elec- 
tricity rates in response to escalating 
coal prices have caused some aliena- 
tion and frustration because there’s no 
local body to which complaints can be 
addressed. The frustration was voiced 
on several occasions during last year’s 
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to colonialism, but few suggestions for 
improving the situation were voiced. 

Nevertheless, to most of the people 
in the region, TVA remains an instru- 
ment for economic progress. Certainly, 
few would deny that it has more than 
lived up to Roosevelt’s hopes that it 


remoteness of the control over the Senate hearings on TVA, the most pro- would reclaim the Tennessee Valley’s 
agency has been no problem. But vocative comment being the reference land and people. o 
US SPACE 


Biological business boom 





Sandy Grimwade reports from 
Washington on the progress of the 
Viking | experiments on Mars 


AFTER more than five weeks of practi- 
cally faultless operation the Viking 1 
Mars lander continues to send a 
wealth of geological, meteorological, 
biological, chemical and visual in- 
formation back to Earth. The only 
instrument which has failed to func- 
tion correctly is a set of miniature 
seismometers which remains locked in 
the safe landing position, despite 
efforts to free it. The other teams of 
scientists have, however, been kept 
busy by the sheer volume of informa- 
tion being supplied to them. 

Some of the most puzzling and to 
the general public most fascinating 
data have come from the three 
biology experiments and the related 
molecular analysis of the Martian 
soil. Although control and duplicate 
experiments—the sine qua non of all 
biological investigation—have not yet 
been done, speculation is rife as to the 
meaning of the results so far. The 
scientists involved are understandably 
cautious about delivering a yes-no 
answer to the question of life on 
Mars, when only a small portion of 
their programme is complete. The 
results so far are certainly not what 
would be expected if Earth-type 
Organisms were present, nor are they 
explicable in terms of “simple” non- 
biological chemistry. 

In the labelled release (LR) ex- 
periment, a mixture of “C-labelled 
nutrients in a small amount of water 
was added to a soil sample and in- 
cubated at about 15°C, which is 
35-135 °C warmer than the Martian 
surface temperature. The totally un- 
expected result showed a massive and 
rapid release of radioactivity into the 
gas phase—presumably as carbon 


monoxide or dioxide. The radioactive ¢ 
counts released reached 4,500 in 10% 
hours, levelling off after 48 hours at # 


about 8,500. A second dose of radio- 
active nutrients caused an initial burst 
followed by a drop in the released 
radioactivity, after which the graph 


almost flattened out for the remaining 
four days of the experiment. 

That “almost” is the tantalising 
part, because careful statistical ana- 
lysis revealed a possible trend of very 
slow accelerating release of radio- 
activity. Unfortunately, the exigencies 
of operating one’s laboratory by re- 
mote control across 200 million miles 
required the experiment to be stopped 
for performance of a control test with 
heat-sterilised soil. A later repetition 
of the experiment is planned with an 
incubation time of weeks or months 
rather than days. The results certainly 
do not look like anything one would 
expect from an Earth sample in the 
same situation. A chemical explana- 
tion involving oxidation of the labelled 
nutrients is at present the most 
popular explanation for the initial 
burst of activity. 

The possibility that the Martian 
soil contains active oxidising agents 
was strengthened by the result from 
the gas exchange (GE) experiment. In 
this experiment the soil sample is 
either humidified or wetted with a 
concentrated ‘“‘chicken soup” of amino 
acids, salts, vitamins and other 
nutrients, and the atmosphere is 
periodically monitored for changes in 
the concentration of gases by gas 
chromatography. The initial humidi- 
fying of the soil sample produced a 
remarkable release of oxygen which 
levelled off after several hours and 
remained stable for days. Wetting of 
the soil caused a rapid drop in the 





atmospheric CO», probably due to the 
formation of bicarbonate in the 
alkaline solution, and a slower drop in 
the oxygen, which is speculated to be 
due to oxidation of ascorbic acid 
which is present in the nutrients. At 
present, CO, is slowly being released 
into the atmosphere and the experi- 
ment is intended to continue for some 
time to see if any further changes 
occur. As the instrument is capable 
of detecting very small changes in 
hydrogen, methane, nitrogen and other 
gases, a wide range of possible bio- 
logical activities could be detected. 
The results of the GE and LR 
experiments are open to several more 
or less imaginative interpretations, 
and attempts are at present being 
made to duplicate the results in 
several Earth laboratories using simple 
catalysts and oxidising agents. The 
third experiment, the pyrolytic release 
experiment (PR), although perhaps 
the most complex technologically, is 
also the least equivocal when it comes 
to interpretation of the results. It is 
designed to detect the fixation of 
labelled carbon monoxi@e and dioxide 
in organic compounds. A sample of 
soil is incubated in a Martian atmo- 
sphere with added water vapour and 
irradiated with a simulated sunlight 
xenon lamp. After five days the 
sample is heated to 625 °C to pyrolyse 
organic compounds which are trapped 
as vapours, and to drive off unreacted 
CO and CO». This unreacted gas is 
passed through a radioactivity detector 
and forms the first ‘‘non-biological” 
peak. The organic vapour trap is then 
heated to 700 °C to release and oxidise 





Martian dune field 
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the remaining organic compounds 
which form the second, “biological” 
peak. 

With a sterile sample a peak ratio 
of about 500 to 1 would be expected. 
The result from the Martian soil was 
about 75 to 1 due to the high “bio- 
logical? peak. This is several times 
more active than non-sterilised soils 
from the dry valleys of Antarctica. 
The result from the control experi- 
ment with heat-sterilised soil is crucial 
in this instance, a high peak ratio in- 
dicating the possibility that biological 


USSR SPACE 


rather than chemical processes cap- 
able of fixing atmospheric carbon 
monoxide or dioxide in the presence 
of light are taking place in the soil. 
If life exists on Mars, this is what 
might be expected in the soil surface 
which is strongly illuminated and 
bathed in an atmosphere of about 
95% carbon dioxide. The biologists 
would be even more encouraged if 
organic compounds were detected in 
the Martian soil. 

Unfortunately, the initial run of the 
organic chemistry analysis was less 


Forward with the programme 


Vera Rich reports on the latest Soviet 
space missions 


“Soviet science considers the creation of 
orbital space stations with interchange- 
able crews as the main highway of man- 
kind into space. They can form ‘cosmo- 
dromes in space’, launch pads for flights 
to other planets. Large-scale scientific 
laboratories will arise for the investigation 
of space technology and biology, medicine 
and geophysics, astronomy and astro- 
physics.” 

So said Mr Brezhnev in a recent state- 
ment. The idea was by no means new; 
it is a fundamental tenet of all Tsiol- 
kovskii’s work that such a station 
would and must precede manned 
exploration of the moon and planets. 
There are, indeed, some indications 
that Soviet space planners have at 
times been prepared to consider the 
alternative of manned exploration 
direct from earth—the argument that 
a lunokhod-carrying automatic space- 
craft could carry out its survey work 
at “half the cost” of a manned 
mission, for example, suggests that the 
latter possibility had at least reached 
the costing stage. Now, the flight of 
the unmanned Luna 24 has repeated 
the task of Luna 16 by obtaining and 
returning with a sample of moon-rock, 
though from a depth of two metres and 
from Mare crisium, from which no 
samples had yet been obtained. Presum- 
ably present space plans still do not 
envisage cosmonauts venturing beyond 
earth orbit. 

Whatever the overall timetable of the 
Soviet Union’s space plan, though, 
many of the experiments now being 
conducted by the 7-week-old Salyut 5 
mission suggest that the concept of a 
permanently manned space station is 
still well to the fore. These latter ex- 
periments fall into three main groups: 
geophysical and astrophysical observa- 
tions, technological experiments and 
biological experiments. Of the techno- 
logical experiments, some are directly 
concerned with processes and techni- 


ques which would be required in the 
construction of a space station—notably 
the study of the behaviour of gases in 
liquids in space and, of some import- 
ance, a soldering experiment. Unlike 
the welding experiments of an earlier 
mission, the soldering, which uses a 
highly exothermal chemical reaction to 


produce the necessary heat, is aimed Z 


less at testing the cosmonaut’s dexterity 
than at investigating the process itself. 
The welded metal specimens are to be 
returned to earth for further investiga- 
tion of their structure. 

The emphasis has clearly shifted to 
the properties of materials treated 
under conditions of weightlessness. 
Other experiments include the growing 
of crystals (also to be returned to 
earth), and the cooling of molten 
metals—bismuth, lead, tin and cad- 
mium—to determine surface tension. 
These experiments will, of course, pro- 
vide data of considerable theoretical 
significance: crystals grown under 
weightlessness, for example, should be 
free of convection-induced defects, and 
should, it is hoped, provide valuable 
comparative data for crystallographers 
and geologists. It is significant, how- 
ever, that all these experiments are 
described in the official announcements 
as “technological”, suggesting that 
their practical importance should not 
be minimised. 

The medical problems of prolonged 
spaceflight are also receiving consider- 
able attention. Apart from such obvious 
parameters as muscle tone, cardio- 
vascular and respiratory performance, 
and loss of body weight—measured on 
the special ‘‘massometer”’—the medical 
programme includes special monitoring 
of the cosmonauts in a “vertical” posi- 
tion (however that is to be interpreted), 
tests on reaction time in performing 
complex operations and manual control 
(real or simulated) of the spacecraft 
(the simulated control presumably re- 
lates to possible emergencies), and even 
possible variations in taste. 
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than satisfactory due to the tempera- 
mental soil sampling boom which 
apparently failed to deliver a full load 
of soil to the gas chromatograph-mass 
spectrometer. No organic compounds 
were detected. A full soil load has 
now been obtained and a further 
analysis is being carried out. If organic 
compounds are not detected this 
would be a blow, though not a fatal 
one, to the concept of life on Mars, 
and would render interpretation of the 
three biology experiments more 
difficult. oO 





Before blast-off for Salyut 5 


Press comment on the medical pro- 
gramme suggests a growing concern 
over the psychological effects of pro- 
longed spaceflight. These would arise 
from a lack of external stimuli, the 
restriction of living space and general 
monotony—an aspect of spaceflight 
which will assume ever greater im- 
portance in future missions when the 
length of flight and the crew size in- 
creases. Aboard Salyut 5 are such 
simple prophylactics as recorded music 
(from folk to classical) and a varying 
make-up of the ration-packs. 

Commenting on the radiation 
safety system used aboard the 
Salyut craft, Ludvig Palmbakh of the 
USSR Institute of General Genetics 
stated that the protective measures 
used are “well adapted” for work near 
Earth, since, if solar radiation rises to 
danger level, the crew can be quickly 
evacuated and brought back. For deep- 
space missions, however, “more active” 
means of protection would probably be 
required, possibly involving the deflec- 
tion of high-energy particles by electro- 
magnetic fields. The design of such 
systems entails considerable technical 
difficulty, so the fullest possible in- 
formation is required both on the 
nature of the radiation and the actual 
hazard involved. The cytological and 
genetic experiments, using drosophila 
and hawksbeard, carried by Salyut 5, 
should provide further data on these 
hazards. Oo 
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Seabed hearings 


The dispute between Greece and 
Turkey over the Aegean seabed is due 
to receive a hearing at the International 
Court of Justice at The Hague this 
week. Greece is seeking to prevent the 
Turkish oceanographic research ship 
Sismik I from continuing its oil ex- 
ploration, and wants a ruling on the 
limits of the continental shelf. In New 
York at the latest round of the Law of 
the Sea Conference, meanwhile, Dr 
Kissinger is reportedly threatening 
unilateral action by the US over ex- 
ploitation of deep-sea minerals, on the 
regulation of which the conference has 
been deadlocked. 


Pesticide dumping 
In what Federal prosecutors in the US 
have described as the largest environ- 


YEARS ago, as a young father, I was 
often asked by my infant children for 
a bedtime story. On one such occa- 
sion, I gave a partially true account 
of a camping trip to a lonely spot 
where I was suddenly confronted, at 
dusk, by a ferocious animal, yellow- 
eyed and snarling. It was a wildcat! 
At this point in the narrative, the 
children screamed and hid beneath 
the covers. Soon they were sleeping 
soundly. Next evening, I asked what 
they wanted to hear in the way of a 
soporific monologue. The answer, to 
my surprise, was : The Wildcat Story. 
It was a best-seller for weeks. People 
love tales that make their flesh creep. 

As time went by, I recognised many 
versions of the wildcat story in scien- 
tific writings. Whether or not these 
are true, their common property is 
that they are entrancing because they 
are “scary”. One of the most fascinat- 
ing is the recombinant DNA story. 
My grandchildren are too ecologically 
sophisticated to be terrified by wild- 
cats. Perhaps I can startle them with 
an imaginary account of meeting up 
with a genetically-engineered E. coli 
cell. 

According to a recent news report, 
many inhabitants of Cambridge, Mas- 
sachusetts, are greatly worried by the 
possibility that “hot” E. coli cul- 
tures might escape into the sewers, 
nowadays called “the environment”. 
Carelessness in the laboratories of 
Harvard University and the Mas- 
sachusetts Institute of Techonology 
was named as a ceuse that might lead 
to this disaster, which could be ac- 
centuated by the decrepitude of the 
facilities at Harvard. It was said that 
George Wald has explained the 


mental case ever brought, the Allied 
Chemical Corporation last week pleaded 
nolo contendere on 940 counts con- 
nected with the dumping of the pesti- 
cide Kepone in the James River. Fish 
in the river and in Lower Chesapeake 
Bay (where an Allied Chemical barge 
containing 250,000 tons of sulphuric 
acid capsized last week) were found to 
contain Kepone. The corporation could 
now face fines of about $13 million. 


Coal gasification ‘option’ 

On the basis of a report it published 
last week, the UK National Coal Board 
(NCB) has decided not to resume, at 
least for the moment, applied research 
into underground coal gasification— 
the direct extraction of gases from coal 
seams burnt underground. The NCB 
identifies underground gasification as 


danger to the Mayor of Cambridge, 
Massachusetts, Mr Vellucci, who has 
been an advocate of converting Har- 
vard Yard into a parking lot. The 


Wildcat story 





THOMAS H. JUKES 





mayor was apparently a ready listener, 
this being a rare case of a progressive 
public official giving ear to erudite 
eloquence. Perhaps, with the Mayor’s 
attention diverted by colon bacilli, 
Harvard Yard may be saved. 

The incident is somehow typical of 
a shift in attitudes towards scientific 
discoveries. Once we were eager to try 
new things, and none would say us 
nay. Today, dangers are recognised 
even before they have been shown to 
exist. If penicillin had been discovered 
in the 1970s instead of the 1930s, it 


Nature Vol. 262 August 26 1976 





a realistic energy option, however, ant 
will continue monitoring international 
research efforts until costs—now put 
at 7-24 pence a therm—can be reduced 
to something nearer those associated 
with conventional mining techniques. 

Cooperation in an international pilot 
scheme costing £10-15 millions could, 
the NCB feels, become worthwhile 
within five years or so. Outstanding 
problems of underground gasification 
include the poor quality of the gases 
produced, the lack of control over sup- 
plies, and the danger of seepage to the 
surface or into mineshafts and ground- 
water. During the 1950s Britain was 
among the pioneers of underground 
gasification research, which is now led 
by Belgium, Canada, the USA and 


West Germany. The Soviet Union 
operates a small-scale commercial 
facility. 


would probably have been kept out of 
the hospitals after preliminary tests 
had shown it to be potentially aller- 
genic, and the testers had been sued 
for medical malpractice. 

Somehow I have a feeling that any- 
thing E. coli could do to us has 
already been done during the millions 
of years that this organism has lived 
in countless numbers within the in- 
testinal tracts of vertebrates. It has a 
set of genes that code for transfer 
RNA molecules. But these molecules 
have different base sequences from 
those in human tRNAs, although 
both sets of tRNAs function similarly. 
The differences indicate that the sets 
have evolved separately for hundreds 
of millions of years. Why has there 
been no mixing? Are all the trans- 
formations phenotypic? Would the 
new, human-tailored bugs take over 
the sewers? Or would they stand 
about as much chance as a hothouse 
orchid in a patch of good healthy 
ragweeds? 

If Mr Vellucci prevails, we are not 
likely to find out. I would be a bit 
peeved if I were a young bacterio- 
logist, being held back by the old 
guard who have made it to the top. 
However, many young scientists seem 
quite satisfied to join, or even to 
excel, the elderly prophets of doom. 

Now that Viking has landed, we 
can brace ourselves for an airing of 
the greatest of all wildcat stories. It 
seems that a capsule of unsterilized 
Martian soil came back to Earth, 
swarming with weird organisms that 
gobbled up atmospheric nitrogen. The 
first news we heard was that millions 
of people were dying east of the 
Urals. < 
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news and views 





Concentration factors and radiological protection 


from Pamela M. Bryant 


THE behaviour of plutonium in the 
environment is of topical interest 
especially in view of proposals in 
several countries of the world to em- 
bark on power programmes involving 
the use of fast breeder reactors. Know- 
ledge is currently expanding as a result 
of studies on plutonium present in the 
environment from nuclear weapons 
tests and disposal of wastes from 
nuclear fuel reprocessing plants From 
a knowledge of the levels of plutonium 
activity in relevant environmental 
materials it is possible to estimate the 
associated radiation exposure of 
humans. When that knowledge is suf- 
ficiently broad to quantify the behavi- 
our of plutonium in inter-related 
environmental materials, it is possible 
to predict the approximate level of 
radiation exposure of humans corres- 
ponding to the postulated additions of 
plutonium to the environment. 

In a paper in this issue of Nature 
(page 745) reporting the results of 
measurements of plutonium concentra- 
tions in the water of Kwajalein lagoon 
in the Marshall Islands, Noshkin er al. 
examine published data on plutonium 
concentrations in water and fish from 
nearby and distant locations. This 
examination leads the authors to con- 
clude that all the available data on 
plutonium in fish are seemingly incon- 
sistent and that, if the available 
Enewetak and Kwajalein data are cor- 
rect, the availability to all fish and 
invertebrates of plutonium, from what- 
ever source, depends more upon the 
type of environment than on plutonium 
levels in that environment. They state 
that such a conclusion would greatly 
affect future plans for discharging low 
activity transuramic wastes to the 
marine environment. They also say that 
it would force them to concede that 
the concept of a plutonium concentra- 
tion factor for fish (the ratio of the 
concentration of plutonium in fish to 
its concentration in the surrounding 
water) is meaningless. ‘ 

In a preliminary report .on levels 
of plutonium isotopes and “Am in 
various tissues in plaice from the north- 
eastern Irish Sea, Pentreath and 
Lovett (this issue of Nature, page 814) 


-not 
‘over *°-7°Py, They conclude that until 


include data on discharges of these 
nuclides from the nuclear fuel repro- 
cessing plant at Windscale, Cumbria. 
Plaice is a fish of commercial import- 
ance in the area; it is monitored re- 
gularly, as part of the established con- 
trol procedure of the Ministry of Agri- 
culture, Fisheries and Food (MAFF), 
primarily to ensure the radiological 
safety of the discharges in public health 
terms. Pentreath and Lovett comment 
that in view of the fluctuating dis- 
charges a steady-state burden will not 
exist for fish caught close to the pipe- 
line; thus, an accurate estimate of the 
concentration factor between fish and 
seawater cannot be made. The concen- 
tration factor would, in any case, de- 
pend on the location of the seawater 
sample and the movement of the local 
population of plaice. 

Yet another complication in the esti- 
mation of concentration factors is evi- 
dent from recent reports which suggest 
a preferential biological availability of 
Pu over Pu in terrestrial and 
aquatic organisms. The reports were 
noted with interest by Beasley and 
Fowler (page 813 of this issue of 
Nature) in a paper describing pluton- 
jum isotope ratios in polychaete worms. 
These authors found that these deposit- 
feeding marine ‘worms, living in sedi- 
ments contaminated with plutonium 
isotopes from a variety of sources, did 
preferentially accumulate 7*Pu 


the reasons for the disparities become 
clear general statements regarding pre- 
ferential biological availability of "Pu 
over 7°74°Py should be viewed cau- 
tiously 

The limitations of values for concen- 
tration factors between water or sedi- 
ments and marine organisms are well 
recognised by persons using them for 
prediction purposes in the field or 
radiological protection and carrying 
out research programmes connected 
with control procedures for waste dis- 
charges 

A basic policy applied to the control 
of radioactive discharges to the marine 
environment from nuclear establish- 
ments in the United Kingdom is that 
the government departments respon- 


sible authorise discharges at levels be- 
low those which correspond by cal- 
culation to the dose limits for the 
general public recommended by the 
International Commission on Radio- 
logical Protection (ICRP) The autho- 
rised limits are set on the basis of the 
need to do what is reasonably practic- 
able, having regard to cost, conveni- 


-ence and the national importance of 


the subject, to reduce doses far below 
the ICRP dose limits. The environ- 
mental consequences of such discharges 
of radioactivity are also borne in mind, 
although it is generally found that the 
public health considerations are more 
limiting than considerations relating to 
environmental resources. 

The first stage in determining dis- 
charge levels corresponding to ICRP 
dose limits, for example when a new 
discharge is being considered, involves 
modelling of the environmental path- 
ways likely to be of greatest import- 
ance. Such modelling seeks to estimate 
the long-term average level of radiation 
exposure, under steady-state conditions, 
corresponding to the postulated dis- 
posal practice. Where an element of 
doubt exists, pessimistic values of con- 
centration factors are used. In the early 
stage of an operation, discharge of no 
more than a small fraction of the level 
indicated: by this modelling is permit- 
ted; at this stage research additional to 
control monitoring is undertaken to 
check the predicted relationships. 

In the particular case of plutonium 
discharges from Windscale, monitoring 
is carried out by the MAFF Fisheries 
Radiobiological Laboratory of mat- 
erials which include the important 
elements of human food chains such as 
fish, shellfish and the edible seaweed 
Porphyra umbilicalis; as well as sea- 
water and sediment whose role as a 
“sink” for plutonium introduced into 
the sea is well recognised. The object of 
this study is to answer some of the 
questions posed by the introduction of 
a long-lived radionuclide into the 
marine environment. The expected 
results of this study include improved 
understanding of the concentration 
factors between environmental mat- 
erials in the region and their limita- 
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tions. Control of public health, how- 
ever, is exercised by the direct mea- 
surement of radioactivity in those en- 
vironmental materials responsible for 
human exposure; in the case of 
actinides discharged from Windscale 
the most important measurements con- 
cern plutonium and americium in the 
edible fraction of Irish Sea plaice taken 


from the sea area most liable to con- 
tamination. It is difficult to understand, 
therefore, why the uncertainty as to the 
validity of the concept of concentration 
factors for fish expressed by Noshkin 
et al. should lead to their conclusion 
that future plans for discharging low 
activity transuranic wastes to the 
marine environment would be affected. 


Enkephalin: the latest 


instalment 


from Leslie Iversen and Raymond Dingledine 





The 5th International Narcotic 
Research Conference was held in 
Aberdeen on July 19-22, 1976. 
The full proceedings of the meet- 
ing will be published by North- 
Holland in September under the 
title Opiates and Endogenous 
Opioid Peptides. 





Tue central effects of morphine and 
opiate-like drugs have been known for 
thousands of years,- but only in the 
past five years has real progress been 
made in understanding the actions of 
these drugs on the brain, or the signifi- 
cance of the existence of specific opiate 
receptors in normal brain function. 
The first catalytic breakthrough was 
the discovery by Pert and Snyder’ of a 
simple, sensitive assay for brain opiate 
receptors. Equally exciting was the 
report by Hughes et al. last December’ 
of the identification of two naturally 
occurring pentapeptides in brain— 
the enkephalins—whose properties 
mimic those of morphine, and this was 
the focus of attention: at the recent 
meeting in Aberdeen. 

Although the identification of the 
enkephalins has since been con- 
firmed’, it has also become apparent 
that there are several other, larger, 
naturally-occurring peptides that share 
similar pharmacological properties. 
Most of these peptides, now known 
generically as the “endorphins”, derive 
from the 9l-amino acid pituitary pep- 
tide 8-lipotropin. Thus several groups 
have now reported that a pituitary pep- 
tide corresponding to the C-terminal 
portion of 8-lipotropin (residues 61-91, 
known as C-fragment of lipotropin or 
B-endorphin) has morphine-like 
properties in various test systems*~°. 
Similar properties are exhibited by 
other naturally occurring fragments of 
B-lipotropin, for example the C- 
fragment (residues 61-87, also known 
as y-endorphin) and  a-endorphin 
(residues 61-767. Met-enkephalin 
(Tyr-Gly-Gly-Phe-Met) consists of 
residues 61-65 of 8-lipotropin, and all 





of the above peptides share this com- 
mon sequence at their N-terminal 
region. However, Leu-enkephalin 
(Tyr-Gly-Gly-Phe-Leu) does not seem 
to be derived from f-lipotropin, and 
there may be yet more morphine-like 
peptides still to be characterised. 
A. Goldstein (Stanford University) 
reported at the meeting that it seems 
unlikely that the B-lipotropin derived 
peptides can account’ for all of the 
opioid material extractable from pitu- 
itaries, and A. Wahlström (University 
of Uppsala) reported on an opioid pep- 
tide from human cerebrospinal fluid 
that appears to be chemically different 
from all known fragments of 
B-lipotropin. In „addition, C. Pert 
(National Institute of .Mental Health) 
reported that normal human blood 
contains a low molecular weight 
opioid, named ‘‘anodynin”, which is 
not an enkephalin*. The anodynin 
content of rat blood was abolished 
after hypophysectomy, strongly 
suggesting pituitary origin. i 
. All this is, to say the least, a little 
confusing. Are the pentapeptides in 
brain really the naturally occurring 
morphine-like substances? Should one 
perhaps regard the pituitary peptides 
and brain enkephalins as belonging. to 
completely different functional sys- 
tems; or could the enkephalins merely 


„represent breakdown products of the 


larger peptides? If so, it would be a 
unigue situation among peptide hor- 
mones for their precursor molecules to 
exhibit strong physiological activity, 
since the larger endorphins seem to be 
more potent than the enkephalins in 
most test systems. The enkephalins are, 
however, rapidly destroyed by pepti- 
dases in brain and other tissues’, and 
the metabolic stability of the larger 
endorphins may account for their 
dramatic .and prolonged pharmaco- 
logical actions. In support of this 
A. Pert (National Institute of Mental 
Health) reported that the simple 
chemical . derivative p-Ala?-Met- 
enkephalinamide, which has half the 
affinity for the opiate receptor of Met- 
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enkephalin but is resistant to 
enzymatic degradation, produced 
powerful long-lasting analgesia in rats 
when injected into the brain. Other 
synthetic analogues of the enkephalins 
that are metabolically stable were re- 
ported by D. Smyth (National Insti- 
tute for Medical Research, Mill Hill), 
and they seem likely to become useful 
research tools. 

A disappointing finding for interested 
clinicians was that prolonged treat- 
ment with the endorphins seems to in- 
duce tolerance and dependence, just 
like other opiates. The clearest evi- 
dence for this came from E. Wei 
(University of California), who 
reported that following the chronic 
infusion of very small amounts of 
B-endorphin or Méet-enkephalin into 
the brain (using an ingenious im- 
planted osmotic mini-pump), rats ex- 
hibited typical withdrawal signs when 
challenged with naloxone (see also 
ref. 10). ý 

Further progress in identifying cen- 
tral sites for the analgesic effect: of 
opiates was provided by H. Takagi 
(Kyoto University), who reported that 
microinjection of morphine into the 
nucleus reticularis gigantocellularis re- 
sulted in naloxone-sensitive analgesia 
and mimicked the inhibitory effect of 
systemic: morphine administration on 
spinal lamina V cells. H. Akil (Stan- 
ford University) demonstrated ‘that 
endorphin levels in rat' brain rise dur- 
ing a stress-induced analgesic state, and 
postulated that environmental situa- 
tions that activate the endogenous pain- 
inhibitory system’ may involve the 
opioid peptides. Of potential im- 
portance also is the recent finding by 
Simantov and Snyder” that enkephalin 
levels are increased in the brains. of 
morphine-tolerant rats. 

Many speakers described the close 
similarity between the actions of mor- 
phine and the endorphins in brain and 
peripheral targets. Thus the endorphins 
produce a naloxone-sensitive analgesia 
when injected into the brain (see also 
refs 13 and 14), have characteristic 
‘morphine-like actions on the guinea 
pig myenteric plexus and mouse vas 
deferens preparations, and _ display 
other behavioural opiate-like. effects 
such as catatonia in rats and locomotor 
activity in mice. In addition, all the 
endorphins displayed a respectable affi- 
nity for binding to opiate receptors, 
but here some curious anomalies were 
described. N. Birdsall (National Insti- 
tute for Medical Research) showed 
that the displacement by morphine or 
Met-enkephalin of a radiolabelled 
opiate agonist followed different kine- 
tics from their displacement of labelled 
antagonists (see also refs 15 and 16). 
Met-enkephalin was less effective in 
competing for binding sites for labelled 
naloxone than in competing for its 
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own binding sites in brain, and mor- 
phine was much less potent in compet- 
ing for labelled enkephalin binding 
sites than in displacing ‘H-opiates. 
These differences might be explained 
by multiple receptor conformations”, 
but H. Kosterlitz (University of Aber- 
deen) proposed the existence of a 
family of opiate receptors, on the basis 
of the binding anomalies and variations 
in rank order of potency for a series of 
opiates when tested in different peri- 
pheral assays. 

In terms of cellular responses it was 
clear that the enkephalins closely 
mimic morphine. Thus, B. Hamprecht 
(Max-Planck-Institut fiir Biochemie, 
Martinsried) found that very low con- 
centrations of enkephalin stimulate 
cyclic GMP formation in cultures of 
neuroblastoma X glioma cells, and 
W. Klee (National Institute of Mental 
Health) that enkephalins inhibit basal 
and  prostaglandin-stimulated cyclic 
AMP formation in the same cells (see 
also refs 18 and 19). K. Minneman 
(University of Cambridge) reported a 
similar stimulation of cyclic GMP 
formation by morphine and the enke- 
phalins in slices of rat striatum, 
although high concentrations of the 
peptides were needed because of their 
metabolic instability”. Several groups 
have studied the responses of single 
neurones in different brain regions to 
iontophoretically applied enkephalin, 
and in general these peptides mimic 
the inhibitory actions of morphine”, 
although specific excitatory actions 
have been observed on Renshaw cells”. 
Intracellular records from spinal inter- 
neurones and® motoneurones by W. 
Zieglgansberger (Max-Planck-Institut 
für Psychiatrie, Munich) suggested 
that the inhibitory effect of morphine 
and enkephalin may be due to 
blockade of ionic conductance at 
chemically excitable Na* channels, an 
hypothesis similar to that of Snyder’s 
group’. Intracellular recordings from 
morphine-sensitive neurones in the 
myenteric plexus by R. North (Loyola 
University) however, showed that at 
this peripheral site opiates may hyper- 
polarise cells by causing an increase in 
membrane conductance. 

Several other new pieces of informa- 
tion relevant to understanding the pos- 
sible physiological function of the 
endorphins were presented. R Siman- 
tov (Johns Hopkins University) and J. 
Hughes (University of Aberdeen) found 
that the regional distribution of 
enkephalin in brain is similar to that 
of the opiate receptor itself: with high 
levels, for example, in corpus striatum 
and hypothalamus and negligible 
amounts in the cerebellum. Hughes 
also described a calcium-sensitive 
release of enkephalin-like material 
from brain synaptosome preparations in 
response to depolarising concentrations 
e 


of potassium. Progress in discovering 
possible “endorphinergic” synapses will 
be aided by two other technical devel- 
opments: the autoradiographic map- 
ping of the anatomical distribution of 
opiate receptors (reported on by M. 
Kuhar, Johns Hopkins University), 


and the mapping of possible endorphin-, 


containing neuronal pathways in the 
brain by immunohistochemistry. The 
latter method has recently been suc- 
cessfully applied by T. Hokfelt and 
reported at the Collegium Inter- 
nationale Psychopharmacologium meet- 
ing in Quebec last month. Further in- 
stalments of this bulletin may be 
expected before long! 
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Farmington: 
an Apollo meteorite 


from David W. Hughes 


FARMINGTON Township, Washington 
County, Kansas, is famous, at least to 
meteoritisists, as the place where an 
L5 chondrite fell to ground in June, 
1890. The meteorite itself is famous 
because it has a uniquely short cosmic- 
ray exposure (or “radiation’’) age, 
having left its parent body a mere 
25,000 years ago. This latter fact is 
most significant because it means that 
the orbit the meteorite had as it inter- 
sected the Earth was its original orbit, 
the one it obtained immediately after 
release from its parent body. This orbit 
therefore gives a direct clue to its place 
of origin. 

Meteorite ages are obtained by look- 
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ing at the accumulated spallation pro- 
ducts and nuclear tracks produced in 
the body of the meteorite due to the 
penetration of galactic cosmic rays. 
This irradiation usually begins as soon 
as the meteorite is ejected from its 
parent body, so the radiation age equals 
the transit time between that body and 
Earth. On average this is 10’ years. 
Now every time a meteorite passes 
close to a planet its orbit changes, and 
a pass as far away as 10 planetary 
radii will alter the direction of motion 
of the meteorite by a few degrees. 
Opik (Adv. Astron. Astrophys., 4, 301; 
1966) calculated that this happens 
about every 510° yr so Farmington, 
which had had a separate existence in 
the Solar System for a twentieth of 
this time, was most probably on its 
pristine, unaltered orbit. This would 
differ slightly from the orbit of the 
parent body because of the random 
velocity given to Farmington on 
ejection but as this velocity is generally 
less than a few hundred metres per 
second the change is only marginal. So 
with Farmington (and Farmington 
alone, as other meteorites have been in 
the Solar System much longer and 
have greatly altered orbits) there is a 
real chance of finding out exactly where 
it came from. To do this its orbit has to 
be calculated and Boris Levin and Alla 
Simonenko (Academy of Sciences of 
the USSR, Moscow) and Edward 
Anders (University of Chicago) have 
done just this in a recent paper in 
Icarus (28, 307; 1976). 

They enlisted the help of the Kansas 
and Nebraska Historical Societies who 
diligently went through 280 different 
newspapers from 91 counties published 
around June, 1890, looking for reports 
of the fall. Thousands of people over 
a 300X300 km area saw the bolide and 
144 news items appeared in the press. 
There were many vivid descriptions: “a 
bright meteor passed swiftly to the 
north-west and burst into glittering 
fragments high in the air”; “it was a 
ball of fire as large as a table. It had a 
trail like a comet and it wobbled like a 
kite”; “its path could be discerned by 
the smoke that followed it”. To some it 
sounded like the firing of a cannon, to 
cthers it had a “Jong rumbling rolling 
noise like thunder”. Close to the impact 
point the ground shook just as in an 
earthquake. The most startled person 
was a Mr J. H. January who was 
“breaking the prairie sod’ when the 
85kg meteorite fell almost vertically 
some 150m in front of him and made 
a hole with nearly vertical sides. 

None of these descriptions of the 
Farmington bolide contains any quanti- 
tative data on the azimuths and angular 
heights of the beginning and end points 
of the fireball. But near the point of 
fall anyone seeing the meteorite would 
be looking along the trajectory and the 
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fireball would appear to be stationary 
and in the direction of the apparent 
radiant. Just such an effect was 
observed from Washington, Kansas, 
7.1 km south of Farmington where the 
meteorite was also seen to be just 
below the Sun. The explosion and 
extinction happened after the passage 
over Washington, at an end height of 
about 10km. The zig-zag course re- 
ported by some people near Washing- 
ton was due to a physiological effect. 
The eye can only follow a moving 
object if its angular velocity is less than 
30°s"*. At greater velocities the eye 
pursues the object in jumps (the so- 
called saccadial movement). As this 
jumping was seen, the object must have 
been moving at about 5kms™ or 
somewhat slower. 

Combining all the observations, 
Levin, Simonenko and Anders conclude 
that the apparent radiant was 20° west 
of south at an azimuth of 60°, giving 
Farmington a very steep trajectory 
through the atmosphere. The beginning 
and end heights were very similar to 
the Pribram and Lost City meteorites 
(98, 87 km and 13, 17 km respectively), 
the only other two meteorites to have 
known orbits (these being obtained 
from photographs taken from networks 
of cameras). The pre-atmospheric 
velocity must have been in the range 
11.3 to 22km s™. The lower bound is 
the Earth’s escape velocity, the upper 
one being due to the fact that meteors 
moving faster than 22kms™ suffer 
complete ablative destruction. Using 
velocities in this range and the apparent 
radiant position obtained from the eye- 
witness reports the authors calculate a 
set of pre-collision orbits for the 
meteorite. They find that the meteorite 
struck the Earth at the ascending node 
of its orbit (2=275°) and that the 
orbit had a small semi-major axis (be- 
tween 1 and 1.3a.u.) and a low in- 
clination (5 to 10°). The eccentricity 
was around 0.21 and the argument of 
perihelion between 240 and 270°. The 
aphelion was at 3.0 a.u., in the densest 
part of the asteroid belt, and the peri- 
helion could not have been less than 
0.4 a.u. (interestingly chemical analysis 
showed that *He and ‘He had not been 
lost by the meteorite during its lifetime 
supporting the argument against a 
small perihelion). Fortunately all these 
results are insensitive to errors in the 
apparent radiant. 

The facts point towards Farmington 
being a fragment from the collision 
between an Apollo asteroid and some 
other meteorite or asteroid. The 
Apollos are a short lifetime (10’—10° yr) 
group of asteroids which have Earth- 
crossing orbits. They are thought by 
some to be too rare to provide all the 
stony meteorites. If they do, then the 
undiscovered Apollos should exceed the 
known Apollos by one or two orders 


of magnitude. 

Of the 11 known Earth-crossing 
asteroids with encounter velocities 
below 22 km s~, Hermes, 1862 Apollo 
and 1865 Cerberus have orbits which 
fall within the error limits of the 
Farmington orbital elements, however 
none can be singled out definitely as 


“the parent body. The uranium-helium 


age of Farmington is 5.5X10* yr 
(Heymann, Icarus, 6, 189; 1967) in- 
dicating that it was reheated exten- 
sively, as were all L chondrites, in the 
collision that broke up the parent body. 
This collision must have involved an 
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unusually large projectile which de- 
posited more energy per unit mass than 
a typical cratering event. The remnasts 
of the body could comprise a highly 
fragmented Hirayama or Flora family 
with a steep mass distribution. 

So amidst a plethora of theories con- 
cerning asteroidal origin Farmington’s 
place of birth seems to be known and 
was most probably an Apollo asteroid, 
this fact coming to us by courtesy of 
the careful scrutinising of the 1890 
files of such worthy papers as the 
Atchison Patriot, the Omaha Daily Bee 
and the Wymore Weekly Wymorian, 


EMBO ribosome workshop 


from Richard Brimacombe 


The fifth EMBO workshop on ribo- 
somes took place in Brussels from 


August 2-6, 1976 under the organi- 
sation of Dr Alex Bollen of the 
Université Libre de Bruxelles. 





THE ever-increasing complexity of 
ribosomology was reflected in the large 
number of participants (about 150), but 
the meeting was also characterised by a 
notable change of emphasis in the range 
of topics discussed, which was largely a 
result of the increasing contribution of 
chemical and physicochemical studies 
to the subject, at least in the case of 
prokaryotes. Progress over the past 
two years was summarised in the open- 
ing lecture by the organiser of the pre- 
vious EMBO meeting (C. G. Kurland, 
Uppsala University), who laid parti- 
cular stress on the developments in 
physical chemistry, which has become 
not only concerned with the structural 
aspects of the ribosome problem, but 
is also beginning to be concerned with 
the question of the specificity of the 
translation process in terms of kinetics. 

One of the physicochemical methods 
now being used successfully to investi- 
gate ribosome structure is neutron 
scattering: results obtained with this 
technique were presented by P. Moore 
(Yale University), who, by making re- 
constituted ribosomes containing two 
deuterated proteins, has been able to 
estimate the distances between centres 
of mass of a number of pairs of pro- 
teins within the E coli 30S subunit 
The techniaue also indicates that many 
proteins are far from spherical in shape. 
Neutron scattering gives information 
about the overall shape and size of the 
subunits, and has been used in addi- 
tion to probe the distribution of RNA 
and protein within the subunits: it 
seems that the central cores of the 
subunits are rich in RNA, particularly 
in the case of the 50S, whereas the 


surface regions are richer in protein 
(M. Koch, University of Louvain). 

The neutron data are not yet suffi- 
ciently advanced to be compared in 
detail with the data from another very 
topical technique—the direct electron- 
microscopic demonstration of protein- 
specific antibodies bound to the 
ribosome surface. This method has pro- 
duced two models of the E. coli ribo- 
somal subunits, one of which was 
presented by G. Stéffler (Berlin) and 
the other by J. Lake (University of 
California, Los Angeles). Both pro- 
tagonists arrived armed with an 
impressive array of hideously-coloured 
plastic ribosomal sculpture, and there 
was some lively discussion of the 
differences between th® two models, 
which rather tended to obscure the 
fact that despite these differences there 
is substantial agreement, with regard 
both to the overall shapes of the sub- 
units and to the details of the protein 
arrangement. In particular, there can 
now be no doubt that many proteins 
have very irregular and elongated 
shapes within the ribosome. 

Physical chemistry is now being 
applied to the kinetics of the trans- 
lation process. Ten years ago the 
question of codon-anticodon recog- 
nition did not seem to be a problem, 
but now it is by no means simple when 
considered in detail (J. Ninio, Paris; H. 
Grosjean, Brussels). The crux of the 
matter seems to be the degree of 
“stickiness” of the interaction between 
a codon and a potential anticodon; the 
correct anticodon will have a longer 
sticking time, and thus more chance of 
leading to amino acid incorporation, 
than an incorrect anticodon. The ribo- 
some therefore needs to have time to 
make up its mind what to incorporate, 
an idea supported by some results from 
A. Spirin (Poustchino), who showed 
that. stimulation of the rate of the 
translocation process by addition of 

e 
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Mercury’ s magnetic field 


en origin of Mercury’s magnetic field 
has recently become a subject of con- 
siderable research interest. Still debat- 
able is whether the dipolar field (less 
than a thousandth of that on Earth) 
comes from a currently active dynamo 
or is a relic of earlier fields (or, of 
course, is some combination of these). 
We wish to take up some of Peter 
Smith’s points in an earlier News and 
Views article (Nature, 260, 578; 1976) 
on this subject. 

If the field observed comes from re- 
manent magnetisation only, the first 
question that has to be decided is down 
to what depth this magnetisation exists. 
Mercury’s core, if not generating a 
magnetic field, would probably still be 
above the Curie point (Solomon, Icarus 
(in the press)), so it is reasonable to 
think only of a shell of material‘ with 
modest magnetic susceptibility. Gold- 


stein (Nature, 258, 175; 1975) showed 
that a dipole moment results, in gen- 


eral, in such a shell after it has been 
magnetised in the field of an internal, 
now extinct, dipole. Stephenson, in a 
quantitative analysis of the problem 
(Earth planet. Sci. Lett., 28, 454; 1976) 
obtained an ancient surface polar field 
of less than 10 Oe only if the volume 
percentage of: iron in rocks of a 
243 km-thick mantle were 5%—more 
than a hundred times the typical value 
in lunar basalts. No-support for such 
an anomalously high iron content 
comes from the Mariner 10 photo- 
metric observations (Hapke, er al., 
geophys. Ræ., 80, 2431; 1975). Srnka 
has recently carried out a similar, 
though more detailed calculation 
(EØS, 57, 271; 1975), from’ which he 
concludes that an ancient surface field 
of about 16 Oe was required along with 
a volume percentage of iron of about 
3.0%. We currently believe that on the 


GTP caused a concomitant increase in 
miscoding rate. 

Another novel feature of this meet- 
ing was the devotion of a whole day to 
the question of ribosomal genetics. 
Large numbers of new mutant ribo- 
somal proteins were described, which 
should prove useful in both genetic and 
functional studies, and some very 
impressive work on the ordering of 
individual genes within the E. coli 
chromosome was reported by S. 
Jaskunas and L. Lindahl (University of 
Wisconsin) Transducing phages: carry- 
ing segments of bacterial DNA were 
isolated and the genes these contained 
could be identified using a DNA- 
dependent cell-free protein-synthesising 
system. The arrangement of the genes 
within the DNA segments was analysed 
with the help of restriction enzymes, 


basis of this work, the remanent 
magnetisation hypothesis for the field 
is not a likely one. 

_We admit that these calculations 
could be significantly modified; Solo- 
mon, for instance has pointed out that 
if the segregation of metals from sili- 
cates is incomplete in the mantle and 
crust of Mercury, the resulting in- 
creased thermal conductivity could lead 
to a thicker shell below the Curie tem- 
perature, somewhat reducing the re- 
quired magnitude of the ancient 
magnetising field. Furthermore, if the 
iron content were as high as Stephen- 
son assumes, then ferromagnetic effects 
might dominate. 

There are, on the other hand, addi- 
tional difficulties for remanent magnet- 
isation models; among them is the 
observation of Murray et al. (J. 
geophys. Res, 80, 2508; 1975) and 
others, that craters such as the Caloris 
basin must have modified the planetary 
structure to depths greater than 100- 
200 km, approximately the thickness of 
the shell in which remanent magnetisa- 
tion would be acquired. Cratering could 
thus severely disrupt any extant’ mag- 
netisation pattern (Wasilewski, Moon, 
9, 335; 1974). 

The other major alternative is a cur- 
rently active dynamo for which a 
necessary but not sufficient requirement 
is a molten core—what evidence do we 
have for this? Solomon and others 
have pointed out that, cosmochemical 


J. models not including a substantial heat 


source predict core solidification within 
about 1 billion years after infall. That 
would result in a contraction of 
Mercury’s radius of some 18km 
(Solomon, op cit.), which is nôt ob- 
served—indirect evidence that a molten 
core may exist. Proposals for heat 
sources include the retention of some 


and genes for rRNA,- several factors, 
and many ribosomal proteins have at 
least been partially ordered in’ this 
manner. 

Activity in these new areas meant 
that less time than usual was available 
for discussion of the more traditional 
aspects of ribosomal research. Little 
was heard in-Brussels on the primary 
structures of ribosomal proteins and 
RNA, in order to avoid repetition of 
the extensive reports in this field which 
had been presented at the International 
Congress in Hamburg during the pre- 
vious week. A number of delegates 
described protein-protein cross-linking, 
RNA-protein cross-linking and affinity 
labelling results, and here the picture 
of the E coli ribosome is becoming 
more and more complex. This is an 
obvious consequence of the irregularity 
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U and Th in the core after differentia- 
tion; the presence of about 156 p.p.b. 
K; presence of elements such as S in 
the core, which would lower the solidus 
temperature; and models which dis- 
tribute the gravitational heating over 
more of the planet’s history. 

Finally, there is the remote possi- 
bility that the field of Mercury is due 
to remanent magnetism from an exter- 
nal source field. Sharpe and Strang- 
way (Geophys. Res. Lett., 3, 285; 1976) 
propose a cool model in which a 
100km shell of a few per cent iron 
cools rapidly below 800°C in a field 
cf some 10 Oe. In their calculation, 
they suggest that if Mercury accreted 
cold (at about 300K; as opposed to 
1,200 K which is usually used as the 
base temperature) the present-day field 
could result from fossil remanent mag- 
netisation retained in the inner half of 
the planet. 

Peale, in this week’s Nature (page 
765), proposes an experiment which 
would contribute to a solution of the 
origin question. The dynamical be- 
haviour of Mercury will be slightly 
affected by the existence of a liquid 
core; measurements of the amplitude of 
libration in longitude, the obliquity to 
the ecliptic and two functions of 
moments of inertia should suffice. None 
of these measurements would be easy— 
the last two would require tracking of 
artificial satellites, the first two would 
require the establishment of some form 
of astronomical observatory on Mer- 
cury. 

The origin of Mercury’s magnetic 
field will probably not be resolved 
without additional visits to the planet. 


M. L. GOLDSTEIN 
N. F. NEss 
P.. J. WASILEWSKI 





of the protein shapes; as long as it was 
possible to think of the ribosome as a 
neat array of ping-pong balls, it was 
sufficient to identify which proteins 
were involved in a cross-link or affinity 
label experiment. Now that the ribo- 
some has become a plate of spaghetti, 
researchers will be forced to push the 
analysis one stage further and identify 
the amino acid residues within the pro- 
teins which are involved in the reaction 
in order to be able to interpret the 
results fully, and this is not an easy 
task. For the same reason, the func- 
tional investigation ‘of the E. coli ribo- 
some has become more complex; more 
and more proteins are becoming impli- 
cated in each individual ribosomal 
function, and active participation of the 
rRNA is also now being frequently in- 
voked, although here there is a notable 
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lack of hard evidence. Nevertheless, 
various promising experimental ap- 
proaches were reported, which should 
in due course converge on a clearer 
understanding of ribosomal function. 
Finally, the eukaryotes had a short 
session to end the meeting. This ses- 
sion did not really do justice to the 
large amount of work now being done 
on the eukaryotic ribosome, which, 
roughly speaking, has reached the stage 
at which the E. coli work stood four 
years ago, in that (for example) ribo- 
somal proteins are being isolated and 
characterised. Perhaps for this reason, 
the eukaryotic research seemed decep- 
tively simple and straightforward at the 
moment, although the present state of 
the E coli ribosome can leave nobody 
with any illusions as to what lies ahead 
in the eukaryotic field. o 


Familial 
dysautonomia 


from Felicia Axelrod, Thomas W. Mittag 
and J. P. Green 


The Familial Dysautonomia Founda- 
tion sponsored a conference on 
familial dysautonomia and related 


diseases at New York University 
Medical Center on May 14, 1976. 





FAMILIAL dysautonomia is a rare auto- 
somal recessive disorder characterised 
by specific dysfunctions in the auto- 
nomic nervous system and the sensory 
nervous system. Prominent manifesta- 
tions include postural hypotension; 
excessive sweating; diminished percep- 
tion of pain, temperature, hypoxia, and 
taste—the last associated with an 
absence of fungiform papillae in the 
tongue. The corneal reflex is absent 
and the deep tendon reflex diminished. 
After intradermal injection of hista- 
mine, the axon flare, one of Lewis’s 
triple responses, does not occur. The 
patients can cry but there are no over- 
flow tears because the lacrimal glands 
function poorly. Methacholine restores 
the tendon reflex and the histamine 
response and stimulates the lacrimal 
gland, but conscientious symptomatic 
and supportive therapy is the only 
means to prolong life. 

An unusual characteristic of the 
disease is that some organs show super- 
sensitivity to sympathomimetic and 
parasympathetic agents, as though 
denervated. A diminished number of 
unmyelinated nerve fibres as reported 
by A. A. Aguayo (McGill University) 
can account for some of these signs 
and symptoms. Similarly, J. Pearson 
(New York University) reported that 
dorsal root ganglia and sympathetic 
ganglia show a reduced number of 
normal neurones and the sympathetic 


ganglia contain a large number of cells 
resembling undeveloped neuroblasts. 
Additional evidence of peripheral nerve 
defects was presented by N. Grover- 
Johnson (New York University) who 
showed that blood vessels have a dimin- 
ished number of autonomic nerve end- 
ing in these patients. By contrast the 
parasympathetic gangha (ciliary and 
submaxillary) appear normal under the 
Microscope (Pearson) even though it 
has long been known that in dysauto- 
nomic patients parasympathetically 
innervated structures such as the iris 
and lacrimal gland are supersensitive 
to parasympathomimetic drugs. E. 
Krikun and A. A Smith (New York 
Medical College) presented evidence 
that an isozyme of choline acetyltrans- 
ferase was deficient in the basal ganglia 
of a patient dying of the disease, sug- 
gesting a basis for the parasympathetic 
defect. The apparent developmental 
arrest of unmyelinated axons and 
certain sympathetic neurones in 
familial dysautonomia led to investiga- 
tions into a’ possible defect in nerve 
growth factor or other trophic factors. 
F. B. Axelrod (New York ‘University) 
reported that nerve growth factor 
activity in the serum of these patients 
was within the normal range when 
measured by bioassay (the ability to 
stimulate growth of chick ganglion cell 
dendrites), Yet a recent report (Rogers 
et al., Pediatric Res., 9, 384; 1975 
(Abstr. 764)) showed greater than 
normal concentration of the -subunit 
of nerve growth factor in dysautonomic 
serum, measured by radioimmunoassay, 
but normal activity by bioassay. It was 
suggested (T. W. Mittag, Mount Sinai 
School of Medicine) that one possible 
explanation of this paradox is that 
patients have, in addition to the normal 
nerve growth factor, an abnormal 
nerve growth factor inactive in the 
chick bioassay but detectable by 
radioimmunoassay, which interferes 
with the action of normal nerve growth 
factor on human cells. There was gen- 
eral agreement that continuing studies 
of trophic factors that regulate the 
growth and development of autonomic 
and sensory nerves could be fruitful, 
perhaps leading to treatment and to 
prenatal diagnosis. 

Although the disease is almost exclu- 
sively restricted to Ashkenazi Jews (in 
whom its frequency is 1 in 10,000) it 
was reported that some of the same 
signs and symptoms are present in 
other diseases such as idiopathic 
orthostatic hypotension (I. B. Black, 
Cornell University Medical College and 
A. Rubenstein, Mount Sinai School of 
Medicine) and diabetes mellitus (N. 
Grover-Johnson). ‘The New York 
University group also reported that 
75% of dysautonomics showed patho- 
logical changes in the renal glomeruli. 

An understanding of the cause of 
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familial dysautonomia will provide in- 
creased understanding of the develop- 
ment of the autonomic and sensofy 
nervous systems. And, in turn, progress 
towards understanding the molecular 
basis of familial dysautonomia could 
come from investigations of other 
diseases manifesting autonomic dys- 
function such as idiopathic orthostatic 
hypotension and diabetes mellitus. 


A hundred years ago 


In connection with the general intro- 
duction of the now celebrated Liberian 
coffee plants into most of the coffee- 
producing countries, as noticed by Dr. 
Hooker in his recently issued report 
on Kew Gardens, we may draw atten- 
tion to what our consul says on the 
decrease of the production of coffee in 
Cayenne The kind there cultivated is 
the Mocha, which at one time was an 
important staple of the colony, the 
country being especially adapted for its 
cultivation. This valuable product of 
Cayenne, although temporarily aban- 
doned, is not lost to the world; the 
trees continue to thrive in a wild state, 
and may be reclaimed hereafter There 
are thousands of coffee trees inter- 
spersed in the forests of the inhabitable 
part of the colony which have been 
abandoned for years. They attain a 
height of about fifteen or sixteen 
feet, with a circumference, a few feet 
from the ground, of thirty inches; fhey 
are rich in foliage, but do not bloom. 
The coffee tree also appears to be safe 
from the ravages of insects, whereas 
many other trees suffer® vitally from 
this evil. 


- THE proposal to submerge a portion 
of North Africa by means of a canal 
from the Gulf of Gabes, letting the 
water of the Mediterranean westwards 
over the lake region of Djerid, seems 
from the facts detailed by MM 
Roudaire and Dupuis to be not only a 
practicable, but also likely to turn out 
a remunerative undertaking. Owing to 
the comparatively small area it is pro- 
posed to submerge, the meteorological 
changes which the submersion would 
occasion can only be slight, strictly 
local, and altogether beneficial in their 
general tendency—differing absolutely 
in all these respects from the meteoro- 
logical changes which would result 
from the submersion of the western 
portion of the Sahara, proposed some 
time ago. From this latter project it 
would follow, owing to the great extent 
of the water surface which would thus 
overspread the Western Sahara, and its 
proximity to the Atlantic, that the 
present disposition of the lines of atmo- 
spheric pressure would be seriously 
altered, a result necessarilv attended 
with changes in the prevailing winds 
and and currents of the North Atlantic, 
seriously affecting international in- 
terests in a manner which our present 
knowledge does not enable us in any 
way accurately to predict. 


from Nature, 14, August 24, 361; 1976. 
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The distribution of stars 


around a massive black hole 


Stuart L. Shapiro & Alan P. Lightman 


Centre for Radiophysics and Space Research, Cornell University, Ithaca, New York 14853 


The stellar density distribution around a massive black 
hole at the centre of a spherical star cluster is determined 
from a simple scaling argument. The distribution is obtained 
by examining the net diffusion timescales associated with 
‘star and energy transport in a spherical, N-body system 
in dynamic equilibrium. The same analysis is also used to 
determine the stellar density profile in the halo of a star 
cluster. The approximate distribution obtained here for a 
relaxed, N-body system with (or without) a central, massive 
black hole agrees qualitatively with the results of detailed 
numerical calculations. 


THE suggestion’? that accretion on to a massive black hole 
(M ~ 103Mo) might be responsible for the X-ray emission 
observed from globular clusters has stimulated new interest 
in the dynamical consequences of a collapsed object at the 
centre of an N-body system. Some confusion has arisen, 
however, concerning the resulting steady-state, stellar dis- 
tribution near the black hole. In his pioneering analysis* 4, 
Peebles used ‘a simple scaling argument to suggest that the 
stellar density varied as 
e 


nr) ~ ma(rf[ra) 4, 


in the region r, < r < ra. Here na is the central density of the 
isothermal cluster core, 


‘ ~ GMK y»? > 


is the ‘capture’ radius within which core stars with velocity 
dispersion < y? > are bound to the black hole of mass M, and 
rt <ra is the radius at which stars tidally disrupted by the 
black hole. All stars are assumed to have the same mass, m, 
with m KM & M., where M, is the total cluster mass. 


Recently, more detailed calculations (J. Bahcall and R. Wolf, ' 


unpublished; A. P. L. and S. L. S., unpublished) have indicated 
that the appropriate density law near the black hole is more 
aptly described by the relation 


n(r) ~ na(r/ra)—™* 


where the magnitude of the exponent decreases slowly with 
decreasing r because of the’ consumption of low angular 
momentum stars (A. P. L. and S. L. S., unpublished; J. Frank 
and M. J. Rees, unpublished). ` 

Here we use a simple scaling argument to obtain the approxi- 
mate density law n(r) œ r-7/4 and provide a simple explanation 
for the discrepancy between our derivation and the original 
argument suggested by Peebles. In particular, we emphasise 
the distinction and general inequality between the net energy 
diffusion timescale and: the net particle diffusion timescale in 
an N-body system in dynamic equilibrium. We use the same 


analysis to determine the density distribution in the cluster 
halo surrounding the isothermal core. (The halo solution 
appliés whether or not the cluster contains a black hole.) 
Thus, by careful delineation and the appropriate use of the 
two different timescales mentioned above, we obtain, in a few 
lines, the approximate stellar density distribution throughout a 
relaxed, spherical, N-body system containing a central black 
hole. As becomes evident, the analysis applies equally to any 
sufficiently massive compact object (for example, a super- 
massive star) at the centre of a star cluster. 


Diffusion timescales in N-body 
systems in dynamic equilibrium 
As a conservative, N-body system of identical point stars 
(mass m) approaches equilibrium stochastically through mutual 
gravitational encounters, stellar velocities change, and thus both 
energy and angular momentum are exchanged, on a relaxation 


timescale 
Ír ~ <y> 2/(G?m?n). 


If the entire stellar system wete confined in a spherical container 


with perfectly reflecting walls, the system would achieve 
thermal equilibrium with no net flow of stars or energy out of 
the system. (Here we assume that the container radius is 
sufficiently small that the ratio of the central density to the 
density at the wall < 709. In this case the equilibrium is 
stable, ‘and runaway evolution through the ‘gravothermal 
instability’ will not occur (see refs 5, 6).) If, however, the 
system is not confined by rigid walls and if, in addition, there 
exists a star ‘sink’ at its centre (for example, a black hole), 
significant departures from thermal equilibrium will exist near 


` the centre and in the outer halo of the stellar system. The 


steady-state behaviour of the cluster in these distinct, non- 
thermal regions will be one of dynamic equilibrium, charac- 
terised by a constant net flux of stars and energy out of the two 
regions. As energy is continually exchanged between stars, a 
given group of stars occupying the radial zone between r and 2r 
in a non-thermal region will be scattered out of the zone in a 
time tp. The timescale associated with the net diffusion of stars 
(or energy) across a sphere at r may, however, be considerably 
longer, since stars (and energy) from neighbouring radial zones 
are scattered into the zone between r and 2r in roughly the same 
timescale, tg. Clearly, no physical quantity can be transported 
from one zone to the next on a net rate exceeding ~ tg. Only 
by examining the boundary layers of a given non-thermal 
region can one determine the net flux of stars and energy into 
the region. In general, the net energy and net particle diffusion 


` ‘timescales will not be equal and only the minimum of the two 


will equal fg in any region in dynamic equilibrium. 

Let the net star and net energy diffusion timescales at radius r 
in the cluster be denoted by fs(r) and tu(r), respectively. For a 
steady state, both the net star flux S and net energy flux U are 
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constant and independent of radius. If n(r) is the stellar density 
and E(r) is the mean energy (per unit mass) at r, then the 
number of stars between r and 2r is ~ nr?’ and in the steady state 
we may write 


Sw o = constant (la) 
nPE __ 
U ha O = constant (1b) 


In thermal equilibrium the constants on the right-hand sides of 
equation (1) are zero. In dynamic equilibrium, they are generally 
non-zero and equation (1) gives 


tu(r) < ts(r)E() (2) 


demonstrating the simple but important result that stars and 
energy do not, in general, diffuse on the same timescale in 
systems in dynamic equilibrium. The proportionality constant in 
equation (2) is obtained by analysis of the boundary conditions 
of the region of interest, as will be illustrated below. The 
resulting steady-state star distribution will always be valid 
whenever the local value of tg (~ 10810° yr in the cores of 
typical globular clusters) is much less than the timescale for the 
dynamic evolution of the cluster (~ 100 tg for evaporation (see 
below) and ~ 10" yr for a 10?Mo black hole to swallow its own 
mass of stars in a globular cluster (A.P.L. and S.L.S., un- 
published; J. Frank and M. J. Rees, unpublished)). 


Density distribution in a spherical 
cluster containing a central black hole 


Equations (1a, b) and (2) may be used to determine the density 
distribution in a spherical cluster containing a massive black 
hole. The cluster may be conveniently divided into four distinct 
regions. 


Region I: central cusp; rt <r < ra 


This innermost region consists of negative energy stars bound 
to the central black hole. In steady state, the consumption of 
stars at r, is balanced by a net inward flux of stars originating 
from the isothermal core at r > ra. Since bound stars of 
negative energy are removed at r, there exists a net outward 
flux of energy from this region, thereby allowing distant stars 
to move closer to the black hole to replenish the depleted star 
i Nnanal In this region E(r) ~ —GM/r, so from equation 
(2 


ty « tsr 


The absence of outgoing stars at r, implies that the net diffusion 
time for stars to move from 2r, to r, equals the timescale for 
their (negative) energy to decrease by a factor of two. Thus 
tu(r:) ~ ts (r.), and from equation (2) 


tt) © Guided) @) 


For r > f, ty is clearly the minimum timescale and can be 
equated to the relaxation timescale, ty ~ tp ~ <v2>3/2/(G2mn), 
For bound stars near the black hole <v2> ~ GM/r, so equation 
(1b) yields 


n(p) o r= @ 


The above result has been obtained previously (J. Bahcall 
and R. Wolf, unpublished; A. P. L. and S. L. S., unpublished) 
by detailed analysis of the steady-state diffusion of stars toward 
a central black hole. Peebles obtained equation (1a) and assumed 
the relation ts ~ tg, thereby overlooking the distinction 
between fy and fs and the fact that nearly equal ingoing and 
outgoing star fluxes at r result in a reduced net inward flux. 
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His resulting solution 
n(r) oc r ° 


thus requires fty(r) < tg(r), which forces stars at small radii 
r’ < r (and so small fp’ < tg) to move towards r and results 
in a net outward star flux in violation of the boundary con- 
ditions. In region IM of tke globular cluster, ts is the minimum 
diffusion timescale, rather than ty, and there ts can be equated 
to fr legitimately. 


Region II: isothermal core; ra < F < Fre 


In this region, which contains most of the cluster mass, thermal 
equilibrium prevails with a Maxwellian velocity distribution 
law and an isothermal density distribution law. To lowest 
order S$ ~ U ~ 0. In each relaxation time fp (ra), only those 
few high velocity stars on the tail of the distribution with 
velocities exceeding the escape velocity 


<y ese? = 2 p22 


(roughly 1% of the total number) evaporate’® from the 
core and populate the halo. The outer radius of the core r, is 
determined by equating the local relaxation time ¢g(r,) to the 
mean evaporation timescale, ~ 100¢g(r,); stars with r > re 
cannot thermalise sufficiently rapidly to maintain thermal 
equilibrium in the presence of escaping stars. Since 


te(r) on 
in the isothermal core, we have - 


n Ana ~ 107% 
or 


re ~ 10/(12nGn uml)? 


where’ we use the standard isothermal profile in the region 
ra <r <r., Detailed numerical calculations’ confirm this 
qualitative picture. 

e 


Region III: halo; re < F < re, 


The cluster halo is populated by high energy, bound stars 
ejected from the isothermal core. Halo stars move in highly 
eccentric orbits and, in each orbital period, penetrate the dense 
core where they suffer repeated, small angle gravitational 
encounters. Since all halo stars move with nearly the same 
velocity during their periastron passage through the core, 
they all experience roughly the same r.m.s. energy boost, Ep, 
each period, independent of their energy E. Consequently, €z 
is given by the (random walk) relation 


tr 


i 1/2 
E2 ~ (£) E = constant (5) 


where 


ta ~ 2nGM JAQI EN”? 


is the (~ Keplerian) orbital period of a halo star of energy 
E ~ —GM dr. Equation (5) implies that 


ta(r) œ r2. 


In steady state, a constant net flux of stars moves outwards 
in the halo, providing a constant escape rate of positive energy 
stars ejected from the outermost halo or ‘fringe? beyond 
FZ Fey At Fe, ~ GMf/e,, stars can acquire positive energy in 
just one additional passage through the core. Since at rs, there 
are no ingoing stars, we have, in analogy to the discussion for 


| 
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Fig. 1 The stellar density n(r) as a function of radius r in a 


spherical cluster containing a massive, central black hole (see 
text for discussion of the different regions). 


region I, tu(re,) ~ ts(re,). Equation (2) then implies 
to) ~ (re,/rts(r) (6) 


In the halo, r,°< r < Yes ts is now the minimum timescale; 


and so ¢s(r) ~ trł(r). This disparity in diffusion timescales 
merely reflects the fact that energy is nearly conserved in a 
cluster experiencing stellar evaporation. Substituting 


ts(r) ~ tr ~ r`? 
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into equation (la) yields the halo density distribution law 


n(r) œ r72 (7) 
Region IV: escaping stars; rs, <r < œ 


In this non-thermal region, unbound, non-interacting stars 
with energy E ~ g, move radially outwards to infinity with 
constant velocity 


w ~ (62)? 
A steady state requires S ~ nvr? = constant, hence 
n(r) œ r~? (8) 


Similarly, U ~ Se, ~ constant. The above results derived for 
regions II-IV pertain with or without a central black hole, 
provided M < M.. Detailed numerical calculations of the 
outer regions of a spherical cluster confirm?! equations (7) 
and (8). 

The entire run of the stellar density in a spherical cluster 
containing a central black hole is illustrated schematically in 
Fig. 1. For a 103Mo black hole at the centre of the globular 
cluster NGC7078 (M15), where! <v? ~ 10 km s=, 
n(r,) ~ 5X10! pe~? and m ~ Mo, the critical radii separating 
the different regions are (approximately) re ~ 3x107" pe, 
ra ~ 3x10 pe, re ~ 3 pe, and re, ~ 10% pe. Since re, is 
larger than the tidal radius of the cluster in the galactic field, the 
stellar distribution in the outer halo will be modified as the 
energy required for escape falls below zero. By observing the 
stellar density distribution in the core of globular clusters with 
a large telescope, black holes with masses > 10°Mo may be 
detected (J. Bahcall and R. Wolf, unpublished). 

We thank E. E. Salpeter for several useful discussions, and 
the NSF for support. 
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Reported plutonium levels in fish from both Kwajalein and 
Enewetak lagoons, suggest that Kwajalein Lagoon contains 
significantly more plutonium in its environment than would 
be expected from worldwide fallout levels alone, although 
quantities of plutonium greater than fallout concentrations 
have not been detected in the lagoon water. If there is no 
reason to reject the published fish data, then individuals on 
Kwajalein Atoll who supplement their diet with foods from 
the local marine environment may have plutonium body 
burdens similar to the low levels predicted for individuals 
on similar diets at Enewetak Atoll. 
1 





KWAJALEIN ATOLL (9°N 167°40’E) is located in the western 
(Ralik) chain of the Marshall Islands. In the same island chain 
and some 300 miles to the north-west is Enewetak Atoll (11°20°N 
162°20’E), one of the United States nuclear testing sites during 
the 1940s and 1950s. It has been reported! that no immediate 
debris from the nuclear tests at Enewetak and Bikini (another 
Pacific test site) was deposited at Kwajalein. Measurements 
during 1972 and 1973 between 5 and 15°N, over a wide range 
of longitudes, indicated concentrations of between 0.22 and 
0.44 pCi m~? for ?3%:240Pu in Pacific surface water®?. The mean 
23,20Pu concentration in the surface waters of Kwajalein and 
other Pacific atoll lagoons located in this latitude band, there- 
fore, would be expected to be similar to the surface oceanic 


level (0.34+-0.11 pCim~-), 
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Table 1 Lognormal median concentrations of ***?*°Pu in fish tissues (pCi g~* dry weight) collected at Enewetak and Kwajalein atolls* 





Enewetak Atoll Kwajalein Atoll ° 
(all samples) Kwajalein Island Meck Island Enewetak Island 

All fish species 

Bone 0.038 (24) 0.086 (3) 

Muscle 0.013 = (123) 0.023 (11) 0.01 (6) 0.53 (3) 

Gut 0.45 (6) 0.051 (3) 0.42 (2) 
Surgeonfish 

Muscle 0.028 (28) 0.02 (3) 0.96 (1) 

Gut 0.019 (26) 0.03 (2) 0.43 (1) 
Mullet 

Muscle 0.014 (25) 

Gut 0.75 (19) 
Goatfish 

Muscle 0.008 (21) 

Gut 0.093 (18) 
All other fish 

Bone 0.038 (24) 0.086 (3) 

Muscle 0.009 (49) 0.024 (8) 0.01 (6) 0.40 (2) 

Gut 0.25 (44) 0.14 (1) 0.41 (1) 


a a 


*See refs 1 and 5. 


+Values in parentheses are numbers of samples analysed. Average muscle and gut values in pCi g~* dry weight can be converted to average 


pCi g— wet weight by dividing by 3.5. 


This is not true of Enewetak Lagoon. In late 1972, the 
average measured concentration of *°*?4°Pu in the lagoon 
surface water? was 39 pCi m ~, approximately 100times thelevel 
predicted from worldwide fallout. Clearly, some components of 
the atoll contaminated by fallout debris during the tests are 
contributing substantial amounts of 3***4°Pu to the lagoon 
water masses. The difference in Pu concentrations be- 
tween the two lagoons is a direct reflection of the activity levels 
in the environments of the two atolls. It also follows that if 
plutonium uptake in living organisms is expressed in terms of a 
concentration factor (the concentration of plutonium in the 
tissue of the marine organism divided by its concentration on an 
equivalent weight basis in the surrounding water), inverte- 
brates, fish, or other marine organisms can be useful as indicator 
species of the level of environmental contamination. 

Schell and Watters! have given 2°24°Pu concentrations in 
various organs of selected marine organisms collected at 
Enewetak and Kwajalein atolls. They concluded, however, that 
the plutonium and americium concentrations in the convict 
surgeon fish from Enewetak Atoll, for example, are not signifi- 
cantly higher than those measured at the control station, 
Kwajalein Atoll. The mantle and muscle tissues of a clam 
(Tridacna sp.) collected in the south-eastern region of Enewetak 
Atoll were, moreover, found to contain only one-sixth as much 
plutonium as those of a Tridacna sp. collected at Kwajalein 
Atolli. On the other hand, the viscera and kidney of the same 
Enewetak Atoll clam had higher concentrations than those of 
the Kwajalein Atoll specimen. 

In an assessment of the possible plutonium dose to man 
from food and other environmental pathways, Wilson et al.® 
compiled, in the form of lognormal median concentrations, all 
the plutonium survey data collected at Enewetak Atoll during 
1972 and 1973 (ref. 1). The concentration values for all the fish 
muscle samples taken are reproduced here in Table 1, together 
with similar lognormal mean concentrations compiled from 
the same survey! data for fish bone and gut from Enewetak 
Atoll and muscle, bone, and gut concentrations, also from the 
same survey datat, for fish collected off three islands of Kwa- 
jalein Atoll (W. R. Robison, private communication). Wilson 
et al.® found no significant differences in mean plutonium 
concentrations among four fish groups, which included, 
among others, planktonic and detritus feeders, grazing herbi- 
vores, bottom-feeding carnivores, and pelagic carnivores. 
Accordingly, they based their predictions of exposures to 
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plutonium from ingestion of marine foods on the mean con- 
centration of plutonium in the muscles of all the fish taken 
from the lagoon of Enewetak Atoll. Significantly, however, the 
239,240Pu in the lagoon water ranged from 1 to 96 pCi m™ at 
the fish sampling sites. 


Radionuclide concentration 
independent of environmént? 


The data of Schell and Watters‘, together with those of Table 1, 
show that average levels of ***4°Pu in fish bone, muscle, and 
gut from Enewetak Atoll are similar to, or even lower than, 
those of the fish indigenous to the control station, Kwajalein 
Lagoon. There are several possible important %onclusions that 
can be derived from these data. The first is that fish collected for 
consumption by man will contain, on average, essentially the 
same concentrations of plutonium radionuclides regardless of 
the source or level of plutonium in the local environment. 
Obviously, such a conclusion would greatly affect future plans 
for releasing low-level transuranics to the marine environment. 
Furthermore, it would force us to concede that the concept of a 
plutonium concentration factor for fish is meaningless. Also, it 
conflicts with a large body of plutonium concentration data 
for Atlantic fish species that derive their plutonium body 
burdens from worldwide fallout levels in the Atlantic Ocean. 
For example, for a number of Atlantic species, including 
bottom feeders, water-column feeders, and large predators*®, 
a lognormal median of all available bone concentration data is 
only 1x 10-* pCi g~ (wet or dry), 900 times less than that for 
the bones of the Kwajalein fish (Table 1). A similar large dis- 
crepancy remains when the concentrations in the muscle of the 
Atlantic and Kwajalein fish are all normalised to an equivalent 
weight basis (wet or dry). 

Plutonium levels in the Atlantic waters (where some of the fish 
were caught) range only between 0.2 and 1.1 pCi m7, accord- 
ing to Bowen ef al.§, Calculating a concentration factor from 
the data for Atlantic fish and water and using a value of 0.4 
pCi m™? as the assumed mean plutonium level from fallout in 
the Kwajalein Lagoon, provides values of between 0.2 and 1.0 
10— pCi g- for the bone of fish for this lagoon. These values 
are orders of magnitude lower than the lognormal median 
concentrations in Table 1. This discrepancy cannot be accounted 
for by any possible differences related to trophic levels or 
feeding habits. A similar calculation also yields large dis- 
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crepancies between predicted and measured concentrations for 
fish muscle. 


Excess plutonium at Kwajalein 


An alternative explanation to account for these discrepancies 
would be that Kwajalein Lagoon contains significantly more 
plutonium in its environment than would be expected from 
worldwide fallout levels alone. To test this possibility, 551 
unfiltered water samples were collected during May and June 
of 1975 from the locations shown in Fig. 1. During June, two 
samples were also collected outside the Atoll in the north 
equatorial surface waters, to provide information on the 
plutonium levels in the open ocean in this region. Unfortunately, 
our schedule did not allow time to collect fish on Kwajalein 
Atoll. 

The water samples were analysed for 73%24°Py and 137Cs 
using the methods described in refs 9 and 10. Our analytical 
results are shown in Table 2. Although the lagoon was not 
sampled in great detail, the data are sufficient to show that the 
average 73°-240Py concentration in Kwajalein Lagoon (0.45+0.21 
pCi m~?) is nearly the same as the mean for the surface water 
of the ocean in the area, and that it agrees reasonably well with 
the levels previously predicted from worldwide fallout. 

At the time the Kwajalein water samples were being pro- 
cessed we were also participating in an intercomparison exercise 
with Woods Hole Oceanographic Institution to determine 
239,240Pu levels in replicate surface-water samples from one 
location in the North Atlantic. The mean value for eight 
samples from Woods Hole (V. T. Bowen, unpublished) was 
0.63+0.16 pCi m—?, whereas ours for 10 samples 
was 0.70+0.30 pCi m~’. This analytical agreement (as 
well as that in other national and international intercom- 
parisons that we have completed) lends a measure of confidence 
to our data. In addition, these comparative data show that, as 
expected. from worldwide depositional data", average plu- 
tonium levels are somewhat lower in Kwajalein Lagoon than in 
North Atlantic surface waters. The average 2°*4°Pu/18’Cs ratio 
of 0.0032 for Kwajalein Lagoon is also in good agreement to the 
average value for open ocean, in contrast to the ratio of 0.07-0.12 
in the Bikini and Enewetak lagoons*. This illustrates that both 
the #%°.249Py and the '%7Cs content of the lagoon are derived 
from worldwide*fallout. 

We are still without an obvious explanation for the dis- 
crepancy in the fish-tissue data; that is, why should the Kwaja- 
lein fish, in a region of the equatorial Pacific contaminated only 
„by worldwide fallout, have significantly higher body burdens of 
plutonium than fish in the North Atlantic which is also con- 
taminated only with worldwide fallout? Furthermore, why do 
the Kwajalein Atoll fish have the same or even higher body 
burdens than the fish at Enewetak Atoll, where higher levels of 
plutonium are found in the lagoon? And why were the con- 
centrations in Enewetak Lagoon fish not correlated with those 
in the specific local environment where they were sampled, or 
with feeding habit or trophic level? A cursory search of the 
literature surprisingly revealed only one other relevant fallout 
report—the plutonium level in the body of a single marine fish 
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- Fig. 1 Locations of sampling sites (see Table 2). 


in fallout-contaminated waters of the Pacific!?. The plutonium 
concentration in this sample and the computed concentration 
factor are closer to those from the North Atlantic fish than to 
those from Kwajalein. On the other hand, plutonium levels in 
tissues from catfish from Trombay??, in plaice from the vicinity 
of Windscale"4, and in several species from areas of Thule! are 
higher than those in the tissues of the North Atlantic fish, and 
close in value to those from Kwajalein and Enewetak. But as the 
last three sets of data are from areas known to have local 
plutonium contamination from reprocessing plants (and one 
nuclear accident), they support our argument that levels of 
plutonium in fish reflect local environmental levels. 

To sum up, it appears that available plutonium data from fish 
tissues are inconsistent. If we accept the available Enewetak 
and Kwajalein Atoll data as correct, then we can only conclude 
that the availability to all fish and invertebrates of plutonium 
from fallout, or for that matter from any local source, depends 
more on the type of environment than on the plutonium levels 
in that environment. The data could also suggest that coral atolls 
may have specific biogeochemical processes that regulate the 
availability of plutonium regardless of levels in the environ- 
ment or in food. On the other hand, if we assume that con- 
centrations in fish and invertebrates are proportional to those in 
the environment, then we can only conclude that many of the 
atoll fish data from the laboratories involved in analytical 
programmes?” are in error. Since there is no other evidence at 
this time to refute the analytical results from the atolls, we can 
only urge caution in applying concentration factors measured 
in one marine area to predict approximate plutonium levels in 
fish from other marine areas. In addition, it seems, on the basis 
of the published datat? and the summary assembled in Table 1, 
that individuals on Kwajalein Atoll who supplement their diet 
with foods from the local marine environment may have 
plutonium body burdens similar to the low levels predicted® for 
individuals at Enewetak on similar diets. 





Table 2 Concentrations of ?5*:24°Pu and 13’Cs (pCi m~?) ın seawater in Kwajalein Lagoon and two locations in north equatorial waters 





Station* Depth (m) Collection date 239, 240Pyy 137Cs 238, 240 Py/137Cs 
1 Surface 5/10/75 0.33 (20) 137 (3) 0 0024 (20) 
1 44 5/10/75 0 87 (13) 144 (5) 0.0060 (14) 
2 Surface 5/08/75 0.29 (27) 131 (5) 0.0022 (27) 
3 Surface 5/08/75 0.26 (24) 127 (3) 0.0020 (24) 
3 47 5/08/75 0.33 (25) 129 (3) 0.0026 (25) 
4: Surface 5/08/75 0.54 (16) 129 (4) 0.0041 (16) 
5 Surface 6/14/75 0.52 (18) 132 (4) 0.0039 (18) 
10°26’N 166°31’E Surface 6/15/75 0.36 (32) 132 (3) 0.0027 (32) 
11°16'N 165°45’E Surface 6/15/75 0.53 (23) 143 (4) 0.0037 (23) 





*Kwajalein stations are shown in Fig. 1. 


tValues in parentheses are the 1o counting errors expressed as percentages of the listed values. 
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Bacillus subtilis phage SPOJI induces polypeptides of 
24,000 and 13,500 daltons that are bound to'a form of 
RNA polymerase that directs phage “late” transcrip- 
tion in vitro. These proteins are the products of SPO1 
genes 34 and 33, regulatory cistrons that control “late” 
gene expression in vivo. 





GENE expression during the lytic cycle of. Bacillus subtilis 
phage SPO1 is controlled in a temporally defined sequence’. 
Phage “early”. genes are transcribed almost immediately 
after infection and this RNA synthesis is directed by the 
sigma subunit of the host RNA polymerase. Next, phage 
“middle” genes are turned on at 4-5min into the lytic 
cycle; this transcription is activated by the protein product 
of SPO1 regulatory gene 28 (refs 2 and 3). Gene 28 is now 
known to code for a phage-induced protein that binds to 
B. subtilis RNA polymerase’ and that apparently directs 
specific transcription in vitro in the absence of sigma 
factor’*. A host protein, 6, has- been described that 
improves the accuracy of middle-gene transcription, by the 
phage-modified RNA polymerase. | 

Activation of SPO1 “late” genes between 8 and 14min 
into the lytic cycle seems to require a further modification 
of RNA polymerase. Pero et al.° have shown that a form 
of the B. subtilis transcriptase containing phage-induced 
subunits of 24,000 (termed V) and 13,500 (termed VJ) dal- 
tons preferentially copies ‘late’ genes in vitro. The work 
reported here establishes that these phage-induced subunits 
are coded by SPO1 genes 34 and 33, regulatory cistrons that 
control late gene expression in vivo”*. An accompanying 
article’ demonstrates that the purified protein products of 
genes 33 and 34 and host delta factor act synergistically to 
direct the synthesis of late RNA by core RNA polymerase. 


Induction of polypeptides 
V and VI by mutants 


As an initial step in investigating the possible relationship 
of phage-induced polypeptides VI and V, to genes 33 and 34, 
the synthesis of these proteins in bacteria infected with 
wild-type SPO1 was examined. Cells of a non-suppressing 
(su~) strain of B.' substilis were infected with wild-type 
phage and pulse labelled with *“S-methionine at an inter- 
mediate time in the lytic cycle. RNA polymerase was 
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isolated from an extract of the infected cells by gel filtra- 
tion and phosphocellulose chromatography. The enzyme 
was radiochemically highly purified at this stage of purifica- 
tion and contained essentially only host subunits of RNA 
polymerase and previously identified phage-induced proteins 
that copurify with polymerase’. Phosphocellulose-purified 
polymerase was then analysed by the two-dimensional gel 
electrophoresis procedure of O’Farrell”; radioactive enzyme 
was denatured in urea and subjected to isoelectric focusing 
in the first dimension and sodium dodecyl sulphate (SDS) 
slab gel electrophoresis in-the-second dimension. Figure la 
is an autoradiogram of a region of the two-dimensional gel 
that contained a 26,000-dalton polypeptide termed IV (the 
product of gene 28)‘, polypeptide V (24,000) and polypeptide 
VI (13,500). The approximate isoelectric points of proteins 
IV, V and VI were 5.4, 7.3 and 7.4 respectively. The indenti- 
fication of these proteins was confirmed by à mixing experi- 
ment in which the radioactive phosphocellulose-purified 
polymerase was coelectrophoresed in two dimensions with 
unlabelled phage-modified enzymes from a previous study’. 

High resolution two-dimensional gel analysis also made 
possible the identification of polypeptides V and VI in crude 
extracts of SPOl-infected bacteria. Radioactive protein 
extracted from bacteria infected with wild-type phage was 
subjected to two-dimensional electrophoresis. Figure 1b is 
an autoradiogram of a region of the gel corresponding to 
that of Fig. 1a and containing polypeptides IV, V, and VI. 
Since the relative position of spots varied somewhat from 
gel to gel, it was necessary to identify the phage-induced 
subunits: of: RNA polymerase by means of a'mixing experi- 
ment (not shown) in which radioactive enzyme of Fig. la 
was coelectrophoresed with the crude extract of Fig. 1b 
(and with extracts of mutant-infected bacteria described 
below) Polypeptides V and VI were well resolved from 
other radioactive proteins and are designated with arrows. 
Polypeptide IV on the other hand, was partially occluded 
by another intensely Jabelled protein and is not designated 
in the figure. 

To examine the effect of a mutation in gene 34 on the 
synthesis of the phage-induced subunits of polymerase, the 
su~ bacteria were infected with the nonsense mutant susF4 
(refs 2 and 3) and radioactively labelled at an intermediate 
time in the lytic cycle. Two-dimensional analysis revealed 
that polypeptide V was specifically lacking in both phos- 
phocellulose-purified polymerase (Fig. lc) and unfrac- 
tionated extract (Fig. Id) from the mutant-infected cells. 
This finding is consistent with the possibility that subunit 
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Fig. 1 Two-dimensional electrophoresis of 
subunits IV, V and VI in RNA polymerase 
agd in crude extracts from non-suppressing 
bacteria infected with wild-type and mutant 
phage. The su~ strain was a methionine 
prototrophic derivative of B. subtilis 
Mu8u5u6 (ade~, leu~, met)? and was 
obtained from A. L. Sonenshein. Cells were 
grown at 37°C in a modification of 121A 
medium?’ containing leucine (SO ug ml~*) 
and adenine (100 ug ml~*). Cultures of the 
bacteria (150 ml) were labelled by the 
addition of 2 mCi of “S-methinoine (high 
specific activity; prepared as described 
before’) 10-14 min after infection with the 
mutant (obtained from S. Okubo) and wild- 
type phage indicated below (multiplicity of 
infection 5). RNA polymerase (a, ¢ and e) 
was purified from 0.3 g of infected cells as 
described before*, concentrated by trichloro- 
acetic acid precipitation” and dissolved in 
“lysis buffer” (ref. 11, modified to contain 
2% ampholines (LKB) pH range 3-10). 
Crude extracts (b, d and f) were prepared 
from 6 mg of infected cells as follows. 
Infected cells were suspended in 0.2 ml of 
buffer containing 0.01 M Tris-HCl (pH 7.9), 
0.01 M EDTA and lysozyme (300 ug ml~), 
incubated for | h at 0 °C and then disrupted 
by brief sonication, Next, MgCl, (to 0.02 M), 
RNase and DNase (to 50 ug mi~!) were 
added. After low speed centrifugation, the 
resulting supernatant fluids were incubated at 
0 °C for 1 hand then added at room tempera- 
ture to 0,43 ml of the modified “lysis buffer” 
containing an additional 235 mg of urea. 
Samples of RNA polymerase (~10° c.p.m.) 
and of crude extract (~2.3 x 10° c.p.m.) in 
the “lysis buffer’ were then subjected to 
isoelectric focusing as described by O'Farrell" 
but with the following modifications. The 
gels contained 5.4% polyacrylamide* and 
1.9% ampholines (LKB) comprised of 
1.5% pH range 3-10, 0.2% pH range 9-11, 
0.1% pH range 5-7 and 0.1 % pH range 4-6. 
The lower electrode (cathode) solution 
contained 0.4% ethylenediamine. The iso- 
electric focusing gels were then subjected to 
electrophoresis in a second dimension 
through discontinuous SDS slab gels as 
described*. (It should be noted that the 
separation of #ibunits IV and V in dis- 
continuous SDS gels is strongly dependent on 
the commercial brand of SDS (J. Pero, 
J. Nelson and T.D.F., unpublished results 
and ref. 15) and that the separation achieved 
here using a crystalline form of SDS from 
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BioRad is less than was previously obtained 
using SDS in powdered form from BioRad 
(refs 5 and 6) and less than can be obtained 
using SDS from Pierce Chemical Co. (un- 
published results).) Each picture is an auto- 
tadiogram™ (100 h exposure) of a region of 
the two-dimensional gels to which subunits 
IV, V and VI migrate. The following samples 


were subjected to electrophoresis: a, RNA 
polymerase from bacteria infected with wild- 
type SPOI; b, crude extract of bacteria 
infected with wild-type SPOIl; c, RNA 
polymerase from bacteria infected with the 
mutant susF4; d, crude extract of bacteria 
infected with the mutant susF4; e, RNA 
polymerase from bacteria infected with the 


mutant susF14; f, crude extract of bacteria 
infected with the mutant susF14. The IF 
(isoelectric focusing) arrows point in the 
direction of increasing pH; the SDS arrows 
point in the direction of decreasing molecular 
weight. The arrows in the autoradiograms of 
crude extracts indicate the positions of 
subunits V and VI. 


V is the product of gene 34. 

Figure le and f shows the effect of a nonsense mutation 
in gene 33, susF14 (refs 2 and 3), on the induction of the 
phage-induced subunits. Surprisingly, su~ bacteria infected 
with the gene 33> mutant failed to synthesise detectable 
quantities of both polypeptides VI and V (although in 
experiments comparable with Fig. 1f faint traces of a 
protein in the position of V were observed). This finding 
is consistent with an assignment of subunit VI as the 
product of gene 33 if, as discussed below, the susF14 
mutation in gene 33 somehow interferes with the synthesis 
of polypeptide V, the putative product of gene 34. 

Although mutations in either gene 33 or gene 34 alone 
interfere with the global transcription of late genes’*’, close 
inspection of Fig. 1 reveals certain protein species whose 
synthesis is blocked uniquely in either the gene 33> or the 
gene 34° mutants. While this has yet to be investigated, the 
kinds of arguments used to explain the pleiotropic effect 


of susF14 on the synthesis of polypeptide V (see below) 
could be applied here. 

The ability to detect polypeptides V and VI in crude 
extracts by means of two-dimensional gel analysis made it 
possible to determine whether the synthesis of these pro- 
teins is induced at a middle time in the phage lytic cycle, 
as would be expected for regulatory proteins that control 
late gene expression. Bacteria were infected with wild-type 
SP01 and then pulse labelled at various times after infec- 
tion. Crude extracts of the infected cells were then sub- 
jected to two-dimensional gel electrophoresis. Figure 2 
indicates the proportion of total radioactivity that was 
incorporated into proteins V and VI during each pulse- 
labelling period. These results indicate that the synthesis 
of polypeptides V and VI was turned on synchronously at a 
middle time in the lytic cycle, after the appearance of 
polypeptide IV, the product of the early gene 28, but 
before the onset of late protein synthesis (not shown). 
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Fig. 2 Time course for the induction of subunits V and VI. 
Cultures of su~ bacteria were infected with wild-type SPOI, 
pulse labelled during the 2-min intervals indicated in the figure 
and chilled quickly. Crude extracts were prepared by sonication 
and ammonium sulphate precipitation as for purification of 
polymerase (Fig. 1). Samples of each extract (~8 x 10° c.p.m.) 
were diluted tenfold into “lysis buffer’ and subjected to two- 
dimensional electrophoresis (Fig. 1). The gels were then auto- 
radiographed to locate polypeptides IV, V and VI. Regions of 
the gel in the positions of V and VI were cut out, moistened and 
extracted in Protosol. The ordinate indicates the fraction of total 
radioactivity in each sample that was present in polypeptides V 
and VI. The peak time of subunit IV synthesis was determined 
by visual inspection of the autoradiograms. 


(Two-dimensional electrophoresis did not resolve poly- 
peptide IV sufficiently well to quantitate its time course of 
appearance. But the synthesis of this regulatory protein 
could be followed by visual inspection of the auto- 
radiograms, and the arrow in Fig. 2 indicates the peak time 
of subunit IV synthesis.) The findings of Fig. 2 agree with 
a study" that compared the time of appearance of poly- 
peptides IV and V in association with RNA polymerase at 
different times in the lytic cycle. 


Gene 34 codes for subunit V 

To test directly whether subunit V is the protein product 
of gene 34, the gene 34° nonsense mutant susF4 was grown 
in two different suppressor (su*) strains of B. subtilis that 
carried the nonsense suppressors sup-/'"'"* and sup-3™* in 
isogenic backgrounds. The sup-/ and sup-3 suppressors are 
thought to insert different amino acids” and a recent study 
in this laboratory‘ indicated that the amino acid inserted by 
sup-3 is more basic (or less acidic) than the residue in- 
serted by sup-/. Thus, if subunit V is the product of gene 
34, then polypeptide V generated by suppression of susF4 
with sup-3 ought to be slightly more basic than the corres- 
ponding protein generated by suppression with sup-/. This 
strategy was previously used to assign subunit IV as the 
product of gene 28 (ref. 4). 

To test the prediction that suppression would generate 
altered forms of polypeptide V, radioactively labelled RNA 
polymerase was separately purified by phosphocellulose 
chromatography from susF4-infected bacteria carrying 
either sup-/ or sup-3. The  phosphocellulose-purified 
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enzymes were then subjected to two-dimensional gel electro- 
phoresis. A comparison of Fig. 3a and b suggests that poly- 
peptide V from sup-3 bacteria was slightly more basic th’n 
polypeptide V from the sup-/ bacteria. Electrophoresis of 
a mixture of the phosphocellulose-purified enzymes from 
the two phage-infected suppressor-strains (Fig. 3c) con- 
firmed that nonsense suppression had generated variants of 
polypeptides V but had not affected the isoelectric points 
of polypeptides IV and VI. 

Although the two supressor strains were constructed by 
transferring (by means of genetic transformation) the sup-/ 
and sup-3 suppressors into the same genetic background, 
it was still conceivable that the altered forms of polypep- 
tide V were caused by some unknown difference between 
the suppressor strains other than the nonsense suppressors 
themselves. Therefore, to examine whether the generation 
of variants of polypeptide V was related directly to sup- 
pression of the susF4 mutation, the isoelectric point of V 
produced by susF4 in sup-3 bacteria was compared with 
that of V produced by a spontaneous revertant of susF4 in 
the same sup-3 strain. Figure 3d and e shows that subunit 
V induced by the revertant was less basic than the corres- 
ponding polypeptide induced by the nonsense mutant. (Sub- 
unit V induced by the revertant in sup-3 bacteria was 
indistinguishable from the corresponding protein gene- 
rated by suppression of susF4 in sup-/ bacteria or the 
protein produced by wild-type SPO! in su” bacteria.) 

A possible complication in analysis of the isoelectric 
points of proteins is that charge changes in a single protein 
species can arise artefactually in vitro as a result of 
chemical modification, and cause the appearance of ‘“‘mul- 
tiple spots” in the isoelectric focusing dimension of the 
two-dimensional gels''. To eliminate the possibility that the 
variants of subunit V had actually been produced by 
variable chemical modification in vitro, either during puri- 
fication of polymerase or during two-dimensional analysis, 
the following ‘double-label’ mixing experiment was per- 
formed. RNA polymerase was purified from a mixture of 
sup-! and sup-3-carrying bacteria that had been separately 
labelled with *H-methionine and “S-methionine, respec- 
tively, after infection with the mutant susf4. After two- 
dimensional electrophoresis, the distribution of each 
radioisotope in the isoelectric focusing dimension was deter- 
mined for subunits IV, V and VI. While the distribution 
of both radioisotopes was identical for polypeptides IV and 
VI (Fig. 4a and c), the ”S radioactivity in subunit V from 
the sup-3 bacteria was in a more basic position than the 
`H radioactivity from the sup-/ strain (Fig. 4b). The reverse 
“double-label” mixing experiment (not shown), with S- 
labelled sup-/ bacteria and *H-labelled sup-3 bacteria, con- 
firmed that the form of subunit V induced by susF4 in 
sup-3 cells was more basic than that induced by the mutant 
in the sup-/ strain. 


Gene 33 codes for subunit VI 

If subunit VI is the product of gene 33, then suppression 
of the gene 33” nonsense mutation, susF14, should generate 
altered forms of polypeptide VI without affecting the iso- 
electric point of subunits TV and V. The experiment shown 
in Fig. 3 confirms this prediction; susF14 growing in sup-3 
bacteria produced a more basic form of VI (Fig. 3g) than 
that produced by susF14 in sup-] bacteria (Fig. 3f and h) 
or that produced by a spontaneous revertant of susF14 in 
sup-3 bacteria (Fig. 3i and j) (or that produced by wild- 
type phage in su” bacteria). 

Close examination of Fig. 3i and j reveals a faint spot 
of radioactivity on the acidic side of VI; this is probably 
attributable to charge heterogeneity introduced in vitro as 
referred to above. The “double-label” mixing experiment 
of Fig. 4 (as well as a corresponding experiment with the 
radioactive isotopes reversed) eliminates the possibility, 
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Pig; 3 Li stenaigg si soe ge ae 4 
polymerase from sup-/ and sup- 

bacteria infected with SPOIL nonsense 
mutants. Strains of B. subtilis carrying the 
nonsense suppressors sup-/ and sup-3 in 
isogenic backgrounds were constructed by 
transformation™ of the su~ strain Mu8uSu6 
(Fig. 1) with DNA from the sup-/ strain 
HA-101-B (ref. 15) and the sup-3 strain su* 3 
(ref. 17). Suppressor-carrying transformants 
were isolat selecting simultaneously for 
adenine and methionine prototrophy; the 
purB6 and metB5 mutations in Mu8u5u6 are 
suppressable markers!**. Purification and 
two-dimensional electrophoresis of RNA 
polymerase from phage-infected cells were 
as described in the legend to Fig. 1 except 
that the bacterial growth medium did not 
contain adenine. The autoradiograms are 
from electrophoreses of the following 
enzymes: a, RNA polymerase from sup-/ 
bacteria infected with the mutant susF4 
(gene 34-); b, RNA polymerase from sup-3 
bacteria infected with the mutant susF4 
(gene 34-); c, a mixture of the enzymes from 
the experiments of a and b; d, RNA poly- 
merase from sup-3 bacteria infected with a 
spontaneous revertant of the mutant susF4 
(isolated by plafing mutant phage on su- 
bacteria); e, a mixture of the enzymes from 
the experiment of b and d; f, RNA polymerase 
from sup-/ bacteria infected with the mutant 
susF 14 (gene 33-7); g, RNA polymerase from 
sup-3 bacteria infected with the mutant 
susF14 sa 33-); h, a mixture of the 
enzymes from the experiments of f and g; 
i, RNA polymerase from sup-3 bacteria 
infected with a spontaneous revertant of the 
mutant susF14 (isolated by plating mutant 
phage on su~ bacteria); j, a mixture of the 
enzymes from the experiments of g and i. 


however, that the difference in charge of the sup-/ and 
sup-3-generated variants of polypeptide VI could have been 
caused completely by variable chemical modification intro- 
duced in vitro. Figure 4 also confirms that suppression of 
the gene 33” nonsense mutant had specifically affected the 
isoelectric point of VI (Fig. 4f) without affecting subunits 
dv (Fig. 4d) or V (Fig. 4e). 
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Scheme for regulation 

The finding that altered forms of polypeptides V and VI 
can be generated independently by suppression of nonsense 
mutations in SP01 genes 34 and 33 strongly suggests that 
these phage-induced subunits of RNA polymerase are coded 
by the regulatory cistrons that control late gene expression. 
A complicated alternative interpretation is that the SPO1 
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Fig. 4 Isoelectric focusing of subunits IV, V and VI from mixtures 
of sup-1 and sup-3 bacteria separately labelled with different 
radioisotopes after phage-infection. Cultures of sup-/ and sup-3 
bacteria were labelled separately with *H-methionine (Schwarz/ 
Mann) and *°S-methionine respectively, after infection with the 
nonsense mutant indicated below. RNA polymerase was then 
purified from a mixture of the infected cells and subjected to 
two-dimensional electrophoresis as described in the legend to 
Fig. 1. After autoradiography to locate the position of subunits 
IV, V and VI, strips were cut from the gels along the isoelectric 


regulatory genes actually code for enzymes that chemically 
modify SPO1-induced subunits of RNA polymerase in vivo, 
and that modifications by the swp-3-suppressed gene pro- 
ducts somehow generate more basic (or less acidic) poly- 
merase subunits than modifications by the sup-/ suppressed 
gene products. This interpretation, however, seems improb- 
able, especially in the light of the fact that isoelectric point 
variants of three different proteins can be generated inde- 
pendently by suppression of nonsense mutations in three 
different SPOl genes (genes 33 and 34, Figs 3 and 4; 
gene 28, ref. 4). 

If these gene-product assignments are correct, why does 
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Fig. 5 Proposed model for the temporal control of phage SPOI 
gene expression. The figure illustrates schematically the three 
major categories of SPO1 gene transcription; the figure is not 
intended to represent the actual physical arrangement of early, 
middle and late genes on the phage genome or the number and 
arrangement of promoter sites. The cross-hatched ellipses 
represent the host subunits of RNA polymerase other than 
sigma factor. 


focusing dimension at the positions of IV, V and VI in the SDS 
dimension, Each strip was then cut into 2-mm slices and the 
amount of °H (©) and *°S (@) in each slice was measured in a 
scintillation counter after moistening and extracting the slices in 
Protosol. a-f show the distribution of each radioisotope along 
the IF dimension in a, subunit IV from susF4 infected cells; 
b, subunit V from susF4-infected cells; c, subunit VI from 
susF4-infected cells; d, subunit IV from susF14-infected cells; 
e, subunit V from susF14-infected cells; f, supunit VI from 
susF 14-infected cells. 


the susF14 mutation in gene 33 prevent the normal synthesis 
of the gene 34 protein (Fig. 1)? Since genes 33 and 34 are 
tightly linked on the genetic map of SPOI (ref. 3), one 
possible explanation is that the regulatory cistrons that con- 
trol late transcription are located in the same operon and 
that the susF14 nonsense mutation exerts a “polar” effect 
on the expression of gene 34. But since the susF4 and 
susF14 mutants complement each other (albeit weakly)’, this 
explanation demands that the susF14 mutant actually syn- 
thesises a small amount of the gene 34 protein (smaller than 
can be detected in Fig. 1) and that this small quantity is 
sufficient to promote late gene expression. Another possible 
explanation of the pleiotropic effect of the susF14 muta- 
tion is that the expression of gene 34 is controlled directly 
by the gene 33 protein. This possibility is not necessarily 
inconsistent with the time course experiment of Fig. 2, or 
with the finding that the genes 33 and 34 proteins act 
synergistically to alter the global pattern of SP01 trans- 
cription in vitro’, 

In conjunction with the previous finding that regulatory 
gene 28 codes for a phage-induced subunit of RNA poly- 
merase‘, the further gene-product assignments reported 
here suggest the following scheme for the temporal control 
of phage SPOIL gene expression (Fig. 5). Immediately on 
infection, host sigma factor directs the transcription of 
phage early genes. Next, at an intermediate time in the 
lytic cycle the gene 28 protein (itself the product of an 
early gene) turns on the expression of middle genes by 
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binding to the host polymerase in the place of sigma factor. 
Finally, the gene 33 and 34 proteins (the products of middle 
g@es) bind to the host transcriptase and activate late gene 
expression. This scheme is undoubtedly an oversimplification 
since it does not account for the turn off of subclasses of 
the early and middle genes at different times in the lytic 
cycle (see ref. 1). In analogy with the model of Fig. 5, the 
coliphage T4 regulatory genes that control late gene expres- 
sion code for proteins that bind to the host RNA poly- 
merase”*”**, 
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Bacteriophage SP01 regulatory proteins 
directing late gene transcription in vitro 


Robert Tjian & Janice Pero 


Biological Laboratories, Harvard University, Cambridge, Massachusetts 02138 


Expression of the temporally defined “late” genes of 
Bacillus subtilis phage SPO/ requires the protein products 
of regulatory genes 33 and 34. These proteins have now 
been isolated in pure form. Together with a host factor 
delta, they act, synergistically to direct “late” gene trans- 
cription in vitro by core RNA polymerase. 


THE temporal programme of gene expression by Bacillus subtilis 
phage SP01 is controlled by phage-coded regulatory proteins 
that interact with the bacterial RNA polymerase (for a review 
see ref. 1). Phage middle-gene transcription is activated at 4-5 
min into the lytic cycle by the SPO! gene 28 product*:*, a 
regulatory protein that binds to B. subtilis RNA polymerase’, 
Enzyme containing the gene 28 protein asymmetrically trans- 
cribes phage middle genes in vitro®®. Phage late-gene 
transcription is turned on 8-12 min after infection and this 
RNA synthesis seems to require the products of two SPOI 
regulatory genes called 33 and 34 (refs 2 and 3), As Fox shows in 
an accompanying article’, genes 33 and 34 code for phage- 
induced subunits of the bacterial RNA polymerase, and Pero et 
al.’ have shown that enzyme containing these phage-coded poly- 
peptides preferentially synthesises late RNA in vitro. Pero 
et al.*7 have also identified a B. subtilis protein called 6 that is 
associated with RNA polymerase from both uninfected and 
infected bacteria, and that markedly enhances the specificity of 
transcription by the phage-modified forms of RNA polymerase 
that copy middle and late genes in vitro. 

To determine whether the subunits of RNA polymerase 
coded by genes 33 and 34 are directly responsible for the 
synthesis of late RNA in vitro, we have isolated these phage 
gene products in pure form free of the host subunits of RNA 
polymerase. By a reconstitution experiment we have shown 
that the gene 33 protein, the gene 34 protein and host 6 protein 
act cooperatively to activate late gene transcription by core 
RNA polymerase. 

a 


Isolation of phage regulatory proteins 


Highly purified RNA polymerase containing the protein 
products of genes 33 and 34 (formerly called subunits VI and V, 
respectively*7) was isolated from phage SPO1-infected cells of 
B. subtilis collected late in the lytic cycle (see legend to Fig. 1). 
The phage regulatory proteins were dissociated from core 
enzyme by denaturation in 6 M urea. To separate the proteins 
from the host subunits of polymerase, the denatured enzyme 
complex was applied to a phosphocellulose column equilibrated 
with buffer containing 6M urea, and eluted with a linear 
gradient of KCI. The phage regulatory proteins were located 
by subjecting alternate fractions from the gradient elution to 
sodium dodecyl sulphate (SDS) polyacrylamide slab gel electro- 
phoresis (Fig. 1a). Next, fractions 15-19 and 31-33 containing 
the phage regulatory proteins and some contaminating host 
polymerase subunits were subjected to gel filtration on 
Sephadex G-100 as a final purification step. SDS slab gel 
analysis showed that gel filtration had separated the proteins 
from each other and from the subunits of core polymerase 
(Fig. 1b). It is interesting that the phage proteins which have 
molecular weights of 24,000 and 13,500 (ref. 6), respectively, 
eluted from the Sephadex column at positions corresponding to 
ovalbumin (molecular weight 43,000) and to chymotrypsinogen 
(25,700). This could indicate either that the regulatory proteins 
have an unusual shape or that they form dimers in 6 M urea. 
Purified gene 33 and gene 34 proteins were obtained by 
pooling fractions 40 to 46, and fractions 32 to 34, respectively, 
from the gel filtration column. Figure 2 shows that each pooled 
fraction apparently contained only a single highly purified 
polypeptide (Fig. 25 and c), corresponding in size to the 
regulatory proteins in phage-modified RNA polymerase 
(Fig. 2a). As further evidence for the identification of the 
purified regulatory proteins, a mixing experiment showed that 
the purified phage proteins of Fig. 2 comigrated during SDS 
gel electrophoresis with the radioactively-labelled protein 
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Fig. 1 Purification of the protein products 
of genes 33 and 34 by phosphocellulose 
chromatography and gel filtration in de- 
naturing conditions. B. subtilis was infecti 
with SPOI at a multiplicity of infection of 5 
and collected 22 min after infection. RNA 
polymerase was purified from 80 g of infected 
cells through DEAE-Sephadex chromato- 
graphy as described previously" except that 
the 2M NaCl extraction during the phase 
partitioning step was omitted. One sixth of 
the DEAE-Sephadex-purified enzyme (5 mg), 
containing the subunits of core RNA poly- 
merase” (B, B, a, œ and @,),6 protein, and 
the polypeptide products of genes 33 and 34, 
was denatured by dialysis against buffer D 
(6M urea, 0.05M Tris, pH 8.0, 0.1 mM 
EDTA, 0.4mM DTT and 0.05 M KCI). a, 
Denatured enzyme was then applied to a phos- 
medic pe column (2cmx8cm) equili- 
rated with buffer D and eluted with a linear 
gradient of 0.05-0.33 M KCI in buffer D. 
Fractions (3 ml) were collected and samples 
(25 ul) from every other fraction were sub- 
jected to electrophoresis on 25-cm-long slab 
gel containing SDS in a Tris-glycine buffer 
and a linear gradient of 7-15% acrylamide". 
b, Fractions 15-19 and 31-33 containing the 
protein products of genes 33 and 34 were 
pooled, concentrated against Ficoll (Sigma) 
to a final volume of 1.5 ml, dialysed against 
buffer D for 2 h at 4 °C and then applied to a 
Sephadex G-100 column (0.9 cm x 100 cm) 
equilibrated with buffer D. Fractions (1 ml) 
were collected and samples (50 pl) from eve 
other fraction were subjected to SDS sla 


gel electrophoresis. To renature the phage-coded proteins, gene 34 protein (in the pooled fractions 32-34) and gene 33 protein (in the pooled 
fractions 40-46) were mixed separately with core RNA polymerase (300 jig) from uninfected cells, concentrated threefold against Ficoll and 
then dialysed against the renaturation buffer (0.05 M Tris, pH 8.0, 0.1 mM EDTA, 25% glycerol, 8 mM DTT and 0.3 M KCI) for 3-6 h at 
4 °C (ref. 13). The added core RNA polymerase which was inactivated on mixing with the regulatory proteins in buffer D did not regain 
significant activity (less than 0.2%) during renaturation. Thus the renatured regulatory protein fractions contained inactive core enzyme. The 
renatured regulatory proteins were stored at —20 °C until used in the reconstitution experiments. We were guided in the isolation and 
renaturation of the SP01-coded regulatory proteins by a discussion of the reconstitution of E. coli RNA polymerase by Zillig et al.’*. 
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products of genes 33 and 34 described in Fig. 1a of the accom- 
panying article’® (date not shown). 

Finally, the two proteins which had been purified in the 
presence of 6 M urea were renatured in the presence of core 
RNA polymerase from uninfected cells (see legend to Fig. 1 
for experimental details). In the conditions we used the presence 
of core enzyme was essential for recovery of the phage 
regulatory proteins in active form. 


Strand selectivity of transcription 


As a test of whether the renatured phage regulatory proteins 
would direct specific RNA synthesis, we asked whether these 
phage-coded polypeptides would cause selective transcription 
from the heavy (H) strand of native SPO! DNA, the strand 
from which late RNA is copied in vivo®™. Figure 3b shows 
that in the presence of both phage proteins and host 6 protein, 
purified core enzyme preferentially transcribed strand H of 
SP01 DNA (an H/L hybridisation ratio of 5.3). For comparison, 
core enzyme containing only added 6 protein exhibited only a 
small preference for strand H (an H/L ratio of 1.9, Fig. 3f) 
while the original phage-modified polymerase plus added 6 
exhibited a strong preference for H strand DNA (an H/L 


Fig. 2 SDS-polyacrylamide slab gel electrophoresis of RNA 
polymerase subunits from uninfected and SPOl-infected B. 
subtilis. RNA polymerase containing the protein products of 
genes 33 and 34 was purified as described previously (enzyme C in 
ref. 6). Purification of the regulatory protein products of genes 
33 and 34 is described in the legend to Fig. 1. Delta was isolated 
from uninfected cells as previously described’ except that a 
DEAE-Sephadex column was used instead of a poly(C)-cellulose 
column to separate the ô subunit of RNA polymerase from the o 
subunit; 5 eluted at 0.5 M KCI while o eluted at 0.25 M KCI. 
Purification of core RNA polymerase from uninfected cells has 
been described previously". The purified proteins were subjected 
to electrophoresis as described in the legend to Fig. 1. a, RNA 
polymerase containing the protein products of genes 33 and 34; 
b, gene 34 protein (fractions 32-34 from Fig. 1b); c, gene 33 
protein (fractions 40-46 from Fig. 15); d, ô protein; e, core RNA 
polymerase. 
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Fig. 3 Effect of phage regulatory proteins 

and host protein on strand selective tran- 

scription. Core RNA polymerase (13 ug) from 

uMinfected cells (Fig. 2e) was mixed with the 

indicated combination of the following: 1.1 60 
ug of renatured gene 33 protein, 1.5 ug of re- 
natured gene 34 protein, 2.0 ug of d protein, or 
mock renaturation reaction mixture to which 
no regulatory protein had been added. 
5H-RNA was synthesised in vitro as described 
previously® except that the reaction mixtures 
(0.5 ml) contained 0.025 M KCI, 0.9 mg 
anti-sigma gamma globulin and were 
incubated at 32°C for 30 min. (The anti- 
sigma gamma globulin was necessary to 
inactivate traces of o that contaminated the 
core RNA polymerase and that severely 
interfered with the transcriptional specificity 
of the reconstituted enzymes.) Hybridisation 
of RNA and preparation of DNA strands 
were as described bp th Hybridisation 
reactions contained the indicated amounts of 
H strand ((_)) and L strand (A) SPO! DNA 
and the following *H-RNAs (representing 
about 5% of the product of the in vitro RNA 
synthesis reactions) in 125 ul of 2x SSC. a, 
RNA synthesised by RNA polymerase 
(6.0 ug) containing the protein products of 30 
genes 33 and 34 together with host 8 purified 

as described in the legend to Fig. 1 (input 

8,960 c.p.m.; background 490 c.p.m.). b, 

RNA synthesised by core polymerase+ re- 

natured gene 33 protein+renatured gene 34 

protein+6 protein (input 9,180 c.p.m.; 


Imput 7#H-RNA hybridised (%) 


background 250 c.p.m.). c, RNA synthesised 0.5 


by core polymerase+renatured gene 33 
protein+6 protein (input 10,510 c.p.m.; 





1.0 0.5 1.0 0.5 1.0 


DNA (ug) 


background 250 c.p.m.). d, RNA synthesised by core polymerase+renatured gene 34 protein+6 protein (input 7,250 c.p.m.; 

background 130 c.p.m.), e, RNA synthesised by core polymerase+renatured gene 33 protein+-renatured gene 34 protein (input 

15,830 c.p.m.; background 340 c.p.m.). f, RNA synthesised by core polymerase+8 protein-+-mock renaturation reaction mixture 
(input 7,010 c.p.m.; background 200 c.p.m.). 


ratio of 8.4, Fig. 3a). Specific RNA synthesis by the recon- 
stituted enzyme required both the protein products of genes 33 
and 34, for the strand selectivity of transcription in the absence 
of either regulatory protein (H/L ratio of 2.0 and 1.8, Fig. 3c 
and d) was not measurably higher than in the absence of both 
regulatory gene products (H/L = 1.9, Fig. 3f). Also, as expected 
from our pretious findings’, specific transcription by recon- 
stituted enzyme required host ô protein in addition to the 
phage regulatory proteins; the strand selectivity of transcription 
by reconstituted enzyme lacking added 6 (an H/L ratio of 1.9, 
Fig. 3e) was only slightly higher than that for core enzyme 
alone (an H/L of 1.3, ref. 6 and data not shown). Thus, the 
reconstitution of enzyme directing strand selective transcription 
required the addition of both regulatory proteins and host & 
factor to core polymerase. 

As an independent test of the asymmetry of transcription we 
measured the formation of RNA‘RNA duplexes between 
labelled RNA synthesised in vitro and unlabelled early, middle 
and late RNAs isolated from phage-infected cells. The per- 
centage of *H-RNA that annealed to the in vivo synthesised 
messenger RNAs was taken as a measure of the proportion 
of in vitro generated RNA representing anti-messenger 
sequences. As expected, a large percentage of the RNA 
synthesised by core RNA polymerase contained anti-mRNA 
sequences (line 1, Table 1). Similarly, RNA synthesised by 
partially reconstituted enzyme containing core polymerase and 
host 6 but lacking the products of either gene 34 (line 2, 
Table 1) or gene 33 (line 3, Table 1) contained high levels of 
anti-mRNA. Likewise, if both phage gene products were 
included but host 6 factor was omitted, a large proportion of 
the in vitro synthesised RNA contained anti-messenger 
sequences (line 4, Table 1). In contrast, very little anti-mRNA 
was generated by the fully reconstituted enzyme containing 
both phage-coded regulatory proteins and host 6 factor (line 5, 
Table 1). For comparison, core polymerase plus host o factor 
also synthesised low levels of anti-messenger (line 6, Table 1). 
Thus, the genes 33 and 34 proteins and host 8 protein act 


cooperatively to catalyse asymmetric transcription of native 
SP01 DNA. 


Synthesis of late RNA 


Hybridisation-competition experiments indicated that core 
enzyme that had been reconstituted with the protein products 
of genes 33 and 34 and host 6 factor preferentially synthesised 





Table 1 Anti-mRNA synthesised in vitro 


% *H-RNA forming duplexes 
with in vivo RNAs 


Early Middle Late 
Enzyme RNA RNA RNA 
Core polymerase 32 33 44 
Core polymerase +6 + 
gene 33 protein 31 30 40 
Core polymerase +6 + 
gene 34 protein 32 31 43 
Core polymerase + 
gene 33 protein + 4l 34 34 
gene 34 protein 
Core polymerase +6 -+ 
gene 33 protein + 12 9 13 
gene 34 protein 
Core polymerase +o 6 7 15 





RNA synthesis in vitro was as described in the legend to Fig. 3 
except that no anti-sigma gamma globulin was included in the 
experiment of line 6. Early RNA was isolated from bacteria treated 
with chloramphenicol (150 ug ml~!) before infection; middle RNA 
was isolated from bacteria collected 25 min after infection by a mutant 
phage (susF4) blocked in the synthesis of late RNA?; and late RNA 
was isolated from cells collected 25 min after infection by wild-type 
SP01. Unlabelled RNA was prepared as previously described’. The 
RNA-RNA annealing reactions contained about 10 ng of “H-RNA 
(800 c.p.m. ng) synthesisied in vitro by the indicated enzyme and 
about 0.15 mg of the indicated unlabelled RNA in a total volume of 
150 ul of 2x SSC. The reactions were incubated at 70 °C for 3 h, 
chilled and incubated with RNase A (20 ug) and RNase T1 (20 U) 
in | ml of 2xSSC for 1 h at 35 °C. RNase resistant material was 
precipitated with 5% trichloroacetic acid. 
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late RNA sequences. “H-RNA synthesised in vitro by reconsti- 
tituted enzyme was annealed to denatured SPO] DNA in the 
presence of unlabelled competitor RNAs containing pre- 
dominantly early, middle or late classes of RNA. To be sure 
that the middle RNA did not contain late sequences, this com- 
petitor was isolated from bacteria that had been infected with 
a mutant blocked in late gene expression (see legend to Table 
1). (Similar competition results, however, were obtained with 
competitor RNA isolated at a middle time after infection with 
wild-type SPO1 (unpublished results and ref. 7).) Figure 46 
shows that the hybridisation of RNA synthesised in vitro by 
the reconstituted enzyme was more effectively inhibited by the 
late RNA competitor than by the middle or early RNA com- 
petitors. This pattern of competition was similar to that obtained 
for the hybridisation of RNA synthesised by the original 
phage-modified polymerase containing the protein products of 
genes 33 and 34 together with 6 protein (Fig. 4a). In contrast, 
the hybridisation of RNA synthesised in vitro by polymerase 
containing the gene 28 protein plus 6 factor was more effectively 
inhibited by middle RNA competitor than by late or early 
RNA competitors (Fig. 4c). As a control, the hybridisation of 
the symmetrical RNA generated by core polymerase plus 5 was 
not preferentially inhibited by the late RNA competitor (Fig. 
4d). Also, analogous hybridisation experiments indicated that 
partially reconstituted enzymes lacking either the gene 33 
product, the gene 34 product or 6 protein did not preferentially 
generate late RNA sequences. Thus, like the strand selectivity 
of transcription, the preferential transcription of SPO1 late 
genes in vitro required the combined effects of both phage-coded 
regulatory proteins and host 6 factor. 


Gene products control transcription 


Our reconstitution experiments establish that the products of 
genes 33 and 34 are directly responsible for promoting the 
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Fig. 4 Hybridisation competition of in vitro 
synthesised "H-RNAs. RNA was synthesised and 
hybridisations were performed as described in the 
legend to Fig. 3 except that the hybridisation 
reaction was incubated for 3 h at 68 °C. Hybridisa- 
tion reactions contained 2.5 pg of denatured 
SP01 DNA, the indicated amounts of unlabelled 
early (©), middle (A) or late (W) competitor 
RNAs prepared as described in the legend to 
Table 1, and the following, in vitro synthesised 
3H-RNA (representing about 5°% of the product 
in the reactions listed below) in a total volume of 
200 pl of 2*SSC. a, RNA synthesised by RNA 
polymerase (6.0 jig) containing the protein 
products of genes 33 and 34 together with host 5; 
50% of the input RNA (8,440 c.p.m.) hybridised 
in the absence of competitor. b, RNA synthesised 
by core polymerase (13 jig)+renatured gene 33 
protein (1.0 ug)+renatured gene 34 protein (1.5 
ug)+ô protein (2.0 ug); 51% of the input RNA 
(9,570) hybridised in the absence of competitor. 
c, RNA synthesised by RNA polymerase (10 ug) 
containing the gene 28 protein (enzyme B of ref. 
7)+6 protein (1.2 pg); 50% of the input RNA 
(9,600 c.p.m.) hybridised in the absence of com- 
petitor. d, RNA synthesised by core polymerase 
(13 pg)+6 (2.0 pg)+ mock renaturation reaction 
mixture; 52°% of the input RNA (7,150 c.p.m.) 
hybridised in the absence of competitor. For each 
hybridisation a background of less than 7% of the 
input radioactivity was subtracted. 


0.4 


asymmetrical transcription of phage SPOI late genes in vitro. 
Since the protein products of genes 33 and 34 were isolated in 
pure form, we further conclude that these two regulatory 
proteins are apparently the only SPOl-coded pffoteins required 
for the synthesis of late RNA in vitro. We have not, however, 
determined whether these two proteins are sufficient to direct the 
transcription of all SPO1 late genes or only a subset of phage 
late sequences. As expected from an earlier study’, the re- 
constitution experiments also show that the specific transcription 
of phage late genes required host protein 6 but not the o subunit 
of RNA polymerase. 

The synergistic effect of the protein products of genes 33 and 
34 on late gene transcription in vitro is in apparent agreement 
with earlier genetic studies indicating that a mutation in either 
gene 33 or gene 34 alone is sufficient to block late RNA synthesis 
in vivo®”. The genetic experiments do not, however, necessarily 
predict that both regulatory proteins are simultaneously 
required for the expression of late genes in vivo. For example, 
as discussed by Fox", it is possible, though unlikely, that the 
gene 33 protein serves only to activate regulatory gene 34 and 
that the gene 34 protein alone is sufficient to direct late RNA 
synthesis in vivo. The in vitro requirement for both regulatory 
proteins for asymmetric transcription of late genes casts doubt 
on such a model. 

It is likely that the SPO1 gene 28 protein also interacts with 
B. subtilis RNA polymerase to activate middle-gene expression. 
Fox et al.* have shown that gene 28 codes for a phage-induced 
subunit of polymerase, and Pero et al^"? and Duffy and 
Geiduschek* have shown that RNA polymerase containing the 
gene 28 product asymmetrically transcribes phage middle 
genes in vitro. In further support for the idea that a phage-coded 
protein confers specificity for middle genes on RNA poly- 
merase, Duffy et al. have partially purified a fraction from 
crude extracts of SPOl-infected cells that causes preferential 
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synthesis of middle RNA by core enzyme. This fraction 
contained a phage-induced protein similar in size to the gene 
2#product that was able to bind to core RNA polymerase from 
uninfected cells. Petrusek ef al.'? have attempted to isolate this 
transcriptional determinant by denaturing in urea an RNA 
polymerase fraction containing several phage-induced proteins, 
including polypeptides that apparently correspond to the 
products of genes 28, 33 and 34. Unfortunately, in both cases 
the protein presumed to direct middle-gene transcription was 
only one component of a partially purified fraction containing 
several proteins and it was not excluded that another polypeptide 
had been responsible for conferring transcriptional specificity 
on the core enzyme. Indeed, a new protein species has been 
identified that is apparently distinct from the product of gene 
28 and that promotes asymmetric transcription of phage 
middle genes in vitro™. Proof that the gene 28 protein itself 
directly influences the transcriptional specificity of RNA 
polymerase therefore awaits the isolation of this phage-coded 
regulatory protein in pure form. 

In summary, our findings establish that two phage-coded 
subunits of RNA polymerase are directly responsible for 
promoting specific gene transcription. How do the protein 
products of genes 33 and 34 work? As they influence trans- 
cription in the absence of the host o factor, we suppose that 
they cause RNA polymerase to initiate transcription at specific 
promoter sites for phage late genes. A test of this idea now 
requires the isolation of fragments of SPO! DNA specifying 
individual late gene transcripts. 
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The yeast amber suppressor, SUP5-a, was previously shown 
to cause the insertion of tyrosine at the sites of UAG 
nonsense codons. Nucleotide sequencing established that 
this SUPS-a suppressor specifies a mutant tyrosine transfer 
RNA (tRNA) which has the anticodon C¥A instead of the 
normal GWA, arijalteration identical to that found in the 
tyrosine-inserting amber suppressor from Escherichia coli. 





Tne three codons UAG (amber), UAA (ochre) and UGA (opal) 
serve as signals for polypeptide chain termination during 
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messenger RNA translation in various prokaryotic and euka- 
ryotic organisms'~*. When one of these codons arises internally 
in a structural gene as a result of mutation, the gene product is 
an incomplete polypeptide. Such nonsense mutations can be 
reverted by an unlinked suppressor mutation, which alters one 
of the components required for protein synthesis and facilitates 
the formation of a completed polypeptide through the insertion 
of an amino acid at the position of the nonsense codon. The 
most extensively studied suppressors arise by mutation of the 
structural genes for tRNA although other suppressors can arise 
by mutation of genes controlling tRNA modification enzymes 
or ribosomal proteins (for review see refs 10-12). Sequencing of 
suppressor tRNAs has shown that the base changes giving rise 
to the suppressor function can occur at the anticodon'~"* and 
in other regions of the tRNA structure”. 

The eukaryotic yeast Saccharomyces cerevisiae can form 


758 


nonsense suppressors similar to those of E. coli (for review see 
ref. 18). Several of these nonsense suppressors have been 
characterised by their action on iso-l-cytochrome ¢ mutants 
which contain defined ochre (UAA) and amber (UAG) muta- 
tions'**°, In contrast to any of the E. coli suppressors, a major 
class of suppressors from yeast acts specifically on UAA and 
not UAG codons. Whereas bacterial ochre suppressors re- 
cognise both UAA and UAG codons, suppressors acting 
specifically on only UAG codons are found in both E. coli and 
yeast. The amino acids inserted by the yeast suppressors have 
been determined from protein analysis of iso-1-cytochrome 
c in suppressed mutants. So far tyrosine, serine and leucine- 
inserting suppressors have been identified (refs 21-25, 45). 
Studies of translation in vitro of mRNA containing nonsense 
codons have shown that the suppressor activities of at least 
some of the yeast suppressors are due to altered tRNAs**:27, 
Such yeast suppressor tRNAs may have a potential application 
in methods for the selection and biochemical characterisa- 
tion**** of nonsense mutants of mammalian cells and their 
viruses. But although the in vitro studies showed that suppression 
is mediated by tRNAs, the results did not indicate whether the 
suppressor mutations caused alterations in either the nucleotide 
sequences of tRNAs or the enzymes that modify them. Also 
the tRNA giving rise to a suppressor cannot always be identified 
from the amino acid inserted at the nonsense codon. This is 
true in the case of the recessive-lethal glutamine and trytophan- 
inserting Su 7 suppressor of E. coli, which is derived from 
trytophan tRNA by a single base substitution in the anti- 
codon'*:**:89 as well as for the glutamine-mischarging mutants 
derived from E. coli, Sut tRNA™” (ref. 34). 

We present here direct evidence that at least one yeast sup- 
pressor arose by the mutational alteration of the nucleotide 
sequence of a tRNA, and we report the nucleotide change in 
this suppressor tRNA. The suppressor examined in this study, 
SUP%S-a, is typical of one of the eight distinct suppressors 
(SUP2-a, SUP3-a, SUP4-a, SUP5-a, SUP6-a, SUP7-a, SUP8-a 
and SUP//-a) that cause insertion of tyrosine at UAG 


Fig. 1 Purification of tyrosine tRNA 
from yeast. Cultures (50 ml) were 
grown at 30 °C in nutrient low phos- 
phate medium* containing 6 mCi of 
carrier-free **P-orthophosphate. Im- 
mediately before collection of each 
culture, a few cells were plated so that 
the proportion retaining the original 
suppressor at the time of collection 
could be determined subsequently by 
measuring suppression of auxotropic 
and iso-l-cytochrome ec nonsense 
mutants. Levels of iso-l-cytochrome € 
were used to distinguish between 
amber suppressors with different effi- 
ciencies of suppression. This was 
necessary because of the instability of 
suppressors and their tendency to 
mutate to less efficient forms**. Only 
cultures in which more than 90% of 
the cells retained the phenotype of the 
original suppressor were retained for 
the analyses. After the rest of the cells 
had been collected by centrifugation, 
RNA was extracted from the cell 

llets*, precipitated with ethanol and 
yophilised. RNA samples were then 
dissolved in small volumes of 0.35 M 
NaCl, 0.01 M MgCl,, 0.01 M sodium 
acetate, pH 5.0, and applied to 1 cm x 
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sites?™®, In addition, a parallel series of allelic suppressors, 
SUP2-0, SUP3-0, and so on, causes the insertion of tyrosine at 
UAA sites”. Nucleotide sequencing established that SUP§-a 
determines a mutant form of tyrosine tRNA which has the anti- 
codon CPA instead of the normal GĦA. This altered anticodon 
was observed whether the amber suppressor arose from the 
wild-type gene or from the UAA suppressor SUP5-o. With our 
techniques we were unable to reveal the tRNA alteration 
associated with the SUP5-o suppressor. We were also unable to 
detect altered tRNA when the SUPS5-a suppressor mutated to 
the less efficient SUP5-a —a' suppressor**. 


Minor tRNA?‘» with altered 


anticodon in amber-suppressing strains 
Only one tyrosine tRNA is found in S. cerevisiae and its 
nucleotide sequence is known**. If the tyrosine-inserting sup- 
pressors of this organism are the products of single-base sub- 
stitutions of tRNA™" genes, such a suppressor tyrosine tRNA 
would be expected to copurify with the bulk of the tyrosine 
tRNA. Eight loci can mutate to these suppressors. Therefore 
when one of them mutates, the product of the mutated gene 
should be a minor component of the total tRNA™*. This can 
be investigated by sequencing tRNA™ associated with strains 
possessing these suppressors, provided this species can be 
isolated to a high degree of purity. We have found that the two- 
dimensional electrophoretic separation of tRNAs on poly- 
acrylamide gel’? can be used routinely to isolate small amounts 
of extremely pure **P-tRNA™* from yeast cultures (Fig. 1). The 
relative positioning of different tRNAs on the gels was suffi- 
ciently reproducible for the tRNA‘ spot (arrowed in Fig. 1) 
to be identified from the spot pattern, once it had initially been 
characterised on the basis of its fingerprint. The sequence 
analyses described here were carried out on the purified total 
tRNA?’ of the strains listed in Table 1. 

S. cerevisiae strain L-133, with the highly efficient tyrosine- 
inserting amber suppressor SUPS5-a**-**, was examined for the 
presence of an altered tRNA ™", As a control, tRNA™* was also 





8 cm columns of benzoylated DEAE-cellulose previously equilibrated with the same buffer. tRNA was eluted in two consecutive steps, by 
applying to the columns first: 0.85 M NaCl, 0.01 M MgCl., 0.01 M sodium acetate, pH 5.0; and later: 1.0 M NaCl, 0.01 M MgCly, 20°, 
ethanol, 0.01 M sodium acetate, pH 5.0. The tRNA fraction eluted by the ethanol-containing buffer was concentrated by ethanol pre- 
cipitation, lyophilised and redissolved in 0.035 ml of gel sample buffer (60% sucrose, 4 M urea, 0.1 M sodium acetate, pH 5.0, 1% xylene 
cyanol FF). It was then separated by two-dimensional gel electrophoresis®®. tRNA spots were located by autoradiography of the wet gels, 
extracted** and individual tRNA species were identified from their fingerprints. a, Autoradiogram of a two-dimensional gel. The scales 
indicate the distances of migration (cm) in the first dimension (1) 10% gel and second dimension (2) 20% gel. The tRNA™* spot is indicated 
by an arrow. b, Fingerprint of a ribonuclease T, digest of tRNA™". The RNA sample was purified on a two-dimensional gel, and individual 
oligonucleotides on the fingerprint are identified by their sequences, i Ar (1) and second (2) dimensions of electrophoretic separation?’ 
are indicated. 
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Table 1 Yeast strains 





Anticodon of 


e 
tyrosine tRNA 
Strain Abbreviated Derived Suppressor product of 
no. genotype from: Suppresses inserts Efficiency SUPS locus 
SL210-3A sup* — None — — GYA 
L-133 SUP5-a sup* UAG Tyrosine high GPA>CYPA 
SL171-2C SUP5-o supt UAA Tyrosine high GYA? 
L-58 SUPS-0--a SUP5-o UAG Not determined high 2>CPA 
L-133a SUPS-a>a’ SUP5-a UAG Not determined low Unknown 





examined for the non-suppressing sup* strain (SL210-3A) from 
which the SUP5-a mutant had been derived. No difference 
between the total tRNA™ of these two strains could be dis- 
cerned when T, or pancreatic ribonuclease digests were finger- 
printed in two dimensions, using electrophoresis on cellulose 
acetate at pH 3.5 in the first dimension and on DEAE paper in 
7% formic acid™ in the second dimension, as in Fig 1b. If, 
however, T, ribonuclease digests were separated by homo- 
chromatography in the second dimension, so as to effect 
better separation of the large oligonucleotides, a distinct 
difference in the fingerprints was apparent. Figure 2a shows a 
fingerprint of sup* tRNA™" digested with T, ribonuclease, and 
Fig. 2b and c shows the corresponding fingerprints of total 
rRNA™ from two different SUPS5-a cultures. A large oligo- 
nucleotide (marked C in Fig. 2b and c) is present in the T, 
ribonuclease digest of the SUPS-a tRNA™ but is absent from 
the corresponding digest of the sup* tRNA™". Since this 
fragment is not one of the normal digestion products of yeast 
tRNAT’’, its nucleotide sequence was determined. It was 
degraded by pancreatic ribonuclease (Fig. 3) to give AifAA Yp, 
ACp, Gp, Cp, ¥p, and Up. Also, after reacting the U, G and Y 
residues with carbodiimide reagent and analysing the products 
of subsequent pancreatic ribonuclease digestion®*, it was pos- 
sible to show that this fragment contained the sequences (C)UC 
and (C)UUG (results not shown). Partial digestion with 
ribonuclease U, gave a series of fragments shown separated in 
Fig. 3, which were identified from their base compositions. The 
data obtained were only consistent with the nucleotide sequence: 
ACUCYWAiAAYCUUGp. Figure 4 shows that this oligo- 
nucleotide is derived from a tRNA™" with anticodon CWA. 
The species with such an anticodon would be expected to 
function as a UAG suppressor. Minor nucleotide analyses 
carried out in conjunction with the sequence analysis of frag- 
ment C showed that the second anticodon base of the sup- 
pressor tyrosine tRNA is pseudouridine, as in the wild-type 


Fig. 2 T, ribonuclease digests of tyrosine tRNA 
isolated from: a, SUP* (SL210-3A); b and c, two 
different cultures of SUPS-a (L-133); d, SUPS-o 
(SL171-2C); e, SUP5-0—>a (L-58), and f, SUP5S-a—-a’ 
(L-133a). Oligonucleotide separation was by electro- 
phoresis on cellulose acetate in the first dimension (1) 
and ascending chromatography on DEAE-cellulose 
thin layers in the second dimension (2) using a 3% 
dialysed homomixture**. A and B identify respectively 
the oligonucleotides pCUCUGp and ‘Ai*- 
AA¥CUUGp. C, ACUCWAiAAVYCUUGD, is the 
anticodon fragment of the amber suppressor tRNA?T?', 
present only in fingerprints (b), (c) and (e). Other 
differences between the fingerprints are due to dif- 
ferences in the resolving power of homomixtures and 
fluctuations in the extent to which T, ribonuclease has 
cleaved the fragment Cm#GCAAGp into Cm3G>p 
and CAAGp. 


tRNA’. The weak intensity of the mutant anticodon spot C 
(Fig. 2b and c) indicates that only 5-8 % of the total tRNA™* 
from the SUPS-a strain existed in the form of this amber sup- 
pressor species, a level that is consistent with this species being 
the product of one of the eight genes for tyrosine tRNA. A 
UAG-specific suppressor can therefore be generated in both 
E. coli*® and yeast by mutation of the first base of the tyrosine 
tRNA anticodon. 

The tRNA™ from other amber suppressor alleles of SUPS 
was also examined. The SUP5-o-a allele was obtained™ by 
mutation of the SUPS-o UAA suppressor, in contrast to the 
SUP%S-a allele which was obtained directly from the sup* wild 
type. But SUPS-o--a and SUPS-a are phenotypically indis- 
tinguishable and the sequence analyses of their tRNA™" 
(Figs 2e and 3c and f) indicate that they are identical. 

Since we have shown that these suppressors arise by mutation 
of the tyrosine tRNA anticodon, it is possible to study the 
structure and function of this species, as has been done with 
E. coli and bacteriophage tRNA suppressors. It has been 
shown that second base changes in the yeast amber suppressor 
tRNA?" result in the suppressor functioning at a lower effi- 
ciency*?. We have analysed one of these suppressors, SUPS- 
aa! in strain L-133a which arose by an intragenic mutation of 
SUP5-a in L-133. In the fingerprint of tRNA™' from SUPS 
aa’ (Fig. 2f), the anticodon fragment of the amber suppres- 
sor tRNA was either absent or present at an undetectable 
level. It is possible that the second site mutation of the SUPS- 
aa’ locus causes a reduced synthesis of suppressor tRNA, 
in much the same way as certain mutations of the su,* tRNA™*® 
gene of E. coli impair tRNA maturation”. 


Lack of identification 

of UAA-specific suppressor 

Unlike bacterial ochre suppressors which recognise both UAA 
and UAG codons, yeast UAA suppressors act only on UAA 
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Fig. 3 Pancreatic and U, ribonuclease digests of the anticodon 
oligonucleotides of the UAG suppressor tRNA'’. a and c, 
Pancreatic ribonuclease digests of ACUCPAi®AAYCUUGp, 
the anticodon loop fragments of the amber suppressor tRNA ™', 
derived, respectively, from strains SUPS-a and SUPS-o-—-a. b, 
Marker digest of YAiIAAYCUUGp. Separation was by electro- 
phoresis, | kV for 3h, on DEAE paper at pH 3.5. d and f, U, 
ribonuclease digests of the anticodon loop fragment of amber 
suppressor tRNA®" derived from SUP5-a and SUPS5-0--a, 
respectively. e, Marker U, digest, of WAiAAYCUUGp. 
Digestion was with 0.05 ml of U, ribonuclease (0.1 U ml~), 
0.05 M sodium acetate, pH 4.5, for 4h at 37 °C, and separation 
was by electrophoresis, | kV for 6h on DEAE paper in 7% 
formic acid. 


and not on UAG codons. The only E. coli ochre suppressor 
which has been sequenced is the tR NAoc!”", This species has the 
anticodon U*UA"™:** and should therefore decode both UAA 
and UAC to UAG according to the ‘wobble’ theory of codon- 
anticodon recognition®™, A mutant suppressor glutamine tRNA 
of phage T,, with NUA anticodon, also recognises both UAA 
and UAG?*:*, There have been two proposals to explain how an 
ochre suppressor tRNA" of yeast might be able to decode 
UAA but not UAG. According to the first hypothesis", the 
anticodon is presumed to be IYA (topaz) obtained by mutation 
of the anticodon to AUA, followed by enzymatic modification, 
thus giving a tRNA which should translate UAA in addition to 
the two normal tyrosine codons. The second hypothesis?! is that 
the mutant tRNA™” has the anticodon SWA (sepia) where S is 
2-thio-5-carboxymethyluridine methyl ester. This modified 
nucleoside has been identified as the first anticodon base in 
tRNA," (ref. 42) and tRNA," (refs 43, 44) from yeast. In 
this position it pairs preferentially with adenosine rather than 
guanosine in the third position of a codon. A third possibility 
might be that a weak recognition of UAA by tRNA?” is 
enhanced by a base change outside the anticodon. This is known 
to be the case for UGA recognition by a suppressor tRNA™™ of 
E. coli’. An anticodon change, however, is much more probable 
in view of the demonstration that tyrosine-inserting ochre 
suppressors of yeast can mutate to allelic amber suppressors. 
To explore these possibilities, we fingerprinted tRNA from 
strain SL171-2C which carries a tyrosine-inserting ochre sup- 
pressor, SUP5-o, that is allelic to the amber suppressor SUPS-a. 
According to the second hypothesis, the UAA suppressing 
tRNA™ should yield the fragment ACUSYAiAAYCUUGp 
on digestion with T, ribonuclease. This oligonucleotide differs 
in only one base from the anticodon fragment of the SUP5-a 
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tRNA™*. Assuming the unstable S nucleoside does not produce 
anomalous behaviour, such an oligonucleotide should occupy 
almost the same position on the fingerprints as the amber sug- 
pressor anticodon at spot C. In the fingerprint of the SUPS5-o 
tRNA™ (Fig. 2d) no spot could be seen in this position. If, 
however, the ochre suppressor has an IYA anticodon, then the 
sole difference between a T, ribonuclease digest of this species 
and that of normal tRNA™” will be the presence of ACUIp in 
place of ACUGp (Fig. 15), since the enzyme cleaves poly- 
nucleotides after both G and I. Because of technical difficulties 
in identifying a small amount of a *“P-labelled minor nucleotide 
from a very small fraction of the SUP5-o tRNA™*, we did not 
pursue this analysis further. 


Interpretation 

Nucleotide sequencing established that the yeast amber sup- 
pressor SUP5-a determines a mutant form of tRNA? which 
has the anticodon CWA instead of the normal GWA. This 
mutationally altered anticodon is consistent with amber sup- 
pressibility according to the wobble hypothesis and it cor- 
responds to the anticodon of a tRNA'™* amber suppressor of 
E. coli. Although we were unable to detect the nucleotide 
changes of tRNA™ associated with the UAA suppressor 
SUPS5-o, the amber suppressor anticodon was clearly absent. 
The nature of the anticodon in the SUP5-a tRNA" could be 
inferred from the observation that the tRNA™ corresponding 
to the amber suppressor SUP5-o--a, which was derived by a 
single-step mutation from SUPS5-o, seemed to have an identical 
sequence to SUPS-0 tRNA™* which was derived by a single- 
step mutation from the wild-type gene. Assuming that the 
mutations occurred by single-base changes, the simplest 
interpretation of these results is that the UAA suppressor is a 


Fig. 4 Primary structure of yeast tRNA™' (ref. 35) showing the 
anticodon base substitution present in the amber suppressor 
tRNA!” species. 
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tRNA™ having an alteration of the first base in the anticodon, 
although the base in question has not been identified. 
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Š a 


The effect of perturbations in the bore diameter on the 
intonation of wind instruments is investigated. From 
measurements of the bore and the amplitude of the standing 
waves, a modified bore shape is calculated to give any 
desired correction in intonation. 





MusıcaL instruments have evolved over the centuries very 
much by trial and error. In spite of scientific investigation, 
many undetermined factors critically affect the performance of 
instruments, and empirical methods of design are still necessary, 
Some features, however, are easily amenable to quantitative 
treatment, and we present here the results of some calculations 
and experiments on improving the intonation and tone colour 
of the trumpet. 

All brass instruments have acoustical and mechanical 
inadequacies for which most players automatically compensate’, 
To the average listener an instrument may sound perfectly in 
tune but this largely results from the competence of the player 
who may be able to ‘lip’ a note by + 1 semitone, usually at 
the expense of tone colour. Similarly, the intonation of inex- 
perienced players tends to be more affected by the deficiencies 
of their instruments. 

The frequency of a note produced by a trumpet is determined 
by a complex interaction between the vibrating air column in 
the instrument and the player’s lips. It is also affected by 
acoustical feedback to the player’s ears, and differences of 
more than 10 cents (1 cent = 0.01 tempered semitone) occur 
when different players use the same instrument. The frequency 


is, however, always very close to a resonance frequency of the 
air column in the trumpet. 

The necessity of first eliminating the contribution of the 
individual player to the intonation has been recognised by 
several workers*~’, but no satisfactory method of artificial 
excitation has yet been described. We have used a modification 
of the method originally described by Webster? to measure 
the resonance frequencies of the air column in the trumpet. 
The apparatus (Fig. 1) operates over the frequency range 
C, (65 Hz) to B, (3,951 Hz) (C, = middle C) and includes 
an automatic locking device for the location and tracking of 
resonance peaks. It gives a digital display and printed record 
of the amplitude and intonation of each resonance (in cents) 
relative to the equitempered scale. 

It was found that the frequency of each resonance of an 
instrument corresponded closely with the mean of the frequencies 
produced for this note by a number of players, so that obser- 
vations with this apparatus can therefore be used for the basis 
of quantitative measurement of the intonation of the instrument. 


Resonances and tone colour 


The resonance frequencies are principally determined by the 
shape of the bore of the trumpet, and evolution has produced a 
bore shape with resonances fairly close to the appropriate 
notes of the equitempered scale. Unfortunately intonation is 
not the only consideration in fixing the resonances as the 
following example shows. 

Figure 2 shows the first 10 resonances of the tube with their 
corresponding equitempered frequencies. When the trumpet is 
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Fig. 1 The apparatus designed to locate automatically and 
track the resonances of a wind instrument. Digital displays 
indicate the intonation and amplitude of the resonances. 


sounding a steady note, D, (587.33 Hz), the frequency of the 
second harmonic of this fundamental is 1,174.7 Hz, and this 
strongly excites the resonance at 1,174.7 Hz. This resonance 
is also near the fourth harmonic (at 1,165.4 Hz) of the funda- 
mental Bb, (233.08 Hz). But because this harmonic misses the 
resonance peak by 14 cents, its strength is not so strongly 
reinforced, and this has a significant effect on the tone colour 
of Bb. 

In practice, the harmonics of any note fall near but not 
exactly on the resonances of the tube, and are, to varying 
degrees, reinforced by resonance. The resonances strongly 
affect the tone colour of notes, and hence the choice of a set of 
resonances is inevitably a compromise between their intonation 
when used as fundamentals, and their reinforcement of the 
harmonics of other notes. We are not concerned here with this 
compromise, but we show how the design of the bore shape 
can be modified to move selected resonance frequencies by 
small amounts to desired values. 


Perturbations in the bore 


It has been known for many years that small changes in the bore 
cross section near a node or antinode of the standing wave will 
change the resonance frequency. A decrease in area at a 
pressure antinode produces an increase in that frequency, and 
an increase in area gives a frequency decrease. At a pressure 
node the effects of changing the area are reversed. We have 
used perturbation theory to calculate the change in a given bore 
shape necessary to produce prescribed changes in each of the 
resonance frequencies. 

The pressure oscillations P,(x), at frequency f, in a standing 
wave in the air column in a horn, of cross section S(x), at a 
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distance x from one end, are described by the approximate 
wave equation? 


sf 2 
|} Ye 5(x)P (x) = 0 (1) 
dx c 








d 


where c is the velocity of sound. The boundary conditions at 
the mouthpiece and open end are assumed to be 


dP 
P(x) = BE 





x=0,L 


where the constant B may be different at the two ends of the 
instrument but the values are assumed to be independent of the 
mode of oscillation. This is a standard Sturm-Liouville equation 
and the solutions form a complete orthonormal set’. 

If the cross section S(x) is perturbed by a small change 
S(x) and s(x) = 5S(x)/S(x) the first-order change in the 
resonance frequencies can be shown to be 


B 
A = | s(x)G ,(x)dx (2) 
? 0 
where 
Gaz) E A Po pre (3) 
MX) = AN SF, dx “en 


In deriving this, it is necessary to take 5S zero at both ends of 
the instrument so that the. boundary conditions are not 
changed. The vaiues of P,(x) used above are taken to be 
normalised so that 


L 


[ sp.a = 1 (4) 


This implies that the dimensions of P are L~*#, and not those 
of pressure. An alternative expression for G,(x) can be derived 
using equation (1) 


Gx — — E ES Pe) (5) 
ue IERM dx dx * 

We wish to prescribe ôf„ and calculate 5S(x). It is clear that 
the solution is not unique and we shall seek the ‘smoothest’ 
change in the bore that produces the required frequency 
shifts. It may be inconvenient to make changes over the whole 
instrument, because of the valves and tuning slides, and we 
shall restrict them to the section x = 0 to x = /. To avoid 
discontinuities in the bore we need 5S(0) = 0 and 6S(/) = 0. 


Fig.2 The first 10 resonances of a trumpet with their associated equitempered frequencies. *Not normally used. 
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Note Bb, Bbs F, Box 
Frequency (Hz) 116.54 233.08 349.23 466.16 


is bo eS 2e 2 
5 6 7* 8 9 10 
D; F, Abs Bbs CG D, 
587.33 698.46 830.61 932.33 1,046.5 1,174.7 


Nature Vol. 262 August 26 1976 


A suitable measure ,of smoothness is the mean square 
derivative 





j [sorora 


and we minimise this, subject to the constraints that s(x) 
produces the required frequency shifts using Lagrange’s method 
of undetermined multipliers, that is we minimise 
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m=1 


The Euler equation for this problem is 


N 
HSO = Y dnGals) 
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Integrating twice gives 


N x 
«= > bP aad | Gt? © 


m=1 0 
A and B are arbitrary constants of integration and they can 
be chosen to make 5S(0)= 0 and 8S(/)= 0, and ym is a 
multiple of À m. : i 
Substituting this into (2) gives N linear equations which, 
together with the conditions on 5S, determine the N+2 con- 
stants Hm, A, B. Equation (6) then gives the required change 
in bore. 


Fig. 3 The physical shape of a trumpet (not to scale) with 
P(x) and G,(x) for selected modes. 
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The reader may wonder why we have used the ‘smoothest’ 
perturbation rather than the ‘smallest’ one. If we define 


z= | [s(x)]?dx 


and find the function s(x) that minimises this and produces the 
required frequency shifts we get 


$2) = > unGa) D 


m 


This cannot, however, be used as a solution to our problem as 
it does not ensure that &S(0) = 0 and 5S(/) = 0. 


The eigenfunctions for the standing waves 

To perform the calculations of the previous section the functions 
P(x) are required. Although it is possible, in principle, to 
calculate these given the cross-sectional area of the trumpet, 
it is undoubtedly easier to observe them. 
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Fig. 4 The bore shape of a trumpet (conical and cylindrical 
portions) before and after perturbation. ——, Perturbed bore; 
— —, original bore. 


In a standing wave, when damping is very small, the oscilla- 
tions have the same phase at all points between adjacent nodes. 
and the phase changes by m across each node. The result is 
not exact if damping is included, but as we have neglected 
damping, even in equation (1), there is no advantage in 
observing the phase of the pressure oscillations, and we assume 
the phase is 0 or x. The function P,(x) is therefore given by 
the observed pressure amplitude between alternate pairs of 
nodes and minus the observed pressure in the gaps. 

The derivative dP,/éx is also required. Because of the well 
known dangers of numerical differentiation we obtain this by 
integrating equation (1) giving 


x 


APA) Anfa c 
de s ee 5@) 








The value of the constant of integration C is found by inte- 
grating again, thus introducing another constant, and finding 
both constants by satisfying the equations at two particular 
values of x. 


Varying the length of pipe over 
which the perturbation is made 


An interesting result can be derived about the mean square 
perturbation, which can be evaluated using equation (7). This 
can be differentiated with respect to l, bearing in mind that the 
numbers u depend on /. The derivatives of u can be eliminated 
by differentiating equation (2) and we get the remarkable 
result í 


0g 3 
3 = b] @) 


It follows that @¢/0/ is never positive, and the mean square 
value of the perturbation required always decreases as we 


764 


spread the perturbation over longer lengths of the tube. 


Asymptotic results 


The high eigenvalues of a Sturm—Liouville equation have 
simple asymptotic distributions®. When n is large, fa ~ nce/2L 


and 
P pi 2 = 1\nx 9 
n(x) ISG) cos n> zt a 


in which 6, depends on the boundary conditions. A musical 
instrument like the trumpet has evolved into a shape such that 
the frequencies of the resonances are almost uniformly spaced. 
In other words, the formula f, ~ nc/2L, which can be proved 
for large n, is in fact almost exact for all n. This suggests that 
the associated asymptotic eigenfunctions, P,(x), might be 
good approximations for all n. This would avoid the difficult 
measurement of P,(x). If the boundary conditions in the 
trumpet are approximately 


dP, 
PAL) = 0 and] J 


we can show that 


Gx) ~ — jon MD) 








L L 
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The integrals involved in the calculations can now be evaluated 
analytically. 

We have tested the usefulness of this by prescribing some 
values for fn, calculating the bore shape required using the 
asymptotic expression for G,(x) and then calculating the exact 
frequency shifts (equation 2) that this bore shape would 
produce, using the correct observed value of G,(x). The changes 
produced are found to be in the right direction, but the mag- 
nitude of error is large. The asymptotic results can, however, 
be usefully employed if (a) a rapid approximate answer is 
required: the measurement of P,(x) is time consuming, or 
(b) if a very high harmonic needs adjustment, where the 
observations of the resonance are impossible. 


Verification of the theory 


The trumpet was driven by the automatic tuner described in the 
first section and the sound pressure was measured in two 
ways; using probe tubes inserted radially through holes in the 
bore at each centimetre of the instrument’s length and using a 
long flexible probe drawn through the instrument. There was 
little variation between the results of either method and they 
are shown with the computed functions G(x) in Fig. 3. 

An earlier section has indicated the difficulties involved in 
deciding upon the optimum intonation of an instrument. To 
verify our ideas, however, these arbitrary changes were chosen: 





Intonation (cents) 


3 4 5 


6 8 9 10 
Resonance mode 


Fig. 5 Relative intonation of seven resonance modes. 
@, Required change in intonation; O, change obtained by 
perturbation. 
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for the fifth and tenth order resonance, a change of -++5 cents 
for the sixth order resonance a change of —5 cents, and all 
other resonances to be unaltered. Similarly, the perturbed 
length was arbitrarily restricted to the first 0.9 m of the ingtru- 
ment. This bore provides the ‘open’ notes of the instrument and 
additional tubing is inserted by valves to produce a chromatic 
scale. Consequently the effect of our perturbation is likely 
to be less accurate as more tubing is added; the perturbation 
method could be applied to this valve tubing for further 





0 l 2 3 4 5 
Frequency (kHz) 


Fig. 6 The spectra of note D; (587.33 Hz) blown by a pro- 

fessional musician. (a) before, and (b) after perturbation. Both 

notes were played mezzo forte in an anechoic chamber with the 
michrophone at 1 m along fhe axis of the instrumeut. 


correction to notes using valve tubes. Equation (8) implies 
that because of the relatively short length of the valve tubing, 
only small intonation corrections could be made in this way 
without unacceptably large diameter changes% 

A graph of the new bore shape (Fig. 4) indicates a maximum 
change in diameter of < 0.2 mm. This may be compared with a 
maximum of 0.14 mm for the smallest mean square perturbation 
mentioned earlier. 

The new shape was reproduced with glass reinforced plastic 
and its resonances measured using the automatic tuner. There 
is close correspondence between the required and measured 
intonation (Fig. 5); the small errors mainly arise from the 
difficulty in producing a new bore to an accuracy of better 
than 0.02 mm. 

It can be appreciated from the qualitative effects of diameter 
changes at nodes and antinodes that some prescribed frequency 
shifts may require conflicting diameter changes. The result 
in these cases is that very large increases and decreases in 
diameter are required over short distances. These would be 
unacceptable for a musical instrument and would also render 
our first-order perturbation theory invalid. Our optimisation 
procedure makes sure that large changes in diameter are not 
used unnecessarily. 

For comparison another calculation has been made which 
assumes a non-optimum bore shape given by a superposition 
of sine waves. The maximum diameter change required here 
was 3 mm. 


Curing a faulty trumpet 

Although the foregoing theory is not ideally suited to the 
complete acoustical design of a new instrument, the best 
application of this work is with the improvement of the 


| 
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individual notes of prototype or production instruments. One 
such instrument was found to have a weak second harmonic 
when playing D; (587.33 Hz) (Fig. 6a). As already mentioned, 
this harmonic uses the tenth resonance for reinforcement; and 
this was found to be flat with respect to the fifth. The tenth 
resonance is not normally played as a fundamental and hence 
can be altered to improve the tone colour. Using our new 


technique we were able to raise this tenth resonance by ten. 


cents to give the improved response (Fig. 6b). 
This work was supported in part by the SRC and Boosey 
& Hawkes Ltd. We thank Dr D. M. A. Mercer for encourage- 
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ment and also acknowledge the assistance of Mr W. Tompkins 
and the trumpet player, Michael Laird. 


Received May 13; accepted July 21, 1976 


1 Smith, R. A., thesis, Univ Southampton (1974). 

2 Martin, D. W., thesis, Univ. Illinois (1941). 

3 Webster, J. C , J acoust. Soc. Am , 19, 902-906 (1947). 

4 Igarashi, J , and Koyasu, M., J. acoust. Soc. Am., 25, 122-128 (1953) 

5 Hunt, F. V., J acoust Scc. Am., 10, 216-227 (1939). 

6 Backus, J., and Hundley, T. C , J. acoust Soc. Am , 49, 503-519 (1970). 

7 Benade, A. H., and Jansson, E. V., Technical Report (Speech Transmission 
Laboratory, Royal Institute of Technology, Stockholm, 1973). 

8 Morse, P. M., Vibration and Sound, 2nd ed , 269 (McGraw-Hill, New York, 1948). 

9 Morse, P. M., and Feshbach, H, Methods of Theoretical Physics, par. 63 
(McGraw-Hill, New York, 1953). 








letters to nature 


Does Mercury have a molten core? 


THE discovery of an intrinsic magnetic field for the planet 
Mercury by Mariner 10 (ref. 1) and its preferred source in an 
internal dynamo? imply the existence of a conducting molten 
core. We propose here a feasible, non-seismic observational 
experiment to determine the existence and extent of such a 
molten core, which would be vital for calculations of Mercurian 
thermal histories and dynamo field generation. 

Siegfried and Solomon? have calculated two thermal histories 
for Mercury leading to a differentiated and an undifferentiated 
planet respectively. In, the latter models, of course, Mercury 
would have no core. Even in the differentiated model a once 
molten core tends to solidify as the planet cools. Whether or not 
a given differentiated model leads to a molten core persisting to 
the present depends critically on assumptions about initial 
conditions (the time of core formation), the time varying 
distribution of radioactive elements within the planet, thermal 
conductivities and the extent and efficiency of convective heat 
transport. Even with all the radioactive elements being removed 
from an initially differentiated molten core, Fricker et al.4 have 
shown that a quid outer core 500-km thick may still persist if 
one accounts for a thermal barrier at a liquid iron-solid silicate 
core-mantle boundary. The thermal barrier results from the 
higher melting point and lower thermal conductivity of the 
silicates—the liquid iron core temperature rises above the 
melting curve near the core-mantle boundary thereby decreasing 
the core temperature gradient. If the solid mantle is allowed to 
convect, however, it must contain a density of heat sources 


comparable to the Earth’s mantle-wide average if the core is to. 


remain molten’. f 

Since we cannot be certain about the convective heat trans- 
port or the distribution of'heat sources, theoretical predictions 
about the nature of the Mercurian core are not conclusive. 
There is thus a severe need for the experimental determination 
of some of the key internal parameters or, more directly, for an 
experiment which would determine unambiguously the extent 
of any fluid core. The latter would motivate considerable 
research into the generation of planetary magnetic fields and 
would place bounds on the internal parameters related to the 
thermal history—whether or not the core was found to be 
molten. Fortunately, the effects of a liquid core on the dynamics 
of Mercury’s rotation affords a technically feasible, albeit 
expensive means of determining unambiguously the nature of 
Mercury’s core®, 

There are two necessary conditions for this scheme to work. 
First, a liquid core must not follow the mantle’s forced librations 
(88-d period) in longitude, which arise from the periodic solar 
torque on its asymmetric mass. Second, the core must follow 
the mantle on the time scale of the 250,000-yr precession. We 
shall assume these two conditions are satisfied to develop the 





method and subsequently establish bounds on the core vis- 
cosity for which they are satisfied. 

The amplitude of the physical librations in longitude with 
the period of a Mercury year is’ 


3(B—A 1 959, _B-A 


where A< B<C are principal moments of inertia of the entire 
planet, e is the orbital eccentricity and C,, is the moment of 
inertia of the mantle alone. The physical libration is thus 
larger than it would have been if the core were solid. (The core 
is assumed axially symmetric, so it does not contribute to 
B—A.) The tides carry Mercury to a configuration which is a 
generalisation of Cassini’s laws for the Moon’, where the spin 
axis, orbit normal and normal to the invariable plane remain 
coplanar as the first two vectors precess around the last with a 
250,000-yr period. In this ‘Cassini state’, the following relation 
is satisfied®* 


Kio =). xeo( 2) =KQ) Ø 


where Kı, Kə, K; are constants involving the orbital eccentricity, 





‘inclination and mean motion and the planetary spin angular 


velocity and explicitly the obliquity 0. In equation (2), K,<K, 
and can sometimes be neglected as it hasbeen in the classical 
determination of (C—A)/C for the Moon’. Note that C and 
not C,, is appropriate here, because of our assumption that any 
liquid core is able to keep up with the mantle precession. Also, 
0 and @, are measurable quantities. 

The second degree gravitational harmonics are related to the 
moment of inertia differences by : 





ae ke 3 
J. MR? 2 MR? 6) 
B—A 
Ca = 4MR, 


where M and- R are the planetary mass and radius respectively. 
Equations (3) can be solved for (B— A)/MR? and (C—.A)/MR? 
in terms of J; and C} where the latter two quantities can be 
determined by tracking one or more artificial satellites. Sub- 
stitution of the solutions of equations (3) into equation (2) 
yields a numerical value for C/MR? since the K are known 
once the obliquity 6 is determined. This number, already 
determined for the Moon by the same procedure", is a measure 
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of the density distribution in the planet. (C/MR?~0.33 for the 
Earth, ~0.40 for the Moon, ~0.40 for an homogeneous 
sphere.) 

Finally, measurement of the amplitude of the physical 
libration @, yields (B—A)/Cn from which three known factors 


yield 
Cm \(B—A\(/MR*) Ca c] 4 
B-AN\ MR?)\ Cc} CO 4) 


A value for Cm/C of 1 would indicate the core to be firmly 
coupled to the mantle and hence most probably solid. If the 
entire core or the outer part is fluid, C,,/C~0.5 for the large 
core size (R. ~0.75R} in current models of the interior‘. 

How good are the assumptions that a fluid core will not 
follow the short period physical librations but will follow the 
long period precession? The appropriate time scale to compare 
with the 88-d and 250,000-yr periods is the ‘spin up’ or ‘spin 
down’ time for the core fluid (rotating at a slightly different 
angular velocity) to approach the perturbed angular velocity 
of the mantle". 





t= Rdw (5) 


where R, is the core radius, v is the kinematic viscosity and y is 
the spin angular velocity of the planet. If t> 88 d the core will 
not follow the mantle libration, whereas if t< 250,000 yr, the 
core will follow the mantle precession. These bounds on t lead 
to the bounds on v of 


8x 10-*<v<2x 10° cm? s71 (6) 


where both necessary conditions for the determination of 
C,,/C are satisfied if v is within these bounds. This is almost 
certainly true since the range in equation (6) includes the 
complete range estimated for the Earth’s core of 5x 107% 
107 cm? s™ (ref. 12). 

The numbers o, 6, Ja and Cz must be determined to find 
Cm/C and hence the extent of the Mercurian liquid core. The 
first two are O(20”—40”) and O( <$1°) (ref. 9, and B. A. Smith, 
personal communication) respectively and will almost certainly 
require rather sophisticated instrumentation on the 
surface of the planet. The latter two can be obtained from 
precise tracking of artificial satellites. The design of instru- 
mentation to measure the small angles @ and 0 which is within 
the weight limitations and which will survive the possibly hard 
landing of any spacecraft sent to Mercury’s surface is a.severe 
challenge. The large scientific return which could, however, be 
realised from such surface instrumentation means. that the 
attempt at the design should be made. 


S. J. PEALE 


Department of Physics, 
University of California, 
Santa Barbara, California 93106 
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Structure of the extended solar 
magnetic field and the sunspot cycle 
variation in cosmic ray intensity 


Tue interplanetary magnetic field within several astronomical 
units of the Sun appears to have one polarity in most of the 
hemisphere north of the solar equatorial plane and the opposite 
polarity in most of the hemisphere south of the equatorial 
plane'~’. The two hemispheres are separated by a curved 
current sheet that typically crosses the solar equatorial plane in 
either two or four places, thus dividing the equatorial region 
into either two or four sectors. Near sunspot minimum, at 
1 AU the curved current sheet has a spread in latitude of typically 
+ 15°, so that the sector boundary (the current sheet separating 
the two hemispheres of opposed field polarity) is almost parallel 
to the solar equatorial plane. In the photosphere, on the other 
hand, the sector boundary makes an angle of ~ 90° with the 
equatorial plane®. At 1.5Ro, in 1972 and 1973, the angle 
between the sector boundary and the equatorial plane was 
~ 45° (ref. 9), and at 3-10Ro the angle between boundary and 
plane was ~ 25° (ref. 10). A schematic diagram of this structure 
for the case of four sectors is shown in Fig. 1. We here propose 
that a connection exists between the extent of these magnetic 
fields and the observed variations in cosmic ray intensity at the 
Earth. 

In the photosphere, near sunspot minimum, the sector 
magnetic fields cover a range in latitude of typically +40° (ref. 8), 
while at 1 AU the comparable range in latitude has been 
compressed to perhaps +15°. How is this compression in 
latitude accomplished? A typical magnitude of the sector 
magnetic fields in the photosphere is 0.5 gauss (P. H. Scherrer 
and T. L. Duvall, personal communication). This is a measure 
of the large scale field that will dominate in the region a few 
Ro above the photosphere, where the smaller scale but much 
stronger fields associated with active regions do not reach. In 
the polar regions of the Sun the large scale unidirected 
photospheric field has a typical magnitude of perhaps 5 gauss 


(R. Howard, personal communication). Thus, at 1 or 2Ro 
e 


Fig.1 Schematic showing the warped current sheet in the inner 
Solar System (inside 6 AU). This current sheet divides the 
interplanetary magnetic field in the heliosphere into two regions 
with oppositely directed field lines. In one region the field polarity 
is away from the Sun (at present this region is north of the solar 
equator), in the other region the field polarity 1s toward the Sun. 
The situation is shown for a four-sector structure, that is, as the 
current sheet ıs rotated past a stationary observer in the course 
of a solar rotation, the observer will see four changes of magnetic 
polarity, suggesting that the interplanetary magnetic field 1s 
divided into four sectors of alternating polarity. Where the 
current sheet lies above the solar equatorial plane it 1s shown by 
full lines, while dashed lines indicate that the current sheet is 
below the equatorial plane. The extent in latitude of the current 
sheet was assumed to be +15°. The Sun at the centre is not 
shown to scale. 
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above the photosphere, and above the region of influence of 
active regions, the magnetic pressure associated with the solar 
polar regions is two orders of magnitude larger than the 
magnetic pressure associated with the equatorial sector 
structure. This will compress the equatorial sector field structure 
into a narrow range of latitudes. This effect can be clearly seen 
in the sketch in Fig. 2 made from an eclipse photograph taken 
at solar minimum in 1954 (ref. 11). 

During an interval near sunspot maximum, when the solar 
polar field polarities are reversing, the magnitude of the polar 
fields may be considerably less, and the resulting compression 
of the equatorial field structure also much less. The sector 
structure fields may then occupy a much larger fraction of the 
heliosphere. Since the sector structure fields reverse polarity 
typically four times or two times per solar rotation, a galactic 
cosmic ray headed towards the Sun may encounter con- 
siderably more magnetic scattering from the complex sector 
structure field than from the unidirectional field that fills most 
of each solar hemisphere near sunspot minimum. This geo- 
metrical effect may be the principal cause of the 11-yr modu- 
lation of cosmic-ray intensity observed at the Earth, since the 
solar-wind velocity!? and the magnitude of the interplanetary 
field? observed near the Earth have not changed very much 
during the present sunspot cycle. 

The fraction of the heliosphere occupied by sector-structure 
fields as a function of time through an average sunspot cycle 
can be estimated in the following way. Because the current 
sheet shown in Fig. 1 is warped with respect to the solar 
equatorial plane, during the half year when the earth is north 
of the equatorial plane an interplanetary sector with the same 
polarity as the northern solar polar region is observed to be 
wider than it would be if observed when the Earth is in the 
equatorial plane of the Sun. For example, assume that there 
are two sectors per solar rotation and that the extent in helio- 
graphic latitude of the sector structure near the Earth is +20°. 
When the Earth is at a latitude near 7°N (near September 7), 
the sector whose polarity is the same as the northern polar 
region will be observed to last 16.5 d, as compared with the 
13.5d it would last if observed when the Earth is near the 
solar equatorial plane. For comparison, if the extent in helio- 
graphic latitude of the sector structure near the Earth is +45°, 
then the sect®r with the same polarity as the northern polar 
region will have a length of 14.6d when observed near the 
Earth at 7°N. We see that if we measure the magnitude of 
this Rosenberg-Coleman effect!45 through a sunspot cycle 
we can estimate the extent in heliographic latitude of the sector 
structure. 

We have used an harmonic analysis to compute the average 
amplitude of the Rosenberg—Coleman effect as a function of 
years from the time of sunspot minimum for the. four sunspot 
cycles whose minima were near 1934, 1944, 1954 and 1965. 
Interplanetary field polarities inferred from polar geomagnetic 
variations® were used, and the resulting amplitude of the 
Rosenberg—Coleman effect was multiplied by 1.43 to correct 
for the ~85% accuracy’”1® of the inferred interplanetary 
field polarities. 

Figure 3 shows the resulting value for the extent in helio- 
graphic latitude of the sector structure through an average 
sunspot cycle. Three-year running means were used to reduce 
the scatter. Year 0 is the average of the sunspot minimum years 
1934, 1944, 1954 and 1965. ‘The effect of uncertainties in the 
computation of the magnitude of the Rosenberg—-Coleman 
effect will usually be to decrease the amplitude, of the effect and, 
therefore, the latitude values’ shown in Fig. 3 should be con- 
sidered upper limits. We may ‘expect considerable variation 
from the average effect shown in Fig. 3, and in particular for 
intervals of several months near sunspot minimum the current 
sheet may occupy only a few degrees of latitude. 

As a first approximation, we assume that galactic cosmic 
rays have relatively difficult access to the inner Solar System 
in the portion of the heliosphere occupied by the changing 
fields of the sector structure, and relatively easy access through 
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Fig. 2 The structure of a sunspot minimum solar corona 
drawn from eclipse photographs! (June 30, 1954) obtained in 
Kozeletsk. 


the portions of the heliosphere occupied by the extended 
uniform solar polar fields. This assumption is consistent with 
the observational evidence now available. A final evaluation 
must await in situ observations with out-of-ecliptic spacecraft. 
It is also observed? that high speed solar wind streams are 
contained within sectors. Kinks and irregularities in the inter- 
planetary magnetic field that can scatter cosmic rays are 
produced as the fast plasma in a high speed stream overtakes 
slower plasma. The solar-wind plasma coming from higher 
solar latitudes may have a more uniform (albeit larger) velocity 
than the solar wind plasma from lower solar latitudes, and 
thus be not as effective in producing scattering of cosmic rays. 

In Fig. 4 we show the solid angle of the heliosphere occupied 
by the extended solar polar fields through an average sunspot 
cycle, where the latitude angles shown in Fig. 3 are used to 
compute the solid angles shown in Fig. 4. Also shown in Fig. 4 
are the monthly averages of the absolute intensity of primary 
cosmic rays of rigidity > 0.5 GV observed near Murmansk 
and at Mirny from 1958 to 1973 (ref. 19). The total flux of such 
galactic cosmic rays ın the interstellar medium in the vicinity 
of the earth is estimated to be 4,000 m-?s~! sr™ (ref. 19). 
Therefore,’ in Fig. 4 we have set the total solid angle 4x of the 
heliosphere as equivalent to a flux of 4,000 m~? s~ sr™, and 
the zero of the solid angle scale corresponds to zero flux. This 
corresponds to the assumption that galactic cosmic rays have 
easy access to the inner Solar System through the solid angle 
of the heliosphere occupied by the extended solar polar fields, 
and difficult access through the solid angle occupied by the 
sector structure fields. 

In Fig. 4 we see that the average sunspot cycle variation of the 
solid angle of the extended solar polar fields is rather similar 
to the observed variation of the flux of primary cosmic rays of 
rigidity > 0.5 GV between 1961 and 1969. We should not 


Fig. 3 Computed variation of the average extent ın helio- 
graphic latitude of the extended solar sector magnetic fields. 
Year 0 is the average of the sunspot minimum years 1934, 1944, 
1954 and 1965. The value 20° on the ordinate means that the 
extended sector fields are in the interval 20°N to 20°S. 





50 








S 
vege 
28 
> 0 
an 
S53 N 
ony 
‘3 uo 40 
Eas 

o 
hos Fo xx 
G AL Jy 
0 & 
Bg 2 307 x 
Piste 4 
25 | x w 
Ou 
2S 2+ ey 
isa) 

EES Cee! Deen (es Eee 1 1 oe | 
—-4 -2 0 2 4 


Time from sunspot minimum (yr) 





Solid angle of extended solar polar magnetic fields 














Primary cosmic-ray intensity N (R2 0.5 GV) (m~? s71 sr7*) 


js eC DOEN PESA EE SEN EE EA N E S 
1960 1962 1964 1966 1968 1970 1972 
Date 


Fig. 4 Galactic cosmic-ray ıntensities with rigidity 0.5 GV 

observed near Murmask (@) and at Mirny (O) from 1958 to 

1973 (ref. 19). Also shown.is the computed average solid angle 

(x) of the heliosphere occupied by the extended solar polar 
magnetic fields. 


expect a detailed agreement between the computed variation of 
solid angle averaged over four sunspot cycles and the observed 
cosmic-ray flux around a single sunspot minimum. The simi- 
larity of the two curves in Fig. 4 suggests that there may be 
some validity to the considerations advanced in this paper. The 
detailed computation of the diffusion lengths of cosmic rays 
related to these considerations is beyond the scope of this 
paper. 
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Glass-rich basaltic sand and 
gravel within the oceanic crust at 22°N 


DURING Leg 46 of the Deep Sea Drilling Project (January 29- 
March 10, 1976), the second leg of the International Phase 
of Oceanic Drilling, the Glomar Challenger drilled into 255 m of 
basaltic basement at hole 396B, 160-km east of the Mid-Atlantic 
Ridge valley at 22°59.14’N, 43°30.90’W. The hole was drilled 
into crust with a magnetic anomaly age of ~ 10 Myr. This site 
is located in a N-S trending sediment pond which measures 
~ 4kmx10km and is concordant with local topographic 
trends. There are 150 m of sediment at the drill site; however, 
the basement slopes regionally to the east and sediment thick- 
ness is probably > 250 m along the fault-bounded (?) eastern 
margin (G. M. Purdy, unpublished, and report of work by the 
Soviet research vessel Akademik Kurchatov). The bottom 90 m 
of this hole contained basaltic sand and gravel. This material 
is not believed to be a drilling artefact, but caused by in situ 
spalling or brecciation of basaltic pillow rinds. 

On a number of other occasions, for example, on Legs 34 and 
45, there was some indication, principally the sticking or jam- 
ming of the drill bit within young basement, that clastic zones 
had been encountered. At hole 396B a zone of rapid penetra- 
tion was followed by an interval of difficult drilling and frequent 
sticking of the bit which eventually led to termination of drilling. 
In the lower part of the hole, the core catcher assembly was 
modified to catch fine clastic material and in cores 30 and 33, 
the core barrel contained 82 and 90 cm respectively, of basaltic 
gravel and sand. The recovery rate immediately above these 
two intervals was < 1% and on the basis of this and other 
shipboard data, in particular results from a unique downhole 
logging programme, we believe that the clastic zone was first 
encountered at 310m sub-bottom and was apparently con- 
tinuous down to at least 405.5 m where the hole was abandoned. 

Stratigraphic units within 396B were determined on the basis 
of macroscopic and microscopic lithologies, magnetic proper- 
ties, chemical composition, alteration features and density of 
recovered samples. In addition, we have been able to correlate 
these units with downhole logging records which include 
sonic velocity, natural y-ray intensity, porosity, density and 
electrical conductivity. Figure 1 summarises the general lith- 
logies, magnetic inclination, chemical stratigraphy (typified 
by TiO, concentrations) and dual induction lateral (conduc- 
tivity) log. All indicators show a marked change in character 
below the 310-m depth where samples of the clastic material 
were first recovered. 

The gravel and sand from cores 30 and 33 are largely in the 
coarse sand to fine gravel size range (0.5-3.0 mm) and are 
moderately sorted. The sorting, however, may be the result of 
preferential loss of fine grained material during core recovery. 
The fragments are generally non-vesicular and consist of angular 
chips of glass and variolitic, cryptocrystalline and intersertal 
basalt. Olivine and plagioclase occur as phenocrysts in the 
clasts and as crystal fragments. A small number of pieces of 
calcite-cemented basaltic microbreccia, a few chips with 
calcite spherules and clasts with cross-cutting calcite veins were 
found. In general, the glass appears quite fresh, palogonite 
rims are uncommon and few palagonite fragments were found. 

Two small fragments (5-10 cm) of bedded hyaloclastite 
were also recovered in core 30. One of these samples is a 
moderately indurated fine to coarse grained hyaloclastite 
sandstone with graded bedding and evidence for scouring. 
Both rocks offer clear evidence for some sort of current action 
and the redistribution of dominantly sand-sized fragments of 
sideromelane and fine grained basalt. 

The last 90m, which we have called the clastic zone, is 
divided into four units: an upper clastic breccia, an upper 
basaltic gravel, a plagioclase phyric pillow basalt (breccia ?) and 
a lower gravel unit. The two gravel units seem to have been 
derived locally. Crystalline fragments in the upper gravel are 
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Fig. 1 Variations of lithological units, magnetic inclination, T10., and electrical resistivity log as a function of depth below the sea floor 
for hole 396B. 


dominantly olivine-plagioclase phyric with proportions of 
olivine to plagioclase (ol._plag. = 0.55) similar to the basalt 
in the overlying breccia unit, but unlike the basalt cored 
previously above the clastic zone. The lower gravel unit, on the 
other hand, contains predominantly plagioclase phyric crystal- 
line fragments (ol.—plag. = 0.13) similar to the intervening 
plagioclase phyric pillow basalt (breccia ?). 

_ Four major processes may be invoked to explain 
mentation of the basalt: 

(1) Fragmentation during eruption and cooling: this may 
involve several interrelated processes peculiar to submarine 
lava flows. (a) Glassy fragments could form by granulation 
due to thermal shock resulting from quenching of lava by 
seawater. (b) Spalling and crumbling of pillow rinds as a result 
of continued or multiple flow of basaltic lava causing inflation 


the frag- 


of a pre-existing pillow crust. (c) Brecciation from the over- 
steepening of pillow mounds causing them to tumble or slump. 
Mechanical shock from earthquakes or other tectonic processes 
may facilitate in this type of break-up. 

(2) Tectonic brecciation after consolidation. Faulting and 
fissuring within the median valley, and on the flanks and 
away from the ridge is ubiquitous. 

(3) Erosion, transport and deposition including the forma- 
tion of talus slopes associated with fault scarps. Erosion would 
probably be largely restricted to reworking of material pre- 
viously broken by processes 1 and 2. 

(4) Shaving or reaming out of the hole by the drill bit during 
re-entry or fragmentation by drilling. 

Origin 4 is unlikely: no re-entry was made immediately 
before coring the fragmented debris; the penetration rates 


710 


were exceptionally high; lithified sandstone fragments were 
found with the loose gravel and sand; the lithic clasts do not 
seem to have been derived from higher in the bore hole and the 
data from the downhole logs strongly suggests that the clastic 
material represents a distinct lithological unit. The abundance 
of fragments of basaltic glass in the clastic material indicates 
that much or all of it is derived from basaltic pillows; however, 
es the majority of the fragments are partly crystallised (origin 
I(a)), spallation of glass rinds on quenching, would seem 
to be ruled out as a major source for the clastic material. The 
calcite fragments, spherulites, clasts with cross-cutting calcite 
veins and calcite cemented basaltic microbreccia fragments 
demonstrate that some of the’ gravel and sand must be late 
clastic debris from previously altered flows. On the basis of 
éevailable data, however, it is impossible to make a clear choice 
between origins 1(b), 1(c), 2 and 3 as the predominant source 
of the gravel sand and other clastic debris in the clastic zone. 

Although deposits of coarse talus have been well known for 
many years from photographs of the sea floor we believe that 
this is the first time that a deposit of relatively fine grained 
clastic material has been recovered from beneath the sea floor, 
znd it represents a hitherto unknown element among these 
rocks. We have provided evidence that it comprises the greater 
part of the lower 90 m of the core, but may extend deeper. 
Since this material cannot be strongly-magnetised and cannot 
contribute to the lineated magnetic anomalies of this region, 
it probably does not make up a significant portion of the 
basement. 

We wish to thank Captain Lloyd E. Dill and his ship’s 
crew, Cotton Guess, Drilling Superintendent, and his drilling 
crew, Robert Knapp, Operations Manager, G. Bode and the 
DSDP technicians and Dalhousie University, CNEXO, 
Schlumberger Well Services for supplying major equipment and 
services. The International Programme of Ocean Drilling is 
funded by the governments of England, France, Germany, 
Japan, the United States and the USSR through the NSF and 
managed by the Scripps Institution of Oceanography. 
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a 
The post-spinel phase of forsterite 


‘THE nature of the post-spinel phase of forsterite (the olivine 
structure of Mg,SiO,) and its importance to our understanding 
of the mineralogy, petrology and seismological discontinuities 
in the transition zone and the lower mantle of the Earth has 
attracted much recent attention’?. Kumazawa et al.) reported 
that the post-spinel phase of forsterite recovered from 
33x10 Pa and 1,000 °C was a component oxide mixture of 
stishovite (SiO,) plus periclase (MgO). In their studies of 
Mg.SiO,-Fe,Si0, solid solutions at pressures up to 2.5 x 101° Pa, 
Ming and Bassett? agreed with the conclusions of Kumazawa 
e: al. Consequently, the oxide mixture seems to be widely 
accepted as the post-spinel phase of forsterite, In this paper, 
however, I present results that disagree with this. 

I have previously found that forsterite transforms into an 
assemblage of perovskite (MgSiO,) plus periclase (MgO) when 
subjected to pressures > 3.0x 101° Pa and ~ 1,000 °C (ref. 4). 
Since the zero pressure density for the perovskite + periclase 
assemblage is 1.9% greater than that of the mixed oxides, 
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I have designated this assemblage as the post-oxide phase of 
forsterite and have postulated that the Earth’s lower mantle 
comprises mainly the perovskite phase of Mesio, (ref. 5). 
Until my work on the detailed high pressure phase trans-° 

formations in MgSiO, (ref. 6), I had not doubted the interpreta- 
tion of the post-spinel phase for Mg,SiO, as representing mixed 
oxides. A schematic isothermal phase diagram for the system 
MgO-SiO, at 1,000 °C is shown in Fig. 1. If Mg,SiO, were to 
disproportionate into its component oxide mixture at certain 
pressure and temperature conditions, so also should MgSiO,. 
The latter, in fact, has been reported by Ming and Bassett? who 
have found that MgSiO, disproportionates into its component 
oxides, stishovite plus periclase, at a pressure of ~ 2.5 x 10" Pa. 
In my recent study of the high pressure phases of MgSiO, 
between 1.5x 103.010" Pa loading pressure*, however, 
I have found that the sequence of phase transformations in 
MgSiO, with increasing pressure is as follows 


2MgsiO,; — Mg,SiO, 
clinoenstatite ß phase 


+ S10, > Mg,SiO, 
stishovite spinel 


+ SiO, 
stishovite 


> 2MgsiO, > 2MgSiO, 
ilmenite perovskite 


If there were a stability field for the mixed oxides, it would have 
intervened between the ilmenite and the perovskite phases. 

The ilmenite phase of MgSiO, transforms directly into the 
perovskite phase with increasing pressure. This behaviour is 
consistent with phase transformations observed in all the 
available umenite analogues, CdTiO, (ref. 8), CdSnO, (ref. 8), 
MnVO,j (ref. 9), (Fe,Mg)TiO, (ref. 10), MnGeO, (ref. 11), and 
MgGceO, (L.L., unpublished). With the exception of ZnSiO,, 
for which only a very small stability field of mixed oxides has 
been reported!?, the ilmenite phase of all the above-mentioned 
compounds has been found to transform directly into the 


Fig. 1 Schematic isothermal phase diagram for the system 
MgoO-S10, at 1,000 °C. 
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Table 1 X-ray diffraction data (room temperature and 10° Pa pressure) for forsterite quenched from a loading pressure of ~ 2.2 x 10% Pa 


and temperature of ~ 1,000 °C (CoKa) 





Observed* Forsteritet Spinel 
dÅ) Tho dÅ) Iho hkl dÅ) Ilo Akl 
5.12 10 5.11 26 020 
3.90 25 3.88 69 021 
3.74 20 3.73 25 101 
3.51 10 3.50 10 1l 
3.45 25 
3.09 15 
3.00 20 3.00 17 121 
2.863 35 2.855 23 220 
2.774 25 . 2.768 53 130 
2.520 25 2.513 73 BI 
2.458 100 112 
2.445 100% } 2.435 100 311 
2.396 15 
2.333 10 2.331 5 222 
2.263 20 2.268 59 122 
2.199 5 
2.161 20 2161 15 211 
2.110 50 
2.081 10 
2,059 15 
2.025 40 2019 50 400 
1.970 10 
1.915 15 
1.884 5 1.878 5 150 
1.856 15 
1.830 5 
1.752 30 1.748 60 222 
1.723 40 \ 
1.688 5 
1.671 5 1.670 13 241 
1.652 10 1.649 9 422 
1.575 5 1.572 10 043 
1.558 35 1.554 25 333 
1.541 5 
1.521 15 
1.493 30 1.497 27 004 
1.484 . 5 
1.430 45 1.428 63 440 
1.418 10 
1403 18 
1.392 25 1.394 9 233 
1.352 5 1.351 17 322 
1.317 5 1.316 9 134 
1.232 15 1.232 10 533 
1.218 25 
1.195 5 
1.167 10 1.166 2 = 1 166 6 444 
1.155 <5 1.155 1 352 
1.092 5 1 099 1 412 
1.077 10 1.079 5 642 
1.051 20 1.051 12 553 
1.035 <5 1.036 3 334 
1.021 <5 1.020 3 0,10,0 
1.009 10 i 1.009 7 800 
6 extremely weak lines 
0.9417 10 


Periclase 


tT Stishovite] 
d(A) ILo hkl 


Perovskite§ 
d(A) Ilo kkl 


AA) Iho Akl 


3.45 60 002 
3.08 15 ill 


2.955 100 110 


2.471 20 020 
2.435 100 112 


2.431 10 111 
2.395 20 200 ; 


2.247 25 101 
2.196 5 120 


2.106 100 200 
2.085 30 013 
2.057 25 21I 


1.967 10 202 
1.911 25 113 


1.979 40 111 


1.869 20 210 
1.853 15 122 
1.828 5 212 


1.724 004 
1.720 80 220 


1.683 10 023 
1.669 10 221 


1.539 15 222 
1.520 20 131 
1.484 5 311 


1.530 60 211 


1.478 25 220 


1.420 40 132 
1.399 10 204 
1.390 45 312 


1.332 9 002 
1.322 4 310 


1 234 35 301 


1.216 15 041 1.216 12 222 1.215 10 112 


1.197 5 140 


1.164 10 410 
1.158 5 323 
1.098 15 240 
1.078 10 420 


1.184 3 311 
1.159 7 320 


0.9419 17 420 


eee ew 


* With the exception of film shrinkage, no other corrections to the data have been made. 


Values for I/Ijo9 were estimated visually. b, Broad line. 


+ From ASTM Card Catalogue (4-0768 and 4-0769) for forsterite and (4-0829) for periclase. 


t From ref. 15. 
§ From ref. 4. 
1 From ref. 16. 


perovskite phase without the intervention of any other phases. 

The fact that the ilmenite phase of MgSiO, transforms 
directly into the perovskite phase limits the post-spinel phase 
for Mg,SiO, to the following possibilities: (1) a single denser 
phase of Mg,SiO,; (2) a mixture of ilmenite (MgSiO,) plus 
periclase (MgO); (3) a mixture of perovskite (MgSiO,) plus 
periclase; or (4) any combination of them (see Fig. 1). The 
second possibility has been previously postulated??. 

I have made 12 experimental runs on forsterite in the loading 


pressure region between 1.5x10 and 3.2x 10° Pa and 
temperatures ~ 900-1,200°C. The starting material is a 
synthetic forsterite (Mg,SiO,) powder (Tem-pres Research Inc.). 
The fine polycrystalline sample was mixed intimately with a 
small amount of powdered graphite, which serves to absorb 
laser radiation and to heat the sample under compression. The 
sample was then compressed in a diamond anvil press fitted 
with a lever and spring assembly and heated by the continuous 
YAG laser while the sample was maintained at pressure. The 
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loading pressures of the sample at the central portion of the 
anvil were estimated from the length of the spring, and are 
probably accurate to +10%. Sample temperatures were 
estimated to be ~ 1,000°C with large uncertainty. After 
quenching and release of pressure, samples were transferred to 
a modified 57.3-mm Debye-Scherrer camera for X-ray diffrac- 
tion study. Details of the procedure have been described 
elsewhere!?. 

In the pressure region between 1.7x 10! and 2.5x 10! Pa 
(inclusive), nine runs were made at 10°-Pa intervals; additional 
runs have been made at 1.5, 2.8 and 3.2x 101° Pa. The spinel 
phase of Mg,SiO, seems to transform directly into a mixture of 
perovskite (MgSiO;) plus periclase (MgO) at ~ 2X10" Pa. 
The results obtained at pressures > 2x 10!° Pa showed a steady 
increase of the yield of the perovskite + periclase assemblage 
with increasing pressure (Table 1). No stishovite, that is, no 
component oxide mixture, has been identified in the entire 
pressure region between 1.5x 10! and 3.2x10" Pa in this 
study. These results are in accordance with those of my previous 
studies on MgSiO; (ref. 6), but contrast markedly with those 
reported in refs 1 and 2. 

Ming and Bassett? did not report the detailed experimental 
results for Mg,SiO, in their paper, but these data can be found 
in Table 10 of ref. 14 and have been reproduced graphically 
here ın Fig. 2, together with all the other related phases. In the 
pattern obtained by Ming, there are only three lines which 
were attributed to stishovite, but their relative intensities 
contrast greatly with those for the pattern of stishovite shown 
in Fig. 2. It is also very surprising that the second intense line 
of stishovite at 20 = 78.5° was not observed in Ming’s pattern. 

Kumazawa et al? reported that forsterite disproportionated 
into a mixture of stishovite plus periclase on the basis of a single 
run at 3.3x10'° Pa and 1,000 °C for 30 min. (Their pressure 
should be revised to ~ 2.2 X 10% Pa and temperature should 
be much higher (Kumazawa, personal communication).) In 
none of the present experiments at loading pressures between 
1.5 x 10" and 3.2 x 10! Pa did I observe the mixed oxide phase 
assemblage. It is unlikely that the differences in the experimental 
conditions of pressure and temperature can explain this apparent 
discrepancy between my results and theirs. 


Mg,SiO, (Ming) 
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Mg,SiO, forsterite 


MgO periclase 


Fig. 2 X-ray diffraction data for forsterite 

quenched from ~ 2 5 x 10*° Pa and 1,400 °C 

(the temperature is highly uncertain) from 

ref. 14 in comparison with other relevant 

patterns. Fo, Forsterite; St, stishovite; Pe, 
periclase. 





SiO, stishovite 


Mg,SiO, spinel 


100 


Further support for the present results on the post-spinel 
phase of Mg.SiO, is provided by studies of the post-spinel 
phases for 12 silicate and germanate compounds with the 
olivine stoichiometry in this laboratory. At pressures 
> 2.5x10' Pa, only Mg.SiO, Mg,GeO, and Mn,GeQ, 
have been found to transform into the perovskite + 
rocksalt assemblage. The remainder transform into their 
component oxides with the rutile and rocksalt structures. The 
oxide mixture phase assemblage was not found as an inter- 
mediate phase between the spinel phase (or the f> phase, which 
is a distorted spinel phase) and the perovskite + rocksalt 
assemblage in any of the above three compounds. 

The associated increase in zero pressure density from the 
spinel phase of Mg,SiO, to the mixture of perovskite (MgSiO,) 
plus periclase (MgO) was calculated to be 10.7%. This spinel- 
post-spinel reaction is characterised by an increase in coordina- 
tion number of oxygen for Si*+ from 4 to 6 and for half of the 
Mg?+ from 6 to 8. 

I am grateful to A. E. Ringwood and R. C. Liebermann for 
comments. f 
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Liquid nitrogen enhancement of 
partially annealed fission tracks in glass 


THE number density of fission tracks in solids is reduced 
if the sample is heated before chemical etching, and the 
effect of annealing must be accounted for before an age 
date can be assigned to the sample’. The extent of the 
annealing can be observed by a measurement of the reduc- 
tion in the track parameters (diameter and/or length) and 
subsequent comparison to unannealed tracks. Correct ages 
can be obtained by careful calibration studies of track 
density reduction against track diameter or length reduc- 
tion at different annealing temperatures and times®’. For 
crystalline minerals, however, these correction techniques 
are not generally valid’, In this study, glass samples were 
partially annealed and then immersed in liquid nitrogen for 
various periods and we show that the properties of the 
glass and/or the track parameters can be altered so as to 
observe tracks that would normally be erased by 
annealing. 

An NBS glass standard (SRM-962) with latent fission 
tracks was cut in half with a diamond cutting wheel. The 
exterior surfaces were ground and polished with 12.5-um 
and 0.3-4m alumina powder such that at least 30 um was 
removed from the surface. The halves were etched simul- 


Fig. 1 Track density ratios as a function of liquid nitrogen 

immersion time. t/t’, Track density after immersion/track 

density at zero immersion time. @ Values found for unannealed 
sample; $ values for partially annealed sample. 
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taneously in 16% HF at room temperature for 75s and 
rinsed in warm running water for several minutes. Etched 
tracks were observed and counted with a Leitz microscope 
at overall magnifications of 800 and 1,600. The x800 mag- 
nification was used to increase the counting statistics and 
the X 1,600 was used to identify the fission tracks properly’. 
Track length and width measurements were made at X 1,600 
with an eyepiece reticule. 

One of the samples was pantially annealed at 230 °C for 
1h. Both halves were ground, polished and etched together 
as described previously. The track density of the partially 
annealed sample was found to be half that of the un- 
annealed sample. The length and width of the partially 
annealed tracks were found to be similarly reduced. 

Both samples were then immersed in liquid nitrogen for 
varying periods At the conclusion of each immersion the 








Ratio of fission-track parameters 








ml os 
10! 10? 103 10* 10 
Immersion time (mn) 
Fig. 2 Track parameter characteristics as a function of im- 
mersion time. l/l, Length of track after immersion/length of 
track at zero immersion time; d/d’, diameter of track after 


immersion/diameter of track at zero immersion time. @, Un- 
annealed sample; $, partially annealed sample. 


samples were polished, etched and counted in the manner 
described above. The results of the track density measure- 
ments against liquid nitrogen immersion time are given in 
Fig. 1. To compensate for possible variations in etch con- 
ditions the ratios of track densities were determined by 
normalising with the track density having zero immersion 
time. Figure Ia and c shows the track ratios against immer- 
sion time for the unannealed sample at magnifications of 
800 and 1,600 respectively. The ratio remains essentially 
constant about a value of one. Figure 1b and d shows the 
partially annealed track density increasing with immersion 
time for magnifications of 800 and 1,600 respectively. A 
gain of ~ 40% was achieved after 760h of immersion in 
liquid nitrogen. 

To ascertain whether the track parameters were chang- 
ing with immersion time, the length and diameter of the 
tracks were measured after each etching at a magnification - 
of 1,600. Figure 2 shows the ratio of length and diameter 
for the unannealed (2a, c) and the partially annealed (2b, d) 
samples. For each ratio, the measured quantity with zero 
immersion time was used to normalise the graphs. The size 
of the tracks was not noticeably affected by immersion in 
liquid nitrogen (Fig. 2). 

It was thought that thermal shock (room temperature 
liquid nitrogen temperature > room temperature) along 
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Fig. 3 Percentage change in track density against time for 

NBS glass standards. 1, Percentage track enhancement found 

in the present study; (——) connecting the points (A) indicate 

the percentage track reduction at different annealing tempera- 
tures (reported in ref. 8). 


the latent track was the cause of the track enhancement. 
It was found, however, that repeated (four times) immer- 
sion of the samples in the liquid nitrogen (for 2 h) did not 
lead to an increase in the track density. 

A recent study® of the thermal stability of fission tracks 
in NBS glass standards reported a track density decrease 
with increasing annealing time and temperature. The per- 
centage track reduction at different annealing temperatures 
and times from that investigation are replotted in Fig. 3, 
together with the average gain (X800 and X1,600 magni- 
fications) against immersion time obtained in the present 
study. The slopes of the annealing plots and liquid nitrogen 
immersion plot seem to be compatible. This suggests that 
the mechanism which erases the track damage through 
annealing may be partially reversed when the temperature 
of the sample is significantly lowered for a sufficient length 
of time. Further work is under way (at different immersion 
temperatures and partial annealing conditions) to test 
whether or not the process of enhancement is a reversal 
of the annealing process. Similar enhancement effects using 
liquid nitrogen have been found for auparticle tracks in 
polycarbonate detectors and those results will be published. 

Although the mechanism of track reduction with tem- 
perature rise (annealing) is not clearly understood’, track 
enhancement by cooling may provide a new avenue of 
research into this problem In addition, this method has 
possible application in dating geological samples partially 
annealed by post-emplacement thermal events. 
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Direct measurement of long 
range forces between two mica 
surfaces in aqueous KNO, solutions 


WE have constructed an apparatus for measuring the forces 
between two surfaces immersed in a liquid directly as a 
function of separation, and report initial results for the 
forces between two crossed cylindrical sheets of molecularly 
smooth muscovite mica in aqueous solutions of KNOs. 

The apparatus is shown schematically in Fig. 1. It is 
similar to earlier models used for measuring the van der 
Waals’ forces between two freshly cleaved mica sheets in 
air in vacuo’. The present apparatus has been refined to 
allow for the measurement of the very different types of 
forces in the conditions that occur in liquids. Multiple 
beam interferometry is used for measuring the shape 
of the surfaces and their separation to within 0.1 nm 
(ref. 3). The separation between the two surfaces is 
controlled by a three-stage mechanism: an upper micro- 
driven rod (to ~1 um), lower micrometer-driven rod (to 
~ 1nm) and a piezoelectric crystal (to < 0.1 nm). The 
lower rod operates by a differential spring mechanism: the 
double cantilever spring is about a thousand times stiffer 
than the helical spring so that a I-um movement of the 
motor-driven lower rod is reduced to a l-nm movement 
between the two mica surfaces. All parts of the apparatus 
are made of 316 stainless steel, Teflon, Delrin and glass. 
Extreme precautions were taken to purify the water and 
potassium nitrate, and a high degree of surface cleanliness 
was maintained in the equipment. The apparatus is sus- 
pended by springs to isolate it partially from extraneous 
vibrations. Some residual vibrations of the surface (a few 
A) was found to be an asset, in that it indicted that the 
surfaces were truly separated and not in contact through a 
dust particle or a mica flake In view of the repulsive forces 
measured, this precaution was essential, since a minute 
particle between the surfaces far from the region of closest 
approach could go undetected and lead to a spurious 
repulsion being measured. 

In the present set-up the glass disk supporting the lower 
mica sheet was suspended at the end of a cantilever spring 
of stiffness ~ 10° N m™. The forces were measured by 
applying a sudden voltage to the piezoelectric crystal, which 
causes it to expand or contract by a known amount, say 
10 nm. The resulting change in the separation between the 
two surfaces is then measured optically and any difference 
in the two values, when multiplied by the stiffness of the 
single cantilever spring, gives the force difference, whether 
attractive or repulsive, between the initial and final separa- 
tions. In this way, forces may be measured at any separation 
down to contact. 

Figure 2 shows some of these results for mica in KNOs 
solutions at 20°C, pH~6. The repulsive forces were all 
found to be exponential, with a decay length close to the 
Debye length. Below a certain separation, however, the 
repulsion increased more rapidly. The onset of this enhanced 
repulsion occurred very roughly at about half a Debye 
length separation. The magnitude of the repulsive forces 
was found to be different for the different mica samples 
used. In 0.1M and IM solutions the onset of repulsion 
was preceded by an attractive region for those samples in 
which the repulsion was weak, thereby indicating the exist- 
ence of a secondary minimum at these concentrations. It 
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Fig. 1 Schematic drawing of apparatus to measure long range forces between two crossed cylindrical sheets of mica (of thickness ~ 1 ym 

and radius of curvature ~ 1 cm) immersed in liquid. By use of white light and multiple beam interferometry the separation between the 

two mica surfaces may be measured to ~ 0.1 nm. The separation between the two mica surfaces may be controlled by use of 
two micrometer-driven rods and a piezoelectric crystal to better than 0.1 nm. 


was also observed that the repulsion was irreversibly 
reduced after the surfaces had been brought very close 
together (<4 nm), reminiscent of qualitatively similar obser- 
vations on aqueous dispersions of sodium montmorillonite 
sheets in NaCl solutions’. At larger separations, however, 
the results were reversible and reproducible and clearly 
exhibit all the essential features of a DLVO-type interaction 
involving repulsive double layer forces and attractive van 
- der Waals’ forces™”. In particular, we note that even in 
0.1 M KINO; the decay length of the exponential repul- 
sive region is equal to the Debye length (~1 nm) indicating 
that the Poisson—Boltzmann equation, at least for KNO», 
seems to remain valid even at this high concentration. The 
observation that at separations smaller than the Debye 
length the repulsive forces increased even more rapidly is 
qualitatively consistent with theoretical predictions of 
double-layer forces based on the nonlinear Poisson- 
Boltzmann equation’, The magnitude of the attractive 
forces in the region of the secondary minimum is of the 
order to be expected from the general theory of van der 
Waals’ forces, 

It is difficult to say without more detailed analysis, 
whether at very small separations, <lnm, there is also 
a primary minimum, since at these separations the mica 
sheets have deformed appreciably under the influence of 
the strong forces. Tearing of mica was, however, often 
observed on separation after very close approach, thus in- 
directly pointing to the existence of strong adhesion at or 
near contact. The lack of a clear-cut turnover in the force 
into a primary minimum is consistent with previous 
measurements on the interactions between other silicate 


sheets**, as well as the observation that silica dispersions 
are sometimes stable at very high electrolyte concentrations 
and undergo reversible coagulation’. 
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Fig. 2 Experimental results of direct measurement of force as a 
function of separation between two crossed mica cylinders of 
radius R in various KNO, solutions. The right-hand ordinate 
gives the interaction energy per unit area for two parallel plates, 
calculated according to the ‘Derjaguin approximation”. The 
ordinate of the inset 1s linear. The magnitude of the repulsive 
forces was found to be different for different mica samples. 
The results shown here are for those samples ın which the 
repulsion was relatively weak and where a secondary minimum 
was clearly observed. The scatter in the experimental points is 
`~ 10 N m™ for the forcefradius. a, 10-1 M; b, 10— M; 
c, 10-° M; d, 10— M. 
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Axial, magnetron, cyclotron and 
spin-cyclotron-beat frequencies 
measured on single electron 

almost at rest in free space (geonium) 


THE monoelectron oscillator! consists of a ~ 1-meV electron 
contained in a weak electric quadrupole field plus strong axial 
magnetic field (the Penning trap) on which the axial oscillation 
is continuously observable. It may profitably be looked on as 
an ultraheavy metastable pseudoatom, ‘geonium’ (through the 
crap and the magnet, the electron is bound to the Earth ulti- 
mately). The energy levels are given by? 


AE manka = MVs+-(n+4)ve-+(k+-4)ve—(QtPVin 


m=+4;n=0,1,2,3....; k =0,1,2,3....3q =0,1,2,3.... 

with ve = eH/2nmc, 2v.Vm—2Vm? = Vz". We report here the 
measurement of the axial, magnetron, cyclotron, and spin- 
cyclotron-beat frequencies ‘vz, Vm, Ve—Vm and Vs—Ve+Vm 
using- this apparatus, held at 4K. A new axial-frequency-shift 
technique using a 30-gauss deep magnetic bottle superimposed 
on the 18-kgauss field supplied by a superconducting magnet 
was used for the last two frequencies. The road to this advance 
was paved by two developments, namely the anharmonicity 


Fig. 1 First spin flip seen in the monoelectron oscillator 
(geonium). Because of the random fluctuations in the thermally 
excited cyclotron motion, the axial frequency shift 8v- associated 
with the magnetic bottle shows a corresponding unsymmetric 
fluctuation always staying above a fixed floor for a given spin 
direction. This floor, however, suddenly changes by 2 5 Hz when 
the spin 1s flipped, which occurs occasionally near resonance, 
Vz—VWa= 2 kHz. No auxiliary drive was used. Three superimposed 
traces are seen, only the heavy one showing the spin flip. 
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Fig. 2 Resonance at the spin-cyclotron-beat frequency va in 

geonium. The auxiliary axial drive amplitude has been adjusted 

thus, that spin flips occur no faster than 1 min-!, and can be 

conveniently counted in 20-min periods, during which the 

auxiliary drive frequency is kept constant. Data from a later run 
are shown. 


compensated trap? yielding an axial line width of 10—? and the 
“entropy reduction by motional sideband excitation” (ref. 4) 
method. The latter allows the centring of an electron liberated 
in the trap to close tolerance guaranteeing the constancy of vz. 
Essentially as proposed by us®-?, the resonance at va = Vs— 
Vc-+Vm Was observed by making the electron see an effective, 
adjustable (< 10 pgauss) rotating magnetic field at vs, the spin 
frequency, occurring as the sum of an (auxiliary) forced axial 
motion frequency vg = 59.415890 MHz and v.—Vm 2 51206.11 
MHz, the frequency of the thermal cyclotron motion through 
the inhomogeneous static field of the magnetic bottle. Spin 
flips, thereby induced at a rate of 1 min, were detected by 
continuously monitoring the bottle-related shift 5v.~(m+n+4) 
2.5 Hz of the axial resonant frequency v, = 59.4101 MHz and 
focusing on the minimum values, 2.5 and 0 Hz, corresponding 
tom =0,m = +4, which occur as the electron jumps frequently 
between the cyclotron levels, n, and rarely between the spin 
levels, mm (Fig. 1). : i 
The minimum v, linewidth of ~ 500 Hz realised so far (see 
Fig. 2), arises primarily from the continuous v, monitoring. 
Pulsed operation promises a 100-fold sharper ling. With the 
measured Vm = 34.464 kHz, our preliminary value of a = 
(vs—vV_)/Ve is 0.001159655(5). This agrees with the theoretical 
value® for (g—2)/2 quoted with an error ten times smaller. The 
empirical dimensionless ratio a can contain information only 
on the structure of the electron. Just as in an atom the experi- 
mental g-factor provides an important check on the ‘purity’ 
of an actual stationary state when expanded after states of an 
approximate Hamiltonian, thus a is a measure of the contri- 
bution to the actual electron wave function by other elementary 
particles which, together with the Dirac electron, may all be 
considered as stationary states of the same approximate 
Hamiltonian describing the spectrum of matter-energy. As a 
consequence, useful bounds are put on weak interaction models’. 
D. Wineland and P. Schwingberg have made important 
contributions to the work. Critical comments on the experiment 
by D. G. Boulware, L. S. Brown, P. Franken, O. Haxel, E. M. 
Henley, W. E. Lamb, Jr, R. Peierls, E. M. Purcell, E. Teller, 
L. Wilets, and R. W. Williams are acknowledged by H. D. We 
thank the NSF for support. ne 
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Entropy reduction by 
motional sideband excitation 


Everyone is intuitively familiar with the second law of thermo- 
dynamics: the disorder in any closed system can only increase 
with time. A familiar example is the spreading of a scent 
through a room. It is also well known that the spreading 
greatly accelerates when exterior agents are at work, for 
example, a stirrer. The reverse task of ‘bottling up’ the diffused 
scent back in the flask from which it expanded is much more 
difficult. So if one had somehow succeeded in collecting a 
cloud of particles in a vacuum at the bottom of a suitable 
potential well, as would be desirable in removing Doppler shifts 
in coherent spectroscopy or even in nuclear fusion machines, 
there will be all sorts of effects at work to spread the particles 
out again. The principle of entropy reduction by motional 
sideband excitation! could be effective in re-collecting the 
spread out cloud at the bottom of the well. 

As a specific example, consider an atom emitting optical 
radiation at v, while vibrating in a translational mode at a radio- 
frequency v, in a parabolic well. Because of the Doppler effect, 
the optical radiation will then be frequency modulated at 
the radiofrequency v,. This implies that its spectrum will 
consist of a carrier at vı and symmetric sidebands spaced at the 
radiofrequency vy. Inversely, if the vibrating atom is irradiated 
at one of the spectral optical components, say at the one at 
V1-Vy, it will be optically excited and will in turn radiate sym- 
metrically at all the frequencies vı, vitVv, Vit2vy ... . So, 
while absorbing quanta of energy A(v,—vy) it will radiate quanta 
of average energy Av,, that is, larger by Ayy. This incremental 
energy can only come from the translational vibrational motion 
in the well, which is thereby reduced, bringing the atom closer 
to the centre of the well and possibly completely freezing out 
the quantised vibration. The principle is equally effective if the 
sidebands are created by amplitude modulation caused by 
motion throygh an inhomogeneous alternating field. The latter 
effect has, in fact, recently been demonstrated on a single 
electron confined in a Penning trap in ultra high vacuum. In 
such an axially symmetric trap, the electron is axially contained 
by an electric parabolic well while the corresponding radial 
potential hill is effectively overcompensated by an axial 
magnetic field. The guiding centre of the small diameter 
cyclotron orbit carries out a circular magnetron motion at 
Vin ZV 22/2V-% 80 kHz for an axial frequency vz% 60 MHz and a 
cyclotron frequency v.~ 20 GHz. When the moving electron is 
now subjected to an axial r.f. field at vz4 varying along the 
magnetron orbit, the electron will see spectral components at 
Vids VzaŁ£Vm, VzaŁ2Vm. If one now chooses Vzg = VztVm the 
damped axial oscillation at vz will be excited. Hereby the 
energy excess Av,, per absorbed hvza-quantum will be used to 
move the electron up the radial electric potential hill until it 
reaches the axis. This effect and also the inverse one, namely 
rapid increase of the magnetron motion radius for excitation 
at Vza = Vz—Vm, has recently been demonstrated by Van Dyck 
et al.2. Monitoring the radial coordinate, r, of the electron was 
made possible by the presence of a small anharmonic term in 
the electric trapping potential which made v, a weak function 
of r. i 
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The low frequency dielectric 
constant of supercooled water 


THE extension of computer dynamical calculations of water 
structure! to temperatures < 0 °C has encouraged speculation 
that the supercooled liquid might exhibit ferroelectricity. The 
discovery that, by use of surfactants such as sorbitan stearates, 
water can be emulsified? in hydrocarbon solvents and then 
readily supercooled, opens up extensive new fields of ex- 
perimentation. We have measured at 1,652 Hz the real part 
of the low frequency permittivity of 0.5% and 1% water 
emulsions down to —36 °C and thence calculated the real part 
of the dielectric constant of liquid water, which is essentially 
static in this range of frequency and temperature. The values, 
shown graphically in Fig. 1, lie on a smooth curve and com- 
pare with data for polycrystalline ice*; no ferroelectric transi- 
tions are observed. 

Emulsions of deionised water were made in n-hexane using 
as emulsifier polyoxyethylene sorbitan tristearate (Tweens 65, 
from Honeywell-Atlas, Ltd); these were cooled and measure- 
ments made in a temperature-controlled refrigerator. The mean 
diameter of the water spheres was found by microscopy to be 
~ 40m, but the spread is an order of magnitude in each 
direction. The Wayne-Kerr D121 permittivity cell and General 
Radio GR1621 precision measurements system were used. 
At each volume concentration, including 0% water with 
emulsifier present, three measurement runs were taken at 
2°C intervals, and the mean value of the mixture permittivity 
Em taken. 

According to the Maxwell-Lewin dielectric mixture formulat 
for a volume fraction, v, of spheres of substance 1 (water) 
in a matrix of substance 2 (n-hexane) 


Em— Ez _ E€1— E2 

3e | Zete 
Since in the temperature range 0-20 °C the low frequency 
permittivity of water £, is known accurately*, the formula can 
be fitted to the best value of v, taking for £, the present 0% 
data. The value of v is found to be within 0.7% of the volume- 
trically-determined value over the 0-20 °C range; there are 
a number of errors and effects contributing to this apparent 
volume defect, including the molar volume of the surfactant 
molecules. Assuming the value of y calculated thus to be 
independent of temperature, €, can be calculated from the 
data at temperatures < 0 °C. The consistency between the 1% 





Fig. 1 The temperature dependence of the real part of the di- 
electric constant of water. O, 1% volume fraction emulsion; 
@, 0.5% emulsion. 
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Table 1 Best values for temperature dependence of the permittivity 
of water 

TCC) & (water) 
—35 107.7 
—30 104.2 
—25 100.8 
—20 98.3 
—15 95.6 
—10 93.4 
—5 90.9 


and 0.5% data in Fig. 1 is such that + 2% confidence limits 
might be placed on the mean of the two sets. The neglect 
of the temperature variation of v from thermal expansion gives 
rise to a positive error of 0.2% at —35 °C, with correspond- 
ingly smaller errors at higher temperatures. Neglecting these 
errors, the best values are given in Table 1. They fall well 
outside the polynomial fit to the data that has been made at 
temperatures > 0 °C (ref. 5), a feature of supercooling which 
has been noted in other polar liquids®. 

There is apparently very little Maxwell-Wagner effect 
arising from conduction processes. A detailed study of the 
dielectric relaxation processes in the supercooled state is planned. 
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Conformation of Met>-enkephalin 
determined by high field PMR spectroscopy 


Tae discovery by Hughes et al.1 that peptides (the enkephalins) 
could be the endogenous agonists of opiates in brain represents 
a challenge to medical chemistry both in its fundamental 
aspects and for the possible development of new therapeutic 
approaches. To understand how non-peptidic substances 
belonging to various chemical classes can mimic the action of 
the pentapeptide enkephalins it is first necessary to determine 
the spatial arrangement of the latter. We have thus synthesised 
large quantities of Met®-enkephalin (H-Tyr-Gly-Gly—Phe— 
Met-OH) and determined tts preferential conformation in 
solution using high field proton magnetic resonance (PMR) 
spectroscopy at variable temperatures, coupling constants in 
relation with Karplus—Bystrov curves? and conformational 
energy steric maps’. 

The most characteristic features of this conformation, which 
could account for some of the physicochemical and biological 
properties of the molecule seem to be: (1) a highly folded 
structure; (2) a precise homology between morphine and Met®- 
enkephalin as regards their respective functional groups (the 
phenol ring corresponding to the Tyr residue and the tertiary 
amine corresponding to the terminal ammonium function of the 
peptide); and (3) a relative freedom of the N-terminal peptide 
Tyr-Gly. 

Met®-enkephalin was prepared by liquid phase synthesis 
(unpublished). Its 300-MHz PMR spectrum was recorded in 
DMSOd, in which it dissolves readily (Fig. 1). All the 
*Jnu—cu, and "Icug—cug have been measured experimentally 
and the most probable values of torsional angles @ and w 
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Fig. 1 300-MHz spectrum of Met®-enkephalin (5 x 107M) 
in DMSOd,. Probe temperature, 17°C. TMS as. internal 
reference. 


were determined from the Karplus—Bystrov curves and con- 
formational energy steric maps, respectively. The chemical 
shift variation of the Met NH proton, as a function of tempera- 
ture, is somewhat lower than that of the other NH protons of 
the molecule, suggesting that this proton is involved in a 
hydrogen bond or is in a buried position. Only minor changes 
in coupling constants were observed with temperature variation, 
indicating that in the present conditions, the conformation is 
well defined, and corresponds to a relatively deep energy well. 
The conformational behaviour of Met®-enkephalin in aqueous 
medium also parallels very closely that found in DMSO (our 
unpublished results). On the basis of these results, we propose 
the conformation reported in Fig. 2 with a Bi turnê involving 
the sequence Gly-Gly-Phe-Met and a hydrogen bond be- 
tween the NH of the Met,,, and the CO of the Gly,,; following 
the Tyr residue. In this conformation, the two aromatic resi- 
dues (Tyr and Phe) are pseudoequatorial and the side chain of 
Met is pseudoaxial to the mean plane of the peptide backbone. 
Interestingly, in this structure, the three hydrophobic chains 
(Tyr, Phe, Met) are situated at the periphery of the pseudocycle 
of the B; turn and the NH,+ and the COO- terminal groups 
exhibit a spatial proximity (end-to-tail interaction). These 





Fig. 2 Representation of the characteristic parts of opiates (left) 
and opiate-like peptides (right) exhibiting structural homology. 
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features probably account for the marked hydrophobic pro- 
perties of Met®-enkephalin (water solubility < 0.7%), which 
suggest that the peptide could cross lipid-containing membranes 
with relative ease, including the so-called ‘blood-brain barrier’, a 
property which might be of considerable therapeutic interest. 
The conformation of Met®-enkephalin deduced experimentally 
from its spectra in solution is different from the hypothetical 
conformation recently proposed! and characterised by a B turn 
involving a hydrogen bond between the CO of the Tyr residue 
and the NH of the Phe residue. Nevertheless, the preferential 
conformation of Met’-enkephalin that we propose also shows 
all the steric requirements found in morphine for a stereo- 
specific interaction with the receptor. In the N-terminal part of 
the molecule, the distance between the OH phenolic group and 
the ammonium function are the same, namely 6.8 A, in mor- 
phine and in the proposed conformation of Met®-enkephalin 
(Fig. 3). Moreover, the spatial orientation of the ammonium 
groups in respect to the phenol rings is similar in both 
compounds. . 





Fig. 3 Stereoscopic view of enkephalin along the mean plane of 
Bı turn with y,=0° (to allow for end-to-tail association), and 
P:+4= —160° (avoiding steric strain for the side chain of 
methionine). Carbonyl peptide functions are visualised by bend 
bonds, C-N bonds are recognised by their change in colour 
(black-grey). The head (Tyr) 1s at bottom right, the tail (Met) 
at top right. The methionine side chain 1s pointing towards 
the observer (axial character); that of Phe has a pseudo- 
equatorial character. The aromatic rings are almost coplanar to 
the B: turn. Typically, NH;,+4 is the only peptide NH proton 
pointing inwards. 


The structural analogies between Met®-enkephalin and opiates 
suppose the existence of the opiates in the protonated form at 
physiological pH. Any modification of the N-terminal Tyr 
leading to a non-protonated form at this position should 
therefore inhibit biological activity. This assumption seems 
to be substantiated by the observation that substitution of the 
N-terminal function of the Tyr residue in opiate-like peptides 
leads to a loss of affinity for the receptor‘. 

In addition, it should be stressed that the Bı turn gives a 
large degree of freedom to the Tyr-Gly moiety towards the rest 
of the molecule and this could be of importance in under- 
. standing the activity of other peptides with opiate-like activity. 
The primary attachment of Met5-enkephalin to the receptor 
could conceivably involve the Tyr-Gly moiety and the relative 
freedom of this moiety would allow the secondary attachment 
of the hydrophobic part of the molecule. It can be assumed that 
similar features (presence of an N-terminal Tyr—Gly moiety in a 
state of relative freedom) could account for the common 
affinity of many peptides like the two enkephalins, lipotropin C 
and the synthetic compounds of Goldstein et al.. The relative 
differences in affinity between these compounds would depend 
essentially on the secondary interactions (for example, hydro- 
phobic, hydrogen bond). The decreased affinity in Leu®-enke- 
phalin compared with Met®-enkephalin? could thus be attributed 
to the loss of a hydrogen bond involving the sulphur atom of the 
Met residue. i 

It is hoped that these features of enkephalins will facilitate 
synthesis of opiate-like peptides of high potency and appro- 
priate pharmacological properties, particularly in connection 
with the search for a non-addictive analgesic”. 
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Proton magnetic resonance 
studies of conformation and 
flexibility of enkephalin peptides 


ENKEPHALIN, an endogenous pentapeptide which has the 
analgesic properties of morphine’, has recently been isolated, 
purified and characterised both chemically and pharma- 
cologically%?. The fact that enkephalin and the opiates interact 
with the same receptor raises the possibility that the similarity 
in their function might be based on common structural 
features*®. Particular attention has been paid to the geometric 
relationship between the aromatic ring of the tyrosine residue 
and the terminal amino group of enkephalin compared with the 
known geometry of similar functional groups in morphine. 
The relative spatial disposition of the phenylalanine and 
tyrosine aromatic side chains is also of special interest because 
of the possible resemblance of enkephalin to oripavine*®. So 
far, however, no experimental determination of conformational 
parameters has appeared. Here we report proton magnetic 
resonance (PMR) studies of Met®-enkephalin which indicate 
that the methionine amino proton is involved in a hydrogen 
bond, most probably within a Gly-Gly—-Phe-Met type I B turn, 
but not with a turn involving Tyr-Gly-Gly—Phe as proposed 
previously*. Although our data exclude a y turn, they do not 
rigorously exclude other conformations, especially if these 
have small statistical weights. 

Assignments of the 270-MHz PMR spectrum made by double 
resonance and difference double resonance are shown in Fig. 1. 
The only possible ambiguity in assignment, distinguishing 
Gly, and Gly, was removed by titration from *H,-DMSO 
into ?H,O, the assignments in 7H,O having been previously 
made by pH titration. The chemical shifts and scalar coupling 
constants obtained by spectral analysis are shown in Table 1. 
The side-chain rotamer populations derived from these are 
also listed. 

It has been demonstrated! that very small temperature 
dependencies such as observed here for Met (Fig. 2) are strong 
evidence for a hydrogen bond involving that amide proton. The 
coupling constants (?Jnu_cu) in Table 1 enable us to rule 
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out the possibility that the hydrogen bond is involved in a 
y turn? and are instead indicative of a type I B turn. A type 
ITB turn would not be in such good agreement with the observed 
coupling constants as a type I B turn but cannot be rigorously 
excluded by these data. Further studies of the Gly, and Gly, 
residues are needed since accidental degeneracy of the Ca 
protons has so far prevented an analysis of the NH-CH, spin 
system of Gly,, and since the two *Jnu cn values for Gly, 
are not available from the spectrum because of line broadening. 
A similar line broadening has been observed in oxytocins?°. 


Enkephalin amide protons 
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Fig. 2 Effect of temperature on the amıde proton chemical 
shifts. The slopes (p p.10° per °C) are given in parentheses. 


The analysis of the side-chain rotamer population"! (Table 1) 
shows that the Met, Phe, and Tyr side chains favour one of 
the two possible trans—gauche rotamers?, but for each of these 
residues all three rotamers have significant populations. Two 


conclusions can be drawn from this fact. First, there are 
33 = 27 possible forms of enkephalin which differ in the 
orientation of at least one of these three side chains. Second, for 
each of these three amino acids the Boltzmann energy differences 
(AE) between the various rotamer states must all be ~ RT. 
Consequently, we conclude that there may not be a simple 
direct relationship between the rotamer preferences observed 
here and the side-chain conformation on the receptor. Note, 
however, that a trans-gauche isomer of tyrosine (Table 1) is 
required to give a tyrosyl geometry resembling morphine. 

Clearly, the more stable a conformational feature is, the: more 
likely it is to be preserved in the substrate-receptor complex. 
Since B turns are often stabilised to the extent of several 
kcalories, the B turn which we are suggesting for the solution 
conformation of enkephalin may be an important feature in the 
interaction of enkephalin with its receptor. There are two pieces 
of indirect evidence which support this. Firgt, a model of 
enkephalin in a type I B turn involving the Met-Phe-Gly-Gly 
residues shows a distinct topological resemblance to oripavine 
in the relative disposition of the tyrosyl and phenyl. rings. The 
importance of the conformation of the B turn and Phe is 
clearly shown by the fact that the replacement of L-Phe by 
p-Phe in Met®-enkephalin results in a peptide which is inactive 
(Garsky et al., unpublished). Although a ß turn of the residues 
Tyr—Gly-Gly—Phe (ref. 6) also resembles oripavine, the chemical 
shift data in Fig. 2 show no evidence for a hydrogen bond 
between the amino proton of Phe and the carbonyl group of 
tyrosine®. Second, the side-chain rotamer populations of Phe 
exhibit the normal tendency toward a=b=c=1/3 as 
temperature is increased (Fig. 3). This behaviour is indicative 
of a situation in which there is only one degree of rotational 
freedom (that is, the rotation about the C.--C, bond in this 
case) which has Boltzmann energy differences AE ~ RT and 
is the behaviour we find in other peptides with rigid (AE > RT 
backbone structures. In contrast, nom-rigid backbones 
(AE ~ RT) would be expected to add considerable complexity 
to the temperature dependence of side-clhain rotamer popu- 
lations. As Fig. 3 shows, both the Met and Tyr side-chain 
rotamer populations show a less conventional temperature 
dependence than Phe and this may indicate greater flexibility 
for the ọ, y angles of Met and Tyr than for the corresponding 
angles involved in the B turn. « 

Our data are consistent with a backbone conformation of 
enkephalin having a type I B turn with a hydrogen bond 
between the amide proton of Met; and Gly. (Fig. 4). Corre- 
lation of this conformation and that of morphine with their 
respective biological functions is not simple. The predominant 
trans-gauche geometry of the Tyr, ‘residue certainly correlates 
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Table 1 PMR parameters for enkephalin in 7H,-DMSO (2 mg per 0.5 ml) at 25 °C 





Tyr, Gly, Gly; Phe, Met; 
Chemical shift* 
ô CaH 3.61 3.67 3.74 4.35 3.96 
ô CBH 2.85 — — 3.04 1.92 
ô CRH 2.67 — — 2.78 1.79 
Coupling constant} 
J a Bl 6.2 — — 4.0 4.5 
3J a B2 7.5 — — 10.1 7.3 
Ja ee —13.7 — — —13.9 —13.3 
3Jnu-c — — — 8.3 7.2 
Rotamer 1 populationst 
gtg~ 0.33 — — 0.13 0.17 
tgt 0.44 — 0.68 0.43 
tg- 0.23 — — 0.19 0.40 
Temperature dependence 
of amide shifts 5 — —7.8 —3.1 —7.5 —0.6 
* Units = p.p.m. from hexamethylodisilane (HMS). 
+ Hz at 270 MHz. 


ł Statistical wejghts of rotamers calculated according to Pachler™ parameters. This method does not ünegüivocally: distinguish the tgt from 
tg~ rotamers. 
§ Units = p.p.10° per °C. 
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with the known steric requirements of morphine‘*, but there 
is not yet a simple explanation of the requirement for a type I 
B turn (except that L-Phe and not p-Phe is active) or that there 
can exist 27 rapidly interconverting enkephalin forms. The 
time scale for this rearrangement will be approximately 10—1°- 
107" s, which is faster than the residence time of the hormone- 
receptor complex. Consequently, all 27 enkephalin forms may 
bind initially to the receptor which then selects the appropriate 
form in accordance with the induced-fit theory of hormone 
action". 

In H,0O solution, both Gly, and Gly, NH-CH, spin systems 
are degenerate as 7H,-DMSO and the Phe, and Met, have 
3Jnu-cu Values close (1 Hz) to the value in 7H,~DMSO. The 
interpretation of these data is that the enkephalin conformations 
and internal motions are qualitatively similar in both solvents. 
Leu®-enkephalin has basically the same conformation as 
Met®-enkephalin in 7H,-DMSO. 
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Mode of deactivation of the enkephalins by rat 
and human plasma and rat brain homogenates 


SEVERAL groups of workers have recently demonstrated the 
existence of naturally-occurring peptides which show agonist 
activity at the opiate receptor“, and Hughes et al.5 have shown 
that the opiate activity isolated by them is due to a mixture of 
two peptides H-Tyr-Gly—Gly-Phe—Met-OH and H-Tyr-Gly- 
Gly-Phe-Leu-OH termed methionine-enkephalin and leucine- 
enkephalin respectively. - 

The agonist activity of these two peptides was established 
using in vitro techniques and early work? demonstrated that 
the enkephalins were subject to rapıd deactivation when 
exposed to tissue homogenates and purified enzyme prepara- 
tions such as carboxypeptidase-A and leucine aminopeptidase. 
In view of these results, it was perhaps not surprising to find 
that in vivo, even after central administration, the antinoci- 
ceptive actions of the peptides are, at best, transient (refs 6 and 7 
and G. Metcalf, personal communication). Using the de- 
pressant effects of the enkephalıns on the electrically-evoked 
contractions of the mouse yas deferens as a bioassay, the half- 
life of both peptides in rat Plasma was shown to be very short 
(Table 1). In this study we attempted to identify the mode of 
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deactivation of the peptides in rat plasma and brain homo- 
genates, which we believe could be responsible for the limited 
in vivo activity of the enkephalins. 

3H-Gly*-Met®-enkephalin was synthesised from °H- gly- 
cine using solutions methods!® 3,5-3H-Tyr-Leu®-enkephalin 
was synthesised from the unlabelled pentapeptide by the 
Radiochemical Centre, Amersham. 

Met®-enkephalin, Leu’-enkephalin, H-Tyr-Gly—-Gly—Phe-OH, 
H-Gly—Gly—Phe—Met-OH, and H~Gly—Gly—Phe—Leu—-OH were 
synthesised by standard methods*®. Thin-layer chromato- 
graphy was carried out on silica plates (Keiselgel F.;,, Merck 
Ag) using the following solvent systems: (1) chloroform- 
methanol-acetic acid—water, 45:30:6:9 (2) n-butanol—pyridine— 
acetic acid—water, 60:20:6:24 (3) n-butanol-ethyl acetate- 
acetic acid—water, 1:2:1:1 (4) chloroform—methanol-—acetic 
acid, 18:2:1. Distribution of radioactivity on the plates was 
determined using a zonal scraping technique. Column chroma- 
tography was carried out on DEAE-Sephadex in the acetate 
form with 1% pyridine, 0.04% acetic acid as eluting solvent. 
Peptides were hydrolysed in 6M hydrochloric acid in sealed 
tubes (108 °C; 20 h) before analysis using a Jeol 6 AH auto- 
matic amino acid analyser. 
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Fig. 1 Breakdown pattern of 3H-Gly*-Met®-enkephalin (0.3 x 
10-8 M) at 37 °C by rat plasma (20% v/v) in 50 mM Tris-HCl 
buffer (pH 7.4). a, 0 min; b, 5 min; c, 10 min; d, 30 min. Samples 
(0.2 ml) were taken periodically, added to methanol (0.1 ml) 
and stored in ice. The supernatants were applied to silica plates 
and eluted with solvent system 1. Authentic standards were 
visualised with ninhydrin, the plates divided into bands (0.5 cm) 
and the silica scraped into scintillation vials. Water (2.0 ml) and 
an aliquot (5 ml) of a solution of buty!-PBD (7.5 g) ın toluene 
(666 ml) and Triton X-100 (333 ml) were added and the vials 
shaken to form a stiff gel. Radioactivity was determined using a 
Packard 2450 scintillation spectrometer. The histograms rep- 
resent the distribution of radioactivity (c.p.m.) on the plates with 
reference to the Rr values of authentic standards: 1, Met®- 
enkephalin; 2, H-Gly-Gly-Phe-Met-OH. ° 
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Initial studies were carried out at 37 °C with 9H-Gly?— Metë- 
® enkephalin (0.3 x 10-* M) in an incubation mixture consisting of 
rat plasma (20% v/v) in 50 mM Tris-HCI (pH 7.4). These showed 
a breakdown pattern for the pentapeptide which is represented 
by the histograms in Fig. 1. At this concentration, the disap- 
pearance of Met®-enkephalin was rapid, which is consistent with 
the rapid deactivation of the peptide in rat plasma. Continua- 
tion of the incubation resulted in the recovery of essentially all 
radioactivity as *H-glycine, indicating complete degradation 
of the peptide under these conditions. The main product (A), 
which was somewhat more stable than the parent pentapeptide, 
appeared to be chromatographically similar to the tetrapeptide 
H-Gly-—Gly—Phe-Met-OH (all possible Gly*-containing pep- 
tides were used as chromatographic standards). Product A 
was isolated from a larger scale incubation by chromatography 
on DEAE-Sephadex and purified by preparative thin layer 
chromatography on silica plates. After acid hydrolysis, the 
amino acid composition was determined and found to be 
compatible with the structure H-—Gly-Gly-Phe-Met-OH 
(glycine 1.83, phenylalanine 1.17, methionine 0.85); no tyrosine 
was detected. The metabolite proved to be chromatographically 
identical to the synthetic tetrapeptide on silica plates using the 
solvent systems above. On the basis of this evidence, the 
primary step in the breakdown of Met®-enkephalin in rat 
plasma is assigned as cleavage of the Tyr-Gly amide bond. As 
the tetrapeptide H-Gly-Gly—-Phe—-Met-OH shows very little 
activity using the mouse vas deferens assay procedure (Table 1), 
this cleavage is consistent with the deactivation of Met®-enke- 
phalin in rat plasma. 





Table 1 The depressant effects of the enkephalins and degradation 
products on the electrically induced contractions of the mouse 
vas deferens 


Relative activity* (rat plasma)t 
Structure mouse vas deferens (mim) 
H-Tyr-Gly-Gly—Phe—-Met-OH 100 2.0 
H-Tyr-Gly-—Gly-Phe-Leu-OH 170 2.5 
H-Gly-Gly—Phe-Met-OH 0.1 - 


H-Gly-Gly—Phe-Leu-OH 0.1 - 





*Determined by the method of Henderson er al.®. 

{Rat plasma containing the test compound (100 yg ml-) was 
incubated at 37°C. Samples (0.1 ml) were taken periodically and 
added to 0.01M hydrochloric acid (0.1°ml). Each sample was diluted 
(x10) with Krebs solution and aliquots (0.1-0.3 ml) of the resulting 
solution injected into an organ bath (4 ml) containing the vas deferens. 
The depression in twitch height obtained with each sample was com- 
pared to a dose-response curve constructed for authentic methionine- 
enkephalin and the half life of biological activity determined. 


Experiments carried out using human plasma showed that an 
essentially identical pattern of breakdown was taking place, 
though the rate of cleavage seemed to be somewhat slower. 

Incubation of ?H-Tyr-Leu®-enkephalin with rat and human 
plasma in similar conditions resulted in the formation of a 
single radiolabelled product which was stable to further incu- 
bation. The Re valuelof this product corresponded closely with 
that of tyrosine in! the above thin-layer chromatographic 
systems, and when the product was applied to an amino acid 
analyser the radioactivity was eluted concurrently with authen- 
tic tyrosine. At no time was any radioactive product present 
which had chromatographic properties similar to any of the 
possible tyrosine-containing degradation products, authentic 
samples of which were used as chromatographic standards. 
This is consistent with *H-tyrosine being the primary labelled 
product of the degradation of #H-Tyr-Leu®-enkephalin. Thus it 
seems that Leu®-enkephalin is degraded in rat and human 
plasma in an identical way to Met®-enkephalin, that is, 
by cleavage of the Tyr-Gly amide bond. 

Breakdown of the enkephalins takes place very rapidly in the 
presence of rat brain homogenates: *H-Tyr-Leu®-enkephalin 
(10-7 M) was completely destroyed within 1 min at 37°C ina 
homogenate of whole rat brain containing approximately 3 mg 
protein ml-!. The mode of deactivation seemed to be identical 
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to that observed in plasma for both enkephalins. The sub- 
cellular localisation of the enzyme(s) responsible for the cleavage 
of the Tyr-Gly bend is under investigation. 
The observaticn that the enkephalins are subject to rapid 
deactivation mediated by cleavage of the Tyr-Gly bond in 
both plasma and brain 1s compatible with the observed pro- 
perties of the peptides in vivo’. It has been reported that the 
addition of bacitracin (a polypeptide antibiotic which has been 
shown to be a potent glucagon inactivation inhibitor!) en- 
hances enkephalin-mediated effects on cyclic GMP accumula- 
tion in slices of rat neostriatum®. This enhancement may well 
be due to inhibition of peptidase activity by the antibiotic. It is 
interesting to note that, despite the lability of the peptides in 
brain homogenates, several groups of workers have been able 
to demonstrate the affinity of the enkephalins or related 
peptides for the opiate receptor in brain?+4:11-12, 
The important observation’? that porcine B-lipotropin C- 
fragment (a 31-residue peptide isolated from pig pituitary which 
has the Met®-enkephalin sequence at its N terminus?) 
shows potent and long lasting morphine-ltke effects in the cat is 
surprising in view of its structural relationship to the enke- 
phalins. It is possible, however, that the tertiary structure of the 
longer peptide is such that the labile Tyr-Gly bond is pro- 
tected from the metabolising enzyme, thus conferring greater 
stability on the molecule in vivo. 
In conclusion, the deactivation of the enkephalins in rat and 
human plasma and in rat whole brain homogenate has been 
shown to take place through cleavage of the Tyr-Gly amide 
bond. The localisation, nature and specificity of the enzyme 
system responsible for the cleavage is unknown but its precise 
role and mode of action may be expected to have a major 
effect on the pharmacology and biochemistry of the enke- 
phalins and related compounds. 
Since this paper was submitted, further evidence that cleavage 
of the Tyr-Gly amide bond is the initial deactivation step of the 
enkephalins in vivo has been provided by structure—activity 
studies on enkephalin analogues. In particular p-Ala?-Met®- 
enkephalin is extremely resistant to plasma enzymes. This 
superactive analogue (5x Méet®-enkephalin potency in the 
mouse vas deferens assay) has a ¢; of at least 20 x Met®-enkephalin 
in rat plasma indicating the importance of the Tyr—Gly region 
of the molecule to the substrate specificity of the degrading 
enzyme(s). Similar results have been reported by other workers"*. 
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Substance P and analgesia 

SUBSTANCE P (SP)* has long been known to have marked 
effects on the central nervous system (CNS). Lembeck? 
suggested that SP might be a transmitter of primary sensory 
impulses, an hypothesis supported by subsequent investi- 
gators’. Early work on SP was carried out using natural 
material, which unless highly purified, is known to be con- 
taminated with bradykin or some other kinin-like 
material®. As bradykinin also has marked effects on the 
CNS, experiments carried Gut using impure SP may be 
misleading. This may account for some of the conflicting 
observations that exist regarding the action of SP on sensory 
transmission, and may also explain its interaction with 
opioids. Whereas impure SP has been shown to antagonise 
morphine’, synthetic SP was found to substitute effectively 
for morphine in mice chronically treated with morphine’. 
SP does not act like morphine in the field-stimulated guinea 
pig ileum? and does not combine with morphine receptors’. 
Furthermore, SP has been reported to be the most potent 
algogenic substance known on the human blister base”. 
Recent reports on the characterisation and activity of 
enkephalin” suggested that enkephalin may be acting as 
an analogue of SP. We have therefore examined SP for 
morphine-like activity. 

This hypothesis was tested initially by examination of 
the effects of intracerebral injection’ of SP and morphine 
into 30-g male Swiss Webster mice. Response of the animals 
to heat stimuli was tested using a hot plate analgesiometer™. 
Each mouse’s reaction time (RT; s) was determined before 
administration of any drug and again at 30-min intervals 
after drug injection. Naloxone and morphine were ad- 
ministered in physiological saline; SP was administered in 
physiological saline containing 0.01 N acetic aoid, to prevent 
adsorption of SP to glass. When used, naloxone was injected 
intraperitoneally immediately before intracerebral injection 
of other drugs. Vehicle controls were carried out. The 
pre-drug RT was subtracted from each of the RTs observed 
after treatment, and these differences in RT are reported in 
Table 1. 

SP and morphine each caused an increase in RT, indicat- 
ing analgesia; and the analgesic action of each was pre- 
vented by naloxone Mice which received SP seemed to 
be quiet compared with normal mice. They would cease 
movement, seeming to sleep, often in an abnormal posture. 
These animals were readily aroused, and seemed to be alert, 


Table 1 Analgesic action of intracerebrally administered SP and 
morphine sulphate (MS) 





Treatment Increase in RT at: 

30 min 60 min 90 min 
SP (7) 3.00.83 5.23+40.72 8.2341.09 
SP vehicle (7) —O.12 41.57  1.4341.28 2.03+1.53 
MS (7) 80341.75 4.86+1.46 2.494+0.61 
Saline (7) —1.14+051 —041+1.16 0.63406 
SP-+- naloxone i.p. (7) —0.54+0.23 1.1140.48 2.97+.0.52 
SP+SP vehicle i.p. (7) 3,641.32 4.7741.85 7.234-1.44 
MS-+naloxonei.p (5) 0.0+0.93 1.84+1.15 452+41.92 
MS -+saline i.p. (5) 8.6944.50 7.32+3.97* 5.80+2.76* 


Naloxone i.p.+SP vehicle 


i.c. (7) —0.74+1.06* —0,31+0.67* 
Saline i.p.+SP vehicle (7) 


—0.23 +0.84* —0.31 +.0.88* 





Chronic MSi.p.+SP (7) 0.37+0.92 —0.26-40.72 151+0.66 
Chronic MS i.p.+MS (5) —0.92+1.41 1.724139  0.32+1.48 
Chronic salinei.p.+ SP (5)  3.7741.70 = 7.50+2.11 7.90+1.83 








Injections were in 0.04 ml intracerebrally (ic.) and 0.1 ml intra- 
peritoneally (i.p.). Doses (per mouse): SP 2 ng; MS 0 4 ug; naloxone 
60 ng (i.p.). All increases in RT were statistically significant with 
respect to the corresponding controls using Student’s £ test (P <0 05) 
except those marked with an asterisk. 

Number of animals per group is given in parentheses. All drug 
injections were made at 1030. 
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Table 2 Analgesic action of intraperitoneally administered SP 





Time of Increase in RT (s) 
testing (min) Group | Group 2 Group 3 
30 7.04+1.91 7 642.69 0.3+1.48 
60 6.56+2.4 11.44+3.49 2.08 + 1.48 
90 8.3643.2 10.96-+1.33 1.12+1.41 
120 6.24+1.4 8.2+3.18 3.0+0.86 
150 3,.84+2.12 4.08+1 26 2.324-1.20 








Each group contained 5 mice, each weighing 30 g. Injections 
(0.1 ml intraperitoneally) were: group 1, SP 5 ng per mouse; group 2, 
SP 1 ug per mouse, group 3, SP vehicle alone. For other details of 
testing, see text and Table 1. Increased RTs of animals in groups 1 
and 2 were all significant compared with group 3 (P<0.05) except 
at 150 min. 


however, while being handled and while on the analgesio- 
meter. These behavioural effects of SP were similar to those 
described previously”. ; 

To determine whether animals made tolerant to morphine 
also showed cross tolerance to the analgesic action of SP, 
animals were given morphine chronically before testing. 
On the first day of this experiment the RT of each mouse 
was tested on the analgesiometer before drug or placebo 
administration. Mice were then divided into three groups. 
Groups 1 and 2 received three injections of morphine intra- 
peritoneally (0.25 mg per mouse per injection) on day 1, 
three injections on day 2 (0.5 mg) and three injections on day 
3 (1 Omg). On day 4 mice of group 1 were given SP intra- 
cerebrally and the mice of group 2 were given morphine 
intracerebrally. Animals of group 3 were given saline 
injections on days 1, 2, and 3, and received SP on day 4. 
The last part of Table 1 shows that mice treated chronically 
with morphine did not show any analgesic reaction to mor- 
phine or SP, whereas mice given chronic saline responded 
normally to SP. 

Since SP has been reported to cross the blood-brain 
barrier’, it was also tested for analgesic action after peri- 
pheral administration. The experimental protocol was 
similar to that of the initial experiment described above, 
except that SP was administered by intraperitoneal injec- 
tion Table 2 shows that SP caused significant analgesia in 
mice at dose levels of 5ng or 1 ug per mouse At all times 
except 150 min, the changes in RT of animals in groups 1 
and 2 were statistically significant compared with vehicle 
controls (group 3). The changes in RT at 150 min were not 
statistically significant, probably because of the small num- 
ber of animals used and the fact that the analgesia was 
wearing off at that time. 

In view of these results, the reported algogenic action of 
SP on the human blister base was re-examined using 
synthetic SP Blisters were raised on the volar surface of 
human forearms by application of Cantharone (0.7% can- 
thardin in collodion). After 20h the blister top was re- 
moved and the fibrin layer removed from the base. Sub- 
stances to be tested were dissolved in buffered physiological 
saline and applied to the blister base’. Synthetic SP was 
not algogenic at concentrations up to 1mgml™, whereas 
acetylcholine and bradykinin were potent algogens. Algo- 
genicity of acetylcholine and bradykinin was not antago- 
mised by SP or Leu’-enkephalin. The previously-reported”” 
algogenicity of SP on the blister base may have been 
attributable to kinin contamination, since the SP used was 
isolated material. The failure of SP to produce analgesia 
on the blister base suggests that its site of action is central, 
as is that of morphine. The interaction we observed 
between SP, morphine and naloxone also supports this 
postulate. 

We have found SP to be a potent analgesic in mice. This 
action of SP in vivo is in sharp contrast to the reported 
failure of SP to act like morphine on the field-stimulated 
guinea pig ileum® or in binding to morphine receptors”. 
Since SP is a powerful stimulant for contraction of the 
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ileum, it is possible that this latter activity may have 
obscured any morphine-like inhibition of contraction. With 
respect to receptor binding, it is possible that more than one 
type of morphine receptor exists in CNS tissue and that 
the one tested by Terenius’ may not combine with SP. 
The SP receptor may possibly be degraded during the isola- 
tion procedure. It is possible that the analgesic action of 
SP may be mediated through the release of other sub- 
stances. Another possibility is that the analgesia after 
administration of SP is not attributable to the intact 
molecule, but a metabolite of it. The slow onset and pro- 
longed duration of action of SP compared with morphine 
may lend support to this hypothesis. Arguing against this 
possibility is the observation of Otsuka er al.‘, who found 
that shorter C-terminal fragments of SP, which retain 
relatively high myotropic potency, had little depolarising 
activity in frog spinal motoneurones. 

It has been reported that enkephalin, which comprises 
residues 61-65 of B lipotropin, has only very transient and 
probably insignificant analgesic action in vivo'*, whereas the 
much larger C-fragment (residues 61-91 of B lipotropin) is 
an active, potent, in vivo analgesic’; these data were ob- 
tained by intracerebral injection of the peptides. Our find- 
ing of the potent analgesic action of SP after peripheral 
administration suggests that the development of a small 
peptide as a practical analgesic drug may be possible. The 
intraperitoneal route of administration should minimise any 
undesirable hypotensive effects of SP, and its already pro- 
longed analgesic action may be further prolonged by depot 
forms of administration. 
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Colchicine inhibits mitogenesis 
in C1300 neuroblastoma cells 
that have been arrested in Go 


CELLS in G, or Go usually progress through the cell cycle 
and stop in metaphase when colchicine is added to the 
growth medium**. I have observed, however, using two 
different experimental techniques, that mouse C1300 neuro- 
blastoma cells reversibly arrested in Go by serum limitation’ 
are unable to re-enter the cell cycle in the presence of 
colchicine. 
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No. of cells 


1 = | 1 
Channel no. (amount of DNA) 


Fig. 1 Effect of colchicine on exponentially growing C1300 
neuroblastoma cells. FMF analysis (a) before colchicine and (b) 
40 h after addition cf 1 pg ml colchicine to the growth medium. 
C1300 cells were treated as described by Crissman and Tobey™ 
to obtain a monodisperse suspension. Cells were stained with 
mithramycin and passed through a Los Alamos design micro- 
fluorometer’® equipped with an argon laser excited at 457 nm. 
The fluorescent light flash from each cell, which is proportional 
to the cell’s DNA content, was converted to an electrical pulse 
by a photomultiplier and stored in a multichannel pulse—height 
analyser. The data were also displayed on an oscilloscope as 
shown above. 


Colchicine inhibited by about 85% the incorporation of 
*H-thymidine into DNA from 21 to 28h after the arrested 
C1300 cells were returned to complete growth medium 
(Table 1). This could mean that C1300 cells do not leave 
Go, or progress more slowly through the cell cycle, or do 
not take up thymidine’, A second technique, flow micro- 
fluorometric (FMF) analysis’, which can determine the 
distribution in the cell cycle of a cell population by measur- 
ing the DNA content of individual cells, was used to dis- 
tinguish among these possibilities. FMF analysis showed 
that after 44 h in growth medium plus colchicine about 85% 
of the original cell number is still in Go (Table 1). Colchicine 
therefore prevents C1300 cells from leaving Gy. The effect 
of colchicine additions at 10, 17, and 20h after the cells 
were returned to DEM+10% calf serum (Table 2) suggests 
that the block involves the latter part of G» but not S phase. 
Colchicine inhibits mitogenesis in C1300 cells in Gx but fot 





Table 1 Inhibition by colchicine of re-entry of C1300 neuroblastoma 


cells from Gy into the cell cycle 


% Inhibition of 
TCA-precipitable 
3H-thymidine counts* 


% Inhibition of release 

Colchicine (ug ml-® from G, as determined 
by FMF analysist 

1 85 

0.5 86 82 


0.10 87 82 


*C1300 cells, which were arrested in Go by serum limitation’, 
were plated in Dulbecco’s modified Eagle’s medium (DEM)+ 10% 
calf serum at 2.5 x 10° cells per 60-mm Petri dish (Falcon), Colchicine 
was added about 30 min later. Cultures were pulsed with 5 pCi °H- 
thymidine in 0.10 ml 1.5x10-*M non-radioactive thymidine from 
21 to 28 h after plating. Cells were collected on glass-fibre filter 
papers, washed twice with Tris-saline buffer, twice with 10% TCA 
and once with 95% ethanol. The filter papers were counted in a 
scintillation fluid containing 4.2% Liquifluor in a liquid scintillation 
counter, Each sample point was done in duplicate. The variation 
between points was less than 10°. These results are from one of 
several experiments, all of which showed this effect. The sample 
without colchicine added had 70,000 c.p.m. 

Cells were monitored for their ability to maintain a healthy clumped 
morphology in the suspension culture and to exclude Trypan blue. 
At all colchicine concentrations, for the first 30 h of the experiment, 
the cells grew in healthy clumps in suspension and over 90% ex- 
cluded Trypan blue. By 48 h, however cultures with 1 pg ml 
colchicine had smaller clumps and only 75% of the population 
excluded Trypan blue. The cells appeared to deteriorate after 45 to 
50 h at this colchicine concentration. At the lower colchicine con- 
centrations, the cells appeared clumped and at least 85% excluded 
Trypan blue after 48 h. 

+FMF analysis in parallel cultures to the first part of the experiment 
was carried out as described previously’’*~™ using the mithramycin 
staining procedure. FMF experiments carried out parallel with 
other *H-thymidine incorporation experiments gave similar results. 
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Table 2 Interval of sensitivity to colchicine additions to cell cultures 
after arrested C1300 cells were returned to complete growth medium 


Inhibition of 


Time of colchicine TA rreipinble 


addition*® (h) °H-thymidine countst 
1 88 
10 79 
17 31 
20 15 





*Results for colchicine concentration of lug ml~!. Similar results 
were observed at colchicine concentrations of 0.5 and 0.1 pg ml ~, 

+TCA-precipitable *H-thymidine incorporation was measured 21 
to 28 h after the arrested cells were returned to DEM+10% calf 
serum. Assay was carried out as described in Table 1 and ref. 7. In 
addition, FMF analysis was carried out on parallel cultures 48 h 
after the cells were returned to DEM + 10% calf serum. 


in G, since only 5% of an exponentially-growing cell popu- 
lation is in G, (Fig. 1) 40h after addition of 1 ug ml“ col- 
chicine to the growth medium. Vinblastine sulphate 
(1 ug ml"’) also inhibits the re-entry into the cell cycle of 
C1300 cells arrested in Go. 

The mechanisms of growth regulation in normal and 
transformed cells are still being elucidated’’’*”. The cell 
membrane is thought to have a central role in controlling 
cell growth, in part by mediating the effects of serum 
factors that signal a cell to proliferate early in G, or Go 
(refs 14-17). This concept and the evidence that colchicine 
and other microtubule-disrupting drugs can affect the 
topographical distribution of receptors in the cell 
membrane™~* could explain my results. Colchicine may be 
altering the topographical distribution of receptor(s) for 
serum factor(s) required by the arrested C1300 cells to re- 
enter the cell cycle. 

The results presented in Table 2 show that C1300 cells 
can receive a ‘stop’ signal late in Gs, some considerable time 
after the initial ‘go’ signal is received from serum factors”. 
This suggests that the mechanism of mitogenesis depends 
on specific receptor configuration(s) in late Go as well as in 
early G; or Gù (refs 15-17). 

Combinations of drugs that include a microtubule-dis- 
rupting agent are more effective than single drugs in treat- 
ing tumours”. The results presented here suggest that 
this may be due, in part, to the effect the microtubule 
disrupting agent has on cells in Go. The development of 
selective approaches to alter the mobility of receptors on 
the plasma membrane may prove useful in controlling 
malignant cell growth. 

Gunther er al.™ have shown that colchicine inhibits mito- 
genesis in lymphocytes. Also, colchicine inhibits mitogenesis 
in mouse 3T3 cells and dog MDCK kidney cells that have 
been reversibly arrested in Gp (M. Baker, unpublished), 
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Inhibitory action of glutamic 
acid on cerebellar interneurones 


GLuTAMIC acid strongly excites almost all central neurones 
examined, and it has been considered to be a main excitatory 
transmitter in the mammalian brain’. Although some 
neurones in the olfactory bulb have been inhibited by 
glutamic acid’, this has been explained by the assumption 
that glutamate primarily activated y-aminobutyrate 
(GABA)-releasing inhibitory interneurones, which in turn 
inhibited the neurones in question’. In the experiments re- 
ported here, glutamate inhibited neurones in the granular 
layer of the cerebellum: this action does not seem to be 
mediated by inhibitory interneurones. 

Thin sections of guinea pig cerebellum (80-120 um 
thick) were prepared from the uvula and nodulus perpen- 
dicular to the long axis of the folium as before‘. They were 
incubated in glucose-saline medium saturated with 95% O: 
and 5% CO, at 37 °C for more than 40 min, and transferred 
one by one into an observation chamber under a micro- 
scope’. Single cell discharges were recorded extracellularly 
from neurones in the granular layer with glass micro- 
electrodes of tip diameter 2-4 um. 

About half the neurones encountered in the granular 
layer were excited by glutamate (GE cells) and others were 
inhibited (GI cells) (Fig. 1). When glutamate was ad- 
ministered electrophoretically to a point about 30 um from 
the tip of the recording pipette, the discharge rate of a 
GE cell started to increase within 1 s (Fig. 15). The rate of 
firing of a GI cell, on the other hand, gradually decreased 
and then stopped (Fig. la, 1). Firing resumed after the 
electrophoretic current was turned off. An increase in 
electrophoretic current shortened the latency of inhibition 
(Fig la, 2). In some GI cells, contact of a pipette contain- 
ing glutamate with the section near the recording site 
induced suppression of the firing even if a retaining current 
of 25nA was passed continuously through the pipette (Fig. 
2a, 1). This was probably due to a background leakage of 
glutamate which was reported to occur occasionally in spite 
of the retaining current’. In these cells, reduction of the 
retaining current caused stronger inhibition, and reversal of 
the current further increased the inhibition, Therefore, the 
inhibition observed during administration of glutamate can- 
not be explained by the electrotonic effect of current flow. 
This conclusion is strengthened by the observation that the 
neurones identified as the GI cells by electrophoretic ad- 
ministration of glutamate were also inhibited consistently 
when the sections were perfused with medium containing 
0.1-0.3 mM glutamate. 
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Fig. 1 Responses of cerebellar interneu- 
rones to glutamic acid administered to 
nearby points. a, Recorded from a GI cell. 
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10nA 


Ea 
Electrophoretic currents were administered 2 ! 2 mV 
during the periods indicated by the solid = 
lines beneath the records. Intensities of the “02 A 


currents are shown above the records. b, 
Recorded from a GE cell. Solid line: the 
retaining current of 25 nA was turned off. 


The firing of the GI cells was suppressed not only by 
glutamate but also by GABA. In the experiment illustrated 
in Fig. 2, the extension of the area in which GABA admini- 
stration effectively suppressed the firing of a GI cell (GABA- 
sensitive area) was compared with the extension of the 
glutamate-sensitive area defined similarly. If GABA in- 
hibits a GI cell directly and glutamate works through 
mediation of inhibitory interneurones, it would be expected 
that the extension of the GABA-sensitive area would not 
coincide with that of the glutamate-sensitive area. In all 
six GI cells studied, however, both areas almost agreed with 
each other (Fig. 2). Inhibition by glutamate was not 
blocked by strychnine (0.5 mg 1") or pictrotoxin (50 mg I~’), 
the latter being found to block the action of GABA. 
Although inhibition by GABA was blocked in the medium 
in which Cl” was substituted by propionate ions, inhibition 
by glutamate was not affected in Cl-free medium. Thus 
inhibition by glutamate is not mediated by GABA-releasing 
neurones. Moreover, inhibition by glutamate was main- 
tained in the medium containing 16 mM Mg’*, in which 
synaptic transmission in brain slices was reported to be 
completely blocked’. This result excludes the possibility 
that interneurones intervene in the inhibition by glutamate. 

In the cerebellar sections used in these experiments, 
individual neurones in the granular layer were not distinctly 
visible under a microscope. Therefore, the GI cells have not 
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Fig. 2 Suppression of firing of a GI cell by glutamic acid and 
GABA. a: |, the tip of a pipette filled with 1 M sodium L- 
glutamate, pH 8.2, touched a point indicated by dots in (b) 
approximately at the time marked by an arrow pointing down- 
wards. The approximate time at which the pipette was removed 
is marked by an arrow pointing upwards. The retaining current 
of 25 nA was passed continuously through the pipette. 2, GABA 
was administered to the same point with an electrophoretic 
current of 25 nA during the period indicated by a broken line. 
b, Glutamate and GABA inhibited the cell when administered 
to the points indicated by dots but had no effect when admini- 
stered to the points indicated by crosses. 
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been identified morphologically. At least some of the GI 
as well as GE cells, however, seem to be large Golgi cells, 
because action potentials exceeding 5mV in amplitude 
were sometimes recorded from the GE and GI cells with 
electrodes of relatively large tips. When an electric shock 
was applied to the white matter, the GI cells were 
inhibited and the GE cells were activated. This suggests 
that the distinction between the GE and GI cells is not 
only of pharmacological but also of physiological 
significance, 
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Growth of transplanted 
monoaminergic neurones into the adult 
hippocampus along the perforant path 


CENTRAL and peripheral monoaminergic neurones have been 
found to survive transplantation to certain sites in the adult 
rat brain’. The neurones grow extensively in their new 
location and the newly formed axons extend through the 
surrounding scar tissue into the host brain. We now report 
experiments in which transplants of adrenergic, dopa- 
minergic or indolaminergic neurones were transplanted to a 
cavity in the retrosplenial cortex to give them the oppor- 
tunity to grow along the lesioned temporoammonic per- 
forant path into the partly denervated hippocampal 
formation. The results demonstrate a remarkable ability of 
the regenerating axons to establish reproducible and 
characteristic terminal patterns in large areas of the 
hippocampus. 

As described previously’, transplantation involved the 
placement of pieces of embryonic brainstem—containing 
major noradrenaline (NA), dopamine (DA), or indolamine 
(IA) cell groups—or a piece of a mature sympathetic 
ganglion in a resection cavity in the occipital pole’, in 
contact with or in proximity to the dorsal hippocampus 
(Fig. 1). The operation involved a major portion of the 
perforant path fibres innervating the dorsal part of the 
hippocampal complex’. Four types of material were 
transplanted: (1) a half to a third of the superior cervical 





Fig. 1 Position of the neural implants in the hippocampal region, 
as illustrated in a sagittal plane. Hatched area denotes the 
extent of the resection cavity. The transplant (T) was placed, 
under visual control, on to the richly vascularised pia covering 
the underlying colliculi. The lesion involved part of the entorhinal, 
retrosplenial and occipital cortex, and the dorsal part of the 
subicular complex. All animals were subjected to complete 
intracranial sympathectomy before or at the time of trans- 
plantation. AC, Anterior colliculus; CA, anterior commissure; 
CC, corpus callosum; F, hippocampal fimbria; GD, dentate 
gyrus; PC, posterior colliculus. 


ganglion taken from the adult recipient rat (autologous 
transplantation); (2) the ventromedial mesencephalon taken 
from embryos, containing primarily DA neurones; (3) the 
locus coeruleus region of the pons, taken from embryos, 
containing primarily NA neurones; (4) the pontine raphe 
region, taken from embryos, containing primarily IA 
neurones. These pieces of central nervous system (CNS) 
were dissected from embryos with a crown-rump length of 
15-25 mm, essentially as described by Olson and Seiger", 
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and they were transplanted homologously into adult rats 
(Sprague-Dawley; 180-200 g body weight). 

The animals were killed 1-6 months later. To remove the 
normal monoaminergic innervations of the hippocampal 
formation, about half the recipients were given an intra- 
ventricular injection of either 6-hydroxydopamine 
(6-OHDA; 250g) or 5,7-dihydroxytryptamine (5,7-DHT; 
150 ug) 2-6 d before transplantation. Brains were processed 
for fluorescence histochemistry according to the Falck- 
Hillarp formaldehyde method (for technical details, see 
ref. 7). Animals bearing IA transplants were treated with 
the monoamine oxidase inhibitor nialamide (300 mg kg™*) 
3-Sh before killing, to facilitate visualisation of fibres 
containing 5-hydroxytryptamine (5-HT). 

There were up to about 200 surviving, fluorescent 
neurones in the peripheral NA transplants, and up to about 
500 in the central NA, DA and IA transplants (see ref. 1 
for further details of fluorescence microscopical features of 
the transplants). Of the 18 ganglionic transplants studied, all 
survived except one, and 26 of the 33 CNS transplants 
survived. Abundant fibre outgrowth was demonstrable from 
all four types of transplant. In 19 out of the 26 surviving 
CNS transplants and in 16 of 17 surviving ganglionic trans- 
plants the outgrowing fibres grew into the hippocampal 
formation, above all the dentate gyrus. The transplantation 
lesion involved the dorsal presubiculum and subiculum, and 
a minor adjoining portion of CA 1, In some cases there was 
also a minor lesion in the dentate gyrus (Fig. 2a and b). 
Consequently, the outgrowing nerve fibres grew towards a 
largely intact dentate gyrus and towards the cut surface of 
CA 1, as shown semischematically in Fig. 2. There was an 
obvious preferential orientation of the newly formed fibres 
towards the dentate gyrus; this was most clearly demon- 
strated when the transplant was placed some distance from 
the dentate, as in Fig. 2a and c. In such cases the fibres 
had grown through the surrounding scar tissue for up to 
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Fig. 2 a-d, Semischematic drawings, in the sagittal plane, of the fibre outgrowth from four types of neural transplants towards the hippo- 
campus (compare Fig. 1). a, Superior cervical ganglion, 6 months survival. The recipient rat was given 250 ug 6-OHDA, intraventricularly, 
2 d before transplantation. The transplant, which underwent considerable atrophy, contained about 90 ganglionic nerve cells with a fairly 
normal and healthy fluorescence microscopical appearance. This animal had also a minor lesion of the fimbria, which probably caused 
some increase in the fibre ingrowth. b, NA transplant taken from an embryo with a crown-rump length of 25 mm, 3 months survival. The 
normal adrenergic and indolaminergic innervations of the hippocampus had been removed with an intraventricular injection of 150 ug 
of 5,7-DHT, 6d before transplantation. The transplant, which retained approximately its original size, contained about 450 surviving 
catecholamine-containing neurones confined to two major cell clusters. c, [A transplant taken from an embryo with a crown-rump length 
of 15 mm, 3 months survival. The transplant was filled with a dense pattern of newly formed IA fibres. Because they obscured many of 
the surviving IA cell bodies it was not possible to assess their number. d, DA transplant from an embryo with a crown-rump length of 
20 mm, 6 weeks survival. The normal hippocampal adrenergic and indolaminergic innervations had been removed by a 5,7-DHT injection 
3 d before transplantation. The transplant, which probably had increased somewhat in size, contained several hundred surviving fluorescent 
catecholamine neurones, intermingled with a dense plexus of locally ramifying DA fibres. 
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1-1.5 mm in rostral, lateral and ventrolateral directions to 
reath the adjacent dorsal part of the hippocampus and the 
dentate gyrus. In those specimens where the fibres had 
failed to reach the hippocampus the transplant had either 
been displaced more than 1-1.5 mm away from the dentate 
gyrus, or (in the case of CNS tissue) the surviving mono- 
amine neurones were separated from the dentate by 1 mm 
or more of transplanted tissue devoid of monoamine 
neurones. 

The fibres grew into the dentate gyrus either along the 
shortest course straight into the dentate, or along the 
hippocampal fissure into the dentate gyrus and the hippo- 
campal CA 1 and CA 3 regions. In some cases the fibres 
also passed for some distance along the pia of the ventral 
surface of the dentate gyrus before entering the underlying 
tissue. Although the amount of fibres that grew into the 
hippocampal formation from the transplant varied from 
specimen to specimen, their patterning was remarkably re- 
producible and showed distinct and consistent differences 
among the several types of grafted neurones. 

The peripheral NA neurones had formed a dense varicose 
terminal pattern in the hilar region as illustrated in Fig. 2a 
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back to the NA transplant (Fig. 25). In the dentate gyrus 
these fibres had—like the normal adrenergic innervation— 
their densest distribution in the hilar region. From here 
fibres could be traced through the granular layer into the 
molecular layer where irregularly running fibres were found 
throughout its width (Fig. 3c). In some specimens, such as 
the one in Fig. 24, the ingrowing fibres tended to aggregate 
in the outer part of the molecular layer. The fibres reached 
CA 3 and CA 1 either from the hilus or along the hippo- 
campal fissure. The magnitude of ingrowth into these areas 
varied considerably. In the richest specimens (Fig. 2b) the 
new fibre supply covered approximately the dorsal two- 
thirds of the hippocampus. There was a marked difference 
between the CA 3, which demonstrated a fairly rich fibre 
supply in all layers, and the CA 1, where the ingrowing 
fibres were only sparse and scattered. 

The distribution of fibres growing from the central IA 
transplants (observed in both non-pretreated and in 5,7- 
DHT-pretreated recipients) was different from that of the 
central and peripheral NA fibres. The IA transplants 
formed a layer of densely packed varicose fibres in the 
outer half of the molecular layer in the dentate gyrus 





Fig. 3 Detail of the dorsal part of the dentate gyrus showing: a, normal adrenergic innervation in a control rat; 6, adrenergically denervated 

dentate gyrus in a rat treated with 150 ug of 5,7-DHT (taken from the contralateral, control side of the transplanted rat shown in (c) ). 

Only some single, scattered terminals remain (arrows). c, Patterning of adrenergic fibres originating from a NA transplant, 3 months survival 

(the dentate was adrenergically denervated before transplantation, as shown in (b). d, Patterning of indolaminergic fibres originating from 
an IA transplant, 3 months survival. m, Molecular layer; g, granular layer; h, hilus. Compare Fig. 2. (x 90) 


for a specimen taken 6 months after transplantation. Only 
a few fibres had passed through the granular layer into the 
basal part of the molecular layer. The outer part of the 
molecular layer was consistently devoid of fibres. Growth 
into the hippocampus proper was much more sparse. The 
fibres appeared to reach the CA 3 region from the dentate 
gyrus, and in most specimens fibres occurred only in the 
part of CA 3 close to the dentate. In the 6-month specimen 
(Fig. 2a) the ganglionic fibres had grown through CA 3 
into part of the CA 1 region. The patterning of the gang- 
lionic fibres was remarkably similar to that of the normal 
adrenergic nerve supply (Fig. 3a, compare refs 8 and 9). 
These fibres were identified as coming from the transplant 
by observations with recipients in which the normal adren- 
ergic innervation of the hippocampal formation had been 
removed by pretreatment with 6-OHDA. The completeness 
of the denervation was checked in the contralateral hippo- 
campus. 

The growth of fibres from the transplanted central NA 
neurones was studied in rats pretreated with 5,7-DHT. This 
removed both the normal NA and 5-HT innervations of 
the hippocampal complex, and the denervation persisted 
for at least 6 months (Fig. 35). Within 1-3 months of 
transplantation the dorsal part of the dentate gyrus and, in 
some specimens, the hippocampal CA 3 and CA 1 regions 
received a new fluorescent fibre supply that could be traced 


(Figs 2c and 3d). Occasionally, fibres were seen to have 
grown along the hippocampal fissure to form a similar fibre 
band in part of the stratum lacunosum-moleculare in CA 1 
(Fig. 2c). The position of these fibre bands seems to con- 
form to the normal distribution of the terminals of the 
perforant path fibres’'*’’. The fibre supply to the lower 
half of the molecular layer and the granular layer was 
much more sparse. This was the case also in the hilar region 
where usually the densest 5-HT innervation is found 
(compare ref. 11). The IA fibres were not seen to extend 
into CA 3, 

The fibres from the central DA transplants had a 
characteristic delicate and fine varicose appearance (similar 
to that of normal central DA terminals) and they were thus 
well distinguishable from the normal NA innervation also 
seen in the non-pretreated animals. Like the IA fibres, the 
outgrowing DA fibres formed a dense, fine varicose fibre 
band in the outer half of the molecular layer in the dentate 
gyrus. Figure 2d illustrates a case with an unusually large 
number of surviving DA neurones, where the ingrowing 
fibres had covered the entire dorsal dentate. Moreover, a 
dense band of DA fibres had been formed also in the 
stratum lacunosum-moleculare of CA 1. The inner part of 
the dentate molecular layer occasionally had a dense supply 
in the portion closest to the transplant. Otherwise, only few 
fibres were observed in the inner part of the molecular 
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layer and in the hilus, and none was found in the 


hippocampus proper. 

The transplanted central and peripheral neurones were 
allowed to grow towards a hippocampus that had been 
partially deafferented through a lesion in the perforant 
path system and by removal of the monoaminergic brain- 


stem afferents. From the transplant, located in the resection - 


cavity in the retrosplenial cortex, the growth of the new 
fibres was directed along a course roughly corresponding to 
that of the lesioned perforant path fibres (compare refs 
2-5). Entering the hippocampus through presubiculum and 
subiculum, the perforant path fibres are known to run 
through and along the hippocampal fissure to terminate 
heavily in the outer part of the molecular layer in the 
dentate gyrus. In interpreting our data, it seems that the 
outgrowing fibres of all different monoamine neurone types 
will find their way into the dentate gyrus along the 
degenerated perforant path, and that two of them, the TA 
and DA neurones, will distribute their fibres in a manner 
strongly resembling that of the perforant path fibres. The 
central and peripheral NA fibres, on the other hand, pattern 
themselves differently, the most heavy termination being in 
the hilar region, just as the normal adrenergic innervation. 
This growth process can be viewed as an attempt at a 
heterologous reinnervation of the dentate gyrus by re- 
‘generation of peripheral adrenergic neurones or by out- 
growth of developing central neurones. Contrary to the 
traditional view that the scar tissue and the composition of 
the CNS tissue prevent axonal outgrowth in the adult 
mammalian brain’, the axons of the transplanted 


neurones grew without any apparent obstacle up to at least. 


1mm through the developing scar tissue, through the pial 
covering in the hippocampal fissure, ahd penetrated deeply 
into the dentate gyrus and the hippocampus. Here. the 
newly formed fibres extended’ for distances of up to 3-4 mm 
from the transplant. 


The most intriguing feature of this process is that different 


types of fibres, although growing along the same route, form 
distinctly different and highly consistent patterns in the 
hippocampal formation. This strongly suggests that direc- 
tional and organising forces—not unlike those demonstrated 
in lower vertebrates "—are operating also in the brains 
of adult mammals. And in view of the fact that such bio- 
chemically closely related neurones as the DA and NA 
neurone types pattern themselves entirely differently, it 
seems that these mechanisms have a high degree of precision 
and selectivity. Nothing is known so far about the ultra- 
structural mode of termination of the outgrowing fibres. 
But on the basis of their light microscopic distribution it 
seems possible that the transplanted IA and DA neurones 
(and to some minor degree perhaps also the central NA 
neurones) had grown to fill the terminal space vacated by 
the lesion of the non-monoaminergic perforant path, and 
that the adrenergic neurones had regenerated a fairly 


normal innervation pattern. This is in line with the idea. 


that mechanisms adequate for the re-establishment of 
severed fibre connections are present in the mammalian 
brain, but that these mechanisms are not entirely specific 
for the appropriate neurone type. 
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Progesterone may act at 

hypothalamus and pituitary by way 

of enhancement of oestrogen retention 
PROGESTERONE injection given 24h or more before ovulation 
inhibits the ovulatory cycle™™*. There is evidence that pro- 
gesterone can act directly on the hypothalamus’ to block 


ovulation and on the pituitary to reduce pituitary sensitivity 
to luteinising releasing hormone’, Steroid-sensitive target 


. tissues including hypothalamus” and pituitary'* contain 


d.p.m./100 mg dry weight (x 103) 
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Fig. 1 Adult Sprague-Dawley rats, ovariectomised 14d pre- 
viously, received an intraperitoneal injection of 2 pCi per 100 g 
body weight of 2,4,6,7-7H-oestrodiol (100 Ci mM) in 0.9% 
NaCl. Previously the animals (n = 10) received a 50-mg subcu- 
taneous pellet of progesterone for 6, 24, 48 or 72 h. Other groups 
had the progesterone pellet removed after 24 h and *H-oestra- 
diol injected 6, 24, 36 or 72 h later. Saturation of the specific 
retention system was achieved by subcutaneous implacement of 
an oestradiol pellet for 72 h (Epen). Two hours after *H-oestradiol 
injections, the animals were killed, perfused with saline and the 
tissues removed as described previously for hypothalamus’. 
Tissues were dried at 60°C, weighed and then rehydrated in 
Tris-EDTA. After grinding in all-glass homogenisers extraction 
was carried out twice with 5 ml ethyl acetate. Combined extracts 
from a single tissue were dried in scintillation ` vials. The 
scintillation cocktail was 0.4% POP and 0.03% POPOP in 
toluene. Thin lines indicate s.e.m. Student’s ¢ test was used in 
the statistical analysis: *P = 0.05; **P = 0.01; ***P = 0.001. 
a, Preoptic-anterior hypothalamus; b, arcuate-median eminence; 
c, Pituitary. Epen, non-saturable oestrogen retention. e 
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a specific oestrogen retention mechanism of limited capacity. 
Oestrogen-regulated events can be demonstrated only in 
the presence of a functional retention (receptor) system for 
oestrogen. In contrast, no specific progesterone retention 
system has yet been demonstrated for hypothalamus or 
pituitary. Does progesterone interact with these target 
tissues in a novel manner? This seems unlikely since other 
steroids which have been studied—for example, adrenal 
corticoids’’” and androgens*—have been found to bind to 
specific receptors in their target tissues. We therefore tested 
an alternate possibility that progesterone action on hypo- 
thalamus and pituitary might result in modification of the 
oestrogen receptor system. We tested *H-oestradiol retention 
by hypothalamus and pituitary after in vivo treatment with 
progesterone (subcutaneous pellet; release rate=1.5- 
3 mg d™') of various durations from hours to days. Jn vitro 
*H-oestradiol-specific retention by oestradiol-receptor com- 
plexes transferred to the nuclear fraction of these tissues 
was also compared for animals receiving previous in vivo 
progesterone treatment compared with ovariectomised 
animals not receiving progesterone treatment. 
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Fig. 2 Adult Sprague-Dawley rats were ovariectomised 14 d 
before the experiment. Half the animals (right-hand sets of 
columns) received a 50-mg subcutaneous pellet of progesterone 
on day 11. The animals were killed by exsanguination. Left-hand 
sets, controls. After homogenisation of the tissue (0.32 M 
sucrose, 3 mM MgCl,, 3 mM K,MP04, 14 mM 2 mercapto- 
ethanol, pH = 6.5) one half of each homogenate was incubated 
at 30°C for | h in 1.0*10~-* M 2,4,6,7-*H-oestradiol. The 
other half was incubated in the same concentration of *H-oestra- 
diol plus 1.0 10-* M unlabelled oestradiol plus 1.0 x 10-° M 
diethylstilboestral. Nuclear purification followed the methods of 
Lovtrup-Rein and McEwen* with slight modification. The 
nuclear fractions were extracted twice with ethyl acetate and 
twice with ethan ol-diethyl ether (50:50) at 50 °C. Extracts were 
dried in scintillation vials and counted using 0.4% POP and 
0.03% POPOP in toluene. DNA was extracted from the nuclear 
fraction and measured by the method of Kissane and Robins”. 
a, Hypothalamus; b, pituitary. 


Our in vivo studies (Fig. 1) show that in the continued 
presence of progesterone a significant increase in “H-oestra- 
diol retention has occurred by 48h and is still expressed 
at 72h. The magnitude of this increase was pituitary> 
arcuate-median eminence > preoptic—anterior hypothala- 
mus. When the animals are exposed to progesterone for 
24h, no change in “H-oestradiol was observed if the pro- 
gesterone source was removed at that time; a significant 
increase in “H-oestradiol retention was found for pituitary 
at 30h, at 48h in the arcuate-median eminence region, 
and at 60h in the preoptic—anterior hypothalamic region. 
Thus, in the continued presence of the progesterone source, 
all tissues showed a response at 48h. When the response 
was measured after removal of the progesterone source, 
however, the pituitary showed the shortest response interval 
e 
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(30 h). These data on in vivo total tissue retention are sup- 
ported by the demonstration that the specific in vitro 
oestrogen retention by the nuclear fraction was significantly 
enhanced when ovariectomised animals were pretreated with 
progesterone for 72 h (Fig. 2). 

Our study shows that progesterone treatment in vivo 
significantly modified oestradiol retention, studied in vivo 
for whole tissue and in vitro for the nuclear fraction from 
hypothalamus and pituitary of female rats. This supports 
the concept of progesterone acting both at the neural 
level®* and pituitary’ level in regulation of the ovulatory 
cycle. Exposure of the pituitary and the neural tissues to 
progesterone for 48h resulted in an increase in specific 
oestradiol retention. This increase could be observed for at 
least 72h after the end of 24h progesterone treatment. 
The change in oestradiol retention observed after 24h of 
progesterone treatment correlates with the time required 
for progesterone to inhibit events of the ovulatory cycle. 

At present, no nuclear progesterone receptor has been 
demonstrated for the hypothalamus or the pituitary. 
Through some mechanism requiring progesterone and at 
least 24 h, however, the amount of oestradiol receptor found 
in the nuclear fraction is increased. The possibilities of 
whether the biological effect of progesterone on the 
ovulatory cycle is mediated by an increase in oestradiol 
receptors in these tissues, or whether the increase in oestra- 
diol receptors is caused by a progesterone-mediated block 
of a later step in the oestradiol-receptor—-genome interaction 
is under investigation. 

This work was supported by the USNSF and was carried 
out with the facilities of the Whitehall Foundation. We 
thank Mrs Ginger Wang and Mrs Kay Chien for assistance. 
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Combination of insulin chains on an 
anti-insulin antibody—Sepharose column 


WHEN the mixture of products obtained by combining insulin 
A and B chains in solution (for a review, see ref. 1) was chro- 
matographed on an anti-insulin antibody—Sepharose column? 
no clear separation was achieved’. From the low biological 
activity (24.1 %) of the material with the same antibody affinity 
as natural insulin (10.9% of the total bound products) it was 
concluded’? that resynthesised insulin with authentic structure 
constituted only a small portion of this fraction. Combination 
of insulin chains in sclution has always involved a number of 
steps*® and has produced a mixture of products from which 
pure active insulin could be isolated by gel filtration and ion- 
exchange chromatography’. Linking the chains using the pro- 
cedure described in this report, however, has given only one 
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combination product that, according to various criteria, was 
identical with insulin and could be separated from unreacted 
A and B chains in one step. 

That the B chain of insulin cross reacts with anti-insulin 
antibodies, whereas the A chain does not’, formed the basis for 
our new method of resynthesising insulin from the two chains. 
This method also involved the participation of antibodies 
(Fig. 1). During resynthesis of insulin from the isolated chains, 
a major product formed is a polymer consisting mainly of 
disulphide-linked B chain molecules*. Thus, active insulin can 
be obtained in good yield only if the polymerisation of the B 
chain is prevented. We assumed that S-sulphonate B chain, 
when bound to Sepharose-coupled anti-insulin antibodies, 
could no longer polymerise on reaction with reduced A chain if 
the distance between the B-chain molecules on the solid matrix 
was too large for inter-B chain disulphide bridges to form. 
Furthermore, antibody-bound S-sulphonate B chain was pre- 
sumably fixed in a conformation identical or nearly identical to 
that of the B chain in the insulin molecule. This would to a 
great extent assist the ‘parallel alignment’ of reduced A chain 
and the closing of the right disulphide bonds to give active 
insulin. 

Anti-insulin antibodies were prepared by injecting each of six 
guinea pigs with a suspension of 1.2 mg pig insulin in a mixture 
of 0.1 M Na,HPO, (0.7 ml, pH 7.21) and Freund’s complete 
adjuvant (0.3 ml). Sera were obtained by heart puncture 30 d 
after immunisation, and assayed using the immunodiffusion 
test? against pig insulin. The IgG fraction of strong sera was 
isolated using the procedure of Levy and Sober’. The con- 
centration of purified antibodies was 6.4 mg ml™'. To 22 ml 
of this solution 5 g freshly BrCN-activated Sepharose 4B was 


Fig. 1 Combination of insulin chains on Sepharose-coupled 

anti-insulin antibodies. AIA, anti-insulin antibody; A(SH),, 

tetrathiol A chain; (S-S)A(S-S),.B, combination product with 
one intrachain and two interchain disulphide bonds. 
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Fig.2 Gradient elution of natural insulin (©) and recombina- 
tion products (@) from anti-insulin antibody-Sepharose column 
(3.2 x 1.3cm). Solvents used were 0.01 M Tris-HCl (pH 8.3, 
40 ml) and 1 M acetic acid (pH 2.6, 40 ml)? (volume per tube 
approximately 1.5 ml). From each tube a 0.5-ml aliquot was 
removed for alkaline hydrolysis'® followed by the ninhydrin 
reaction. Extinctions were read at 570 nm. By comparison with 
standard curves the protein content of tubes 11-14 (a, 
B(S-SO,~)s) was found to be 0.159 mg or 44.2 nmol, that of 
tubes 17-19 (b, insulin) was 0.102 mg or 17.8 nmol. The total 
amount of B chain bound by the antibody-Sepharose column 
was 0.076 pmol compared with the maximum capacity of 
0.540 umol. The antibody-Sepharose column was used re- 
peatedly. All elution patterns were identical to that shown 
above. In later runs B(S-SO,~), and insulin could therefore be 
localised by measuring the pH value of each fraction of the eluate. 


added, and the antibodies were coupled to the solid support by 
the method of Axen et al.™. After careful washing, an aliquot 
of the antibody—Sepharose gel was subjected to acid hydrolysis 
(6 N HCI, 105-110 °C, 24 h) followed by amino acid analysis. 
This showed that 0.054 umol IgG was bound per g of Sepharose. 
Since there are two antigen-binding sites per antibody molecule 
the maximum capacity of the antibody-Sepharose for insulin 
or insulin B chain was 0,108 pmol g™. 

S-sulphonate chains were prepared from natural insulin and 
separated on Dowex 50 as described previously*. B chain- 
bi-S-sulphonate (B(S-SO,~).; 7.65 mg; 2.125 umol) was 
added to 5 g antibody-Sepharose in 0.01 M Tris-HCl, 
pH 8.3 (total volume 10 ml). The mixture was stirred for 3-4 h 
and then filtered. The gel containing 0.076 pmol antibody- 
bound B chain was washed thoroughly with the same buffer. 
From the combined filtrates, unbound B(S-SO,;~), was re- 
covered. Tetrathiol A chain was prepared from A(S-SO,~), by 
reduction with mercaptoethanol (100-fold molar excess per 
S-SO,~ group) in 5 M urea, pH 5. After 16 ha 15-fold amount 
of acetone containing 1.4% (v/v) 1 N HCl was added to 
precipitate the reduced A chain. The precipitate was centrifuged 


(S) 


« ` 
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Fig. 3 Electrophoresis of recombination products and natural 

insulin on cellulose-coated thin-layer plates (20x20cm) in 

1.2 M formic acid and 2 M urea, pH 2.2, at 600 V for 50 min. 

The plates were sprayed with Pauly reagent. a, A chain- 

bi-disulphide; b, unreacted B(S-SO,~).; c, resynthesised insulin; 
d, natural insulin. 
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off and dried in vacuo. Its sulphydryl content, determined using 
the Ellman reagent'*, was found to vary between 3.6 and 3.8 
mpl per mol reduced A chain. Reduced A chain (4.06 mg, 
1.735 umol) was dissolved in 0.01 M Tris-HCl, pH 8.3, the 
solution added to the B(S-SO,~).— antibody-Sepharose 
complex (volume of recombination mixture 12-13 ml) and 
stirred gently. After approximately 20 h no more sulphydryl 
groups were detected. The gel was filtered and washed carefully. 
Electrophoresis (Fig. 3a) showed that the only product present 
in the filtrate was A chain which had not reacted with the 
antibody-bound B chain but had been oxidised to give the 
bidisulphide derivative. 


a b 
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Fig. 4 Peptide maps of peptic digests of natural 
insulin (a, 0.12 mg) and recombined insulin (6, 0.03 
mg)". The digestion mixtures were applied on 
cellulose-coated thin-layer plates (20x20cm) and 
were resolved by electrophoresis at 600 V for 75 min. 
in 12% acetic acid (v/v), adjusted to pH 1.9 with 
formic acid; and by thin-layer chromatography in 
l-butanol-acetic acid—pyridine-water (30:6:20:24). 
The plates were sprayed with ninhydrin solution. The 
arrow in b marks the two weak spots that were not 
observed on the peptide map of pepsin-treated 
natural insulin. 


es 

The gel was then placed in a column (3.2 x 1.3 cm) and the 
products which were linked non-covalently to the antibody- 
Sepharose complex were eluted by a pH gradient (8.3-2.6), 
(Fig. 2). The first peak (absorption maximum at pH 3.6) 
contained unreacted B(S-SO,~), as shown by amino acid 
analysis and electrophoresis (Fig. 3b). The absorption maximum 
of the second peak was at pH 3.15 and was close to that of 
amorphous natural insulin (Fig. 2 ). The material of peak b 
was desalted on Biogel P-2 in 0.05 M NH,HCO, (yield, 
0.018 umol or 23.7% based on the amount of bound B chain) 
and then submitted to electrophoresis (Fig. 3c), peptic digestion 
followed by peptide mapping (Fig. 4), and amino acid analysis 
of an acid hydrolysate. Electrophoretic mobility (Fig. 3), peptide 
map (Fig. 4) and amino acid composition of product ¢ agreed 
well with those of natural insulin. 

Amino acid ratios were as follows (values reported for pig 
insulin’® are in parentheses): Asp 2.7 (3); Thr 1.9 (2); Ser 3.2 
(3); Glu 7.0 (7); Pro 1.0 (1); Gly 3.8 (4); Ala 2.8 (2); Cys 5.7 
(6); Val 3.6 (4); Ile 1.6 (2); Leu 6.0 (6); Tyr 3.7 (4); Phe 3.0 
(3); His 2.1 (2); Lys 1.0 (1); Arg 0.9 (1). In the fat cell assay1*-17 
the product of peak a was inactive whereas the product of 
peak b (Fig. 2) had an insulin activity of 67%. The effective 
yield of authentic recombined material was thus 15.9 % based 
on the amount of bound B chain. 

Antigenic properties, electrophoretic mobility, and amino 
acid composition of recombination product and natural 
insulin were in good agreement. The peptide map of the re- 
combined material showed two additional spots (Fig. 4b, 
arrow) but was otherwise indistinguishable from that of natural 
insulin, indicating that very few, if any, wrong disulphide 
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bridges had formed during the coupling of A and B chains on 
the antibody-Sepharose matrix. The additional spots on the 
peptide map and the fact that the recombination product was 
not fully active may have been caused by the presence of a 
small amount of antibody eluted from the affinity column as 
insulin—-antibody complex. 

The chain combination method described here offers several 
advantages. Reconstituted insulin which was almost identical 
to natural insulin was obtained in one step without further 
purification. Unreacted A and B chains were isolated separately 
and could be easily reintroduced into the combination reaction. 
Finally, the antibody-Sepharose column could be used re- 
peatedly. The possibility of using an anti-B chain-antibody— 
Sepharose matrix has not yet been studied. 
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gemeinschaft. We thank Farbwerke Hoechst AG, Frankfurt 
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discussions; and Drs B. Hansen and J. H. Nielsen (Steno 
Memorial Hospital, Gentofte, Denmark) for carrying out the 
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Increase of glucagon 
receptors in hyperthyroidism 


THYROID hormones influence the lipolytic response of rat 
adipocytes to adrenaline, glucagon, ACTH and TSH’. 
Krishna, Hynie and Brodie? provided evidence that 
hyperthyroidism is followed by an increase in the nor- 
adrenaline-sensitive adenylate cyclase without any change in 
phosphodiesterase activity. Subsequent investigations have 
shown that adenylate cyclase activity measured as fluoride 
stimulated activity is unchanged in hyperthyroidism‘ and 
confirmed that phosphodiesterase activity is normal‘. Since 
the amount of hormone-sensitive lipase does not appear to 
be increased in hyperthyroidism’ these studies indicate an 
action of thyroid hormones either on the hormone receptors 
for lipolytic hormones or on the transmission of the 
hormonal message from the receptors to adenylate cyclase. 
This prompted the present study in which we found that 
hyperthyroidism was associated with an increased binding 
of glucagon to fat cells as well as increased glucagon 
stimulated production of cyclic AMP and glycerol. 

Male Wistar rats (120-175 g) were rendered hyperthyroid 
by daily subcutaneous injections of 20 ug triiodothyronine 
(T3) (Glaxo) for 8d. Paired litter mates received in the 
same period injections of the vehicle for T3. Epididymal 
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Fig. 1 Binding of glucagon to fat cells from a T3-treated (O) 
and a control (@) rat. Fat cells (10 pl ml~') were incubated at 
37 °C in a Krebs-Ringer buffer with 25 mM HEPES (pH 7.4) 
and 1% of human serum albumin (Behringwerke) with '*°I- 
labelled glucagon or 0.18nM ?3**I-labelled glucagon plus 
unlabelled glucagon to give the indicated concentrations. After 
30 min of incubation 6 aliquots of the cell suspension were 
transferred to microtubes containing approximately 100 pl of 
silicone oil and the cells were separated from the medium by 
centrifugation through the oil in a Beckman Model 152 Micro- 
fuge at 2,500g for | min. After cutting through the oil layer the 
cells and aliquots of the medium were counted for '**I-activity. 
The ordinate is expressed as '**I-activity per cells divided by 
125]-activity per | medium. Bars represent s.d., n = 6. 


and perirenal fat pads were then removed and suspensions 
of isolated fat cells prepared’. 

Binding of glucagon to the isolated fat cells was measured 
at equilibrium by the displacement of **I-labelled glucagon 
(NOVO, Copenhagen, Denmark) by unlabelled glucagon. 
Cells were separated from medium by centrifugation 
through a silicone oil and counted for radioactivity in a 
gamma counter with a background of 3c.p.m, and an 
efficiency of 35% (ref. 7). The number of glucagon recep- 
tors were calculated from a computerised fit of the experi- 
mental data’, since the binding of glucagon to the receptor 
can be described as a reversible binding between the gluca- 
gon molecule and a single class of receptors“. 

Figure 1 shows binding curves for glucagon to fat cells 
from a hyperthyroid and a control rat. The binding of 
glucagon was measured in seven consecutive, paired experi- 
ments. The mean number of glucagon receptors on fat cells 
from control animals were 260+161 (s.d.) pmol per 1 cells, 
1.8 10'+1.5X10' per cell and 1.6+1.1 per um’ cell sur- 
face; the corresponding values for fat cells from T3 treated 
rats were 658+331 pmol/l cells (P<0.01 by a paired two- 
tailed Student’s ¢ test), 2.8 X 10'+1.6X 10* per cell (P<0.05) 
and 3.5+1.8 per um’ cell surface (P<0.01)., Calculated as 
percentage of control values, the hyperthyroid fat cells 
possessed 227+101% (s.d.) glucagon receptors per | cells 
(P<0.01), 2334116%, per cell (P<0.05) and 255+100% per 
um? cell surface (P<0.01). Variations in cell size could not 
account for the differences between the two groups since 
mean cell diameter was virtually the same in some experi- 
ments. The dissociation constant (Ku) for the binding of 
glucagon was nearly identical for the two groups investi- 
gated (mean value 2.0nM for controls and 2.2nM for T3 
treated). The degradation of glucagon measured as the “*I- 
activity in a trichloroacetic acid supernatant was not 
changed by treatment with T3. 

The glucagon stimulated production of cyclic AMP and 
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glycerol was measured in order to study if the increased 
binding was reflected in the physiological response to the 
hormone. Figure 2 shows the correlation between %he 
amount of glucagon receptor per | cells and the amount of 
cyclic AMP measured in the presence of 10°°M glucagon. 
There is a highly significant correlation between these two 
parameters (r=0.877, P<0.001). Figure 3 shows the correla- 
tion between the amount of glucagon receptors and the 
production of glycerol in the presence of 10°°M glucagon 
(r=0.838, P<0.001). 

These results suggest that the increased glucagon 
stimulated production of cyclic AMP and glycerol in hyper- 
thyroid fat cells is a consequence of an increased binding 
of hormone. The increased biological response to other 
lipolytic hormones might be explained by a similar increase 
in the number of receptors. To investigate whether T3 
could also exert an effect on the binding of non-lipolytic 
hormones, we studied the specific binding of insulin, 
measured at a concentration of 0.7 nM insulin, in the same 
experiments where binding of glucagon was determined. 
The amount of specifically bound insulin was correlated to 
the amount of glucagon receptors (r=0.816, P<0.001). This 
increase in binding of insulin concomitant with the increase 
in glucagon receptors occurred without changes in the 
unspecifically bound insulin, and without changes in the 
Ka for insulin in three experiments where this was 
determined. 

As intravenous injection of glucagon is followed by a 
supranormal rise in plasma cyclic AMP in patients with 
hyperthyroidism’’ and adrenaline causes supranormal 
urinary excretion of cyclic AMP in these patients", it seems 
reasonable to suppose that the observed effect is not con- 
fined to the glucagon and insulin receptors of fat cells from 
experimentally hyperthyroid’ rats. 

Rosenqvist demonstrated that the catecholamine recep- 
tors of fat cells from hypothyroid patients changes from 
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Fig. 2 Relationship between the calculated number of glucagon 
receptors and the glucagon stimulated cyclic AMP production. 
Fat cells from T3-treated ( x) or control (O) rats were incubated 
at 37°C in a Krebs-Ringer buffer with 25mM of HEPES 
(pH 7.4), 1% human serum albumin, and 2.5 mM of theo- 
phylline in the presence of 10~* M glucagon. After 330 s the incu- 
bation was stopped by addition of an equal volume of boiling 
EDTA (20 mM) and the mixture was boiled for another period 
of 330 s. Cyclic AMP was determined by a competitive protein 
binding assay”. The number of glucagon receptors was calcu- 
lated from binding curves as shown in Fig. 1. The correlation 
coefficient between the two parameters is 0.877, P< 0.001. 
° 
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Fig. 3 Relationship between the calculated number of glucagon 
receptors and the glucagon stimulated production of glycerol. 
Fat cells from T3-treated ( x ) or control (©) rats were incubated 
for 60min. at 37°C in a Krebs-Ringer buffer containing 
25mM HEPES (pH 7.4), 2% of human serum albumin and 
10-* M glucagon. The incubation was stopped by addition of 
double volumes of 87mM ZnSO, and 83mM_ Ba(OH),. 
Glycerol was determined by a double enzymatic fluorometric 
assay**, The number of glucagon receptors was calculated from 
binding curves as shown in Fig. 1. The correlation coefficient 
between the two parameters is 0.838, P< 0.001. 


predominantly B adrenergic to a adrenergic characteristics, 
and similar findings have been reported in the hearts of 
hypothyroid rats™. These results and the present study 
suggest that thyroid hormones are important regulators ‘of 
the properties of hormone receptors located to the plasma 
membrane. Other examples of hormonal regulation of 
hormone receptors has been discussed by Tata". 
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Simultaneous detection of two cell populations 
by two-colour fluorescence and application 
to the recognition of B-cell determinants 


CELL separation techniques, the possibility of recognising 
different markers by immunofluorescence and functional 
tests, have subdivided cells once thought to be a homo- 
geneous group into different subclasses. This development 
has been most prominent for the so-called mononuclear 
cells. A difficulty inherent in the classification of such sub- 
classes (of, for example, mononuclear cells) is that it is often 
almost impossible to determine precisely what percentage 
of the cells belongs to a certain subclass, and whether the 
sum of the subclasses is equal to, lower than or even higher 
than 100% of the total of the cells analysed. A typical recent 
example was the identification of the “null” or K cell’. 
Such analysis is greatly facilitated if we analyse a cell sus- 
pension stained with two or more different fluorescent dyes 
visible at the same time. This is feasible. 

With the use of a monochromatic 50-W light source 
(HBO 50 W/a.c.) an LP455 and SP490 excitation filter com- 
bination, an FT510 dichroic mirror and LP520 barrier filter, 
the green fluorescence of isothiocyanate and the red fluore- 
scence of rhodamine or ethidium bromide become visible 
simultaneously. 

We have exploited these techniques to develop a rapid, 
simple and sensitive method of recognising polymorphism 
of B-cell determinants. Interest in these B-cell determinants 
(which are called la éeterminants in the mouse) is growing 
rapidly. They may be directly involved in T-B cell inter- 
action in the immure response**, code for disease pre- 
disposition? and the MLC-stimulating determinants? and 
determine allograft survival’, Most information on the 
genetics and possible biological importance of these B-cell 
determinants has been collected in the mouse‘, but infor- 
mation in man® and the rhesus monkey’ is rapidly growing. 
Although B-cell determinants were identified virtually at 
the same time in the mouse and in man™®™™, the study of 
these antigens in man was hindered by the lack of sera and, 
especially, appropriate techniques to detect them. For rou- 
tine work in man only peripheral blood lymphocytes can be 
used and here the proportion of B cells can be as low as 
5-10%. Although the original enriching process by T-cell 
rosetting with SRBC and Ficoll-Isopaque gradient centri- 
fugation™ has been improved by the addition of papain or 
dextran (ref. 15 and W. Bodmer, personal communication), 
it remains (especially if the starting material contains a low 
percentage of B cells) a cumbersome, time-consuming and 
not fully predictable procedure. For this reason, a modifica- 





Table 1 A comparison of the long B-cell complement-dependent 
cytotoxicity tes: and the two-colour B-cell test 





Long B-cell cytotoxicity 


Positive Negative Total 

Positive 58 10 68 

Two-colour 
B cell 

Negative 9 103 112 

67 113 180 

xı” (Yates) = 104.8 
P= < 0.000001 





These data illustrate the excellent agreement between the two 
techniques and provide also information on the reproducibility of 
B-cell typing. The discrepancies were mainly caused by 2 of the 15 
sera tested and were partly due to anti non-B cell cytotoxicity 
which cannot be recognised in the long B-cell complement-dependent 
cytotoxicity test. 


796 











Fig. 1 Picture been taken of the green fluorescence of the 
immunoglobulins separately (a), from the red fluorescence of 
the nucleus (b). Note that also some non-B cells (presumably T 
cells) have been killed. The green and red fluorescence are 
depicted separately so that they can be seen in black and white 
only. When the test is read they are visible at the same time. 
c, The cells visible in phase contrast; many more cells were 
present than are visible in fluorescence. 
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tion lacking many of the drawbacks of the previously pub- 
lished method using two-colour fluorescence is described 
here. 

In short, mononuclear cells were isolated from peripReral 
blood, the B cells were stained by fluorescein-conjugated 
anti-immunoglobulin and these so identified B cells (to- 
gether with the unlabelled T and K cells) were incubated 
with anti-B-cell antibody and complement. Killed cells were 
stained by the addition of ethidium bromide. The exact 
procedure was as follows: 4ml of heparinised blood was 
diluted twice in phosphate-buffered physiological saline 
(PBS) and 4ml of this suspension was carefully layered on 
Béyum type Ficoll-Isopaque gradient’*. The tubes were 
spun for 15min at 1,000g and the mononuclear cells were 
collected from the interphase, washed 3 times in phos- 
phate-buffered saline containing 1%, bovin serum albumin 
(PBS-BSA 1%). Cells (4X 10°-6x 10°) suspended in 0.5 ml 
PBS+BSA 1% were incubated with 2 drops (0.05 ml) of 
goat anti-human immunoglobulin diluted 1:3 (Behring- 
werke AG, Marburg/Lahn, Germany) for 5 min at 37 °C. 
After three washings with PBS-BSA 1% the cells were 
adjusted to 8,000mm’, A sample (0.51) of platelet- 
absorbed anti-B-cell serum was incubated in a Möller- 
Coates A/S tray (Moss, Norway) under paraffin oil with 
0.51 of mononuclear cell suspension (4,000 cells) for 
60 min at 20°C. After that 2.51 fresh rabbit serum was 
added to provide an excess of complement factors and 
incubated for 2h at room temperature. Finally, 0.5 #1 of 
a 1:70 dilution of a stock solution (100 zg mI”) of ethidium 
bromide (Sigma) dissolved in EDTA 5% in saline was 
added. After putting a coverglass on the tray the reading 
was done on an inverted Leitz or Zeiss microscope with an 
epi-illuminator. Figure 1a shows a picture of the green 
fluorescence of the immunoglobulins, Fig. 1b the red fluo- 
rescence of the killed cells and Fig. 1c the corresponding 
phase-contrast picture. Note that also some non-B cells 
(presumably T cells) were killed. 

The two-colour B-cell cytotoxicity technique was com- 
pared with the results obtained with the long B-cell cyto- 
toxicity technique previously described. Excellent agree- 
ment was found between the two techniques (Table 1). 

The red fluorescence of ethidium bromide can be strongly 
enhanced by switching the filterset in te two-wavelength 
vertical illuminator to green excitation (Table 2), which can 
be done with the new Leitz and Zeiss type of two-wave- 
length illuminators after Ploem quite easily’’. It is thus pos- 
sible to use about 4-8 times lower concentration of ethidium 
bromide than described above for blue excitation only. By 
using these lower ethidium bromide concentrations and the 
two-wavelength excitation method with subsequent excita- 
tion with blue followed by green light, it is also possible to 
make black and white micrographs for documentation. 
With green excitation of the same cell the red fluorescence 
of the (dead) nucleus is recorded. This two-wavelength pro- 
cedure is also promising for future automation of this 
method since it provides sequential images which can be 
counted more easily. 

As Fig. 1 shows, an advantage of the two-colour method 
is that it not only indicates whether a part of the mono- 
nuclear cells from peripheral blood is killed, but also 
whether there are B cells or also non-B cells killed. As a 
matter of fact, in our first trials with the new technique, 
two sera were identified which were thought to contain 
only anti-B-cell antibodies but could be shown to contain 
what looked like antibodies recognising a T-cell poly- 
morphism as well. The method seems to be reliable and re- 
producible. Using the two-colour fluorescence method it was 
thus possible to facilitate greatly the recognition of the 
polymorphism of B-cell determinants. The advantage of 
this new method compared with the long B-cell comple- 
ment-dependent lymphocyte toxicity technique is that it 
takes about 6h (inclusive of reading) against 12h for the 
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Table 2 Filter combinations for fluorescence microscopy of mononuclear cells stained with FITC conjugate and ethidium bromide 
Excitation Excitation Barrier Colour and strength of 
© Combination wavelength filters filter fluorescence 
(nm) 

1 Blue LP*455-SP* 490 LP520 FITC green: E+ 
Ethidium bromide (higher 
concentration) red: +++ 

2 Blue LP455-SP490 LP520-SP560 FITC green: +++ 
Ethidium bromide (lower 
concentration) greenish: $ 

3 Green LP515-SP560 LP590 FITC: + 
Ethidium bromide (lower 
concentration) red: ++++ 





LP*: long-wave pass filter; SP* : short-wave pass interference filter (SP = German KP). 


old method; and that one can be certain that if a fraction 
of the cells are killed, these cells are indeed B cells. 

The point of more general importance is, however, that 
this approach makes possible the direct identification of 
two (or three) cell subclasses in one preparation. It is 
expected that this will improve the accuracy of the deter- 
mination of the fraction of the different subclasses in cells 
only recently thought to be homogeneous. 

This work was in part supported by the NIH, the Dutch 
Organization for Health Research (TNO), the Dutch Foun- 
dation for Medical Research (FUNGO) which is subsidised 
by the Dutch Organization for the Advancement of Pure 
Research (ZWO), and the J. A. Cohen Institute for Radio- 
pathology and Radiation Protection (IRS). 

Note added in proof: After completion of this letter it 
was pointed out to us that two-colour fluorescence has been 
described previously’. We compared our approach with 
that previously described and found that only our filter 
combination and protocol makes it possible to detect the 
B-cell antigens satisfactorily, because resolution was signi- 
ficantly better. 
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Helper T cells recognise 
antigen and macrophage 
surface components simultaneously 


ALTHOUGH the T-cell antigen receptor has been shown to be 
as highly specific for antigen as the immunoglobulin receptor 
of B cells, considerable evidence suggests that genes other 
than those which code for immunoglobulins are involved in 
the recognition of antigen by T cells. Research in this area has 
centred on the role of gene products of the major histocom- 
patibility complex (MHC), in particular of the I region of the 
H-2 complex of mice, in the antigen-specific receptor of 
T cells'~*, Other evidence has suggested that the specificity 
of T cells is determined by the simultaneous recognition of 
antigen and MHC cell-surface components. The best evidence 
for this comes from experiments with mice in which T-cell 
cytotoxic effectors specifically raised to the H-Y (ref. 4) or 
other minor histocompatibility antigens®, viral antigens® or 
the hapten trinitrophenol (TNP)’ were shown to recognise 
simultaneously both the antigen and the products of the D or 
K locus of H-2 expressed on the target cells. Investigations of 
the role of MHC gene products in the antigen-mediated 
interaction of T cells with B cells or macrophages (M®) can 
be interpreted similarly’*~™. We present here evidence that 
in the mouse, helper T cells primed with the antigen, keyhole 
limpet haemocyanin (KLH), bound to the surface of MỌ, 
simultaneously recognise KLH and genetically controlled surface 
components of the M®. The rationale for our approch was 
as follows. In F, animals whose parents differ at loci controlling 
surface components (for example, H-2, Mis), if T cells could 
be primed with antigen bound to MỌ from one or the other 
parent, they should then cooperate preferentially with parental 
B cells and M® of the type used for priming. 

To test these predictions we took advantage of the nonspecific 
association between protein antigens and the MỌ surface??. 
As described in the legend to Fig. 1, BDF, (C57B/6 x DBA/2), 
CS7BL/6, and DBA/2 mice were injected intraperitoneally 
with KLH. Peritoneal cells (PC), rich in M® were collected 
and used to prime three groups of BDF, mice. T cells 
isolated from these mice were tested for their ability to cooperate 
with BDF, or C57BL/6 B cells and M® in the response to 
TNP-KLH. All three groups of F, T cells were able to coope- 
rate effectively with BDF, B-cells and M® (Fig. la). But as 
predicted, when tested with C57BL/6 cells and M® (Fig. 1b), 
F, T cells primed with KLH bound to C57BL/6 PC were the 
most efficient helpers. those primed with DBA/2 PC were the 
least effective and those with BDF, PC were intermediate. 

Several control experiments have been carried out to eliminate 
alternative explanations for the results in Fig. 1. For example, 
it was possible that parental T cells contaminating the PC 
preparations were stimulated in the F, recipients and responsible 
for the subsequent properties of the primed helper cells. This 
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Fig. 1 Restriction of F, 
helper T cells in their 
gool 2 b ability to cooperate with, 
parental B cells and MỌ. 
Groups of three BDF,, 
CS57BL/6 and DBA/2 
700 mice (Jackson Labora- 
tory) were injected intra- 
peritoneally with 100 pg 
of KLH (Calbiochem) in 
600 0.3 ml of balanced salt 
solution (BSS). After 4h 
PC were collected by rins- 
ing the peritoneal cavity 
with 4 ml of BSS contain- 
ing 5% foetal bovine 
serum (FBS). The average 
yield was 3x 10°-4 x 10° 
PC per mouse. Pooled 
suspensions of each type 
of PC were washed twice 
with 5% FCS in BSS then 
resuspended to 510° 
cells per ml in BSS. 
Groups of three BDF, 
mice were injected with 
each type of PC (1.5x 
f 10° intraperitoneally and 
J 1.5 10° intravenously). 
After 7 d a pooled spleen 
cell suspension was pre- 
pared from each grou! 
and depleted of B cells 


300 


Anti-TNP PFC per culture (day 4) 





and M® on nylon wool 
0.5 1.0 1.5 2.0 0.5 1.0 1.5 2.0 columns'*. The resulting 
KLH-PC primed BDF, T cells per culture (x 107°) T-cell preparations were 


titrated for KLH-specific 

helper activity as below. 

A, BDF,, @, C57BL/6 

and W, DBA/2 PC- 

primed BDF, T-cells. 

For B cells, BDF, and C57BL/6 mice were primed with 1.0 ug of TNP-LPS". After 7 d spleen cell suspensions were prepared and treated 
with anti-T-cell serum and complement as described before'* to deplete T cells but leave macrophages and hapten-primed B cells unaffected. 
Various combinations of the T-cell and B-cell preparations were tested in the the in vitro response to TNP-KLH. Cultures (0.5 ml) contained 
4x 10° B cells and macrophages, various numbers of BDF, T cells and TNP-KLH (0.05 ug ml~'). After 4 d three identical cultures were 
pooled and assayed for anti-TNP plaque-forming cells (PFC). Both the culture methods and PFC assay have been described previously'**. 
The responses (PFC per culture) are shown compared with the number of T cells added to the cultures. a, BDF, B cells and M®; b, CS7BL/6 
B cells andM®. For each titration the response of the B cells and MỌ cultured alone ( x ) is also shown. These figures represent the average 

responses obtained in six experiments with similar results. 


. 

possibility was eliminated by demonstrating that results identical 
to those in Fig. 1 were obtained even after pretreatment of the 
KLH-pulsed PC with anti-T-cell serum and complement before 
priming of F, animals (data not shown). In a second control 
experiment (Fig. 2) we tested whether, rather than a selective 
priming of helper T cells in the F,, our results indicated a 
selective priming of specific suppressor cells. BDF, T cells 
which had been primed with KLH bound to either C57BL/6 
or DBA/2 PC were prepared. The helper activities of these 
T cells and a 1:1 mixture of the two were assayed on C57BL/6 
B cells and M®. As above, T cells primed with C57BL/6 PC 
were more efficient than those primed with DBA/2 PC. If the 
helpers primed with DBA/2 PC were ineffective because of the 
presence of suppressive activity specific for C57BL/6 cells, 
then the observed activity of the 1:1 mixture should be less than 
the calculated average of the responses obtained with the two 
helper preparations alone. In fact there was no difference 
between the calculated and observed responses, eliminating a 
role for a suppressive mechanism in this phenomenon. 

We have begun experiments formally to identify the genes 
expressed in the parental cells that are responsible for imposing 
this restriction of F, helper T cells. For example, BDF, mice 


Anti-TNP PFC per culture (day 4) 


Fig. 2 Suppression is not the mechanism of restriction of F, 
T cells. BDF, T cells primed with KLH bound to either 
C57BL/6 (@) or DBA/2 (W) PC were prepared as in Fig. 1. 
Both T-cell preparations and a 1:1 mixture of the two (A) were 





0.3 1.0 ; 1.5 2.0 titrated on C57BL/6 B cells and'M®. The calculated average of 
_ KLH-PC primed the responses seen with each T-cell preparation alone is also 
BDF, T cells per culture ( x 107°) shown (----).The response of B cells and M® cultured alone 


is shown ( x). 
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Fig. 3 Involvement of 
H-2-linked genes in 
restriction of F, T cells. 
BDF, T cells primed with 
KLH bound to either 
CS57BL/10(@) or B10.D2 
(©) PC were prepared as 
in Fig. 1. These T cells 
were titrated on either 
BDF, (a) or CS7BL/10 
(b) B cells and MO as in 
Fig. 1. In each figure the 
response of B cells and 
M® cultured alone is 
shown (x). The figures 
represent the average 
responses seen in three 

similar experiments. 200 


Anti-TNP PFC per culture (day 4) 


were primed with KLH bound to C57BL/10 (H-2°) PC or to 
B10.D2 (H-2*) PC. The resulting primed helper T cells were 
titrated for their ability to cooperate with either BDF, or 
CS7BL/10 B cells and M®. The results (Fig. 3) indicate that 
although both F, T-cell preparations were equally effective 
when tested on BDF, B cells and MỌ, those primed with 
CS7BL/10 PC were more effective with C57BL/10 B cells and 
Mð than those primed with B10,D2 PC. Since these two strains 
are genetically identical except at the MHC, these results suggest 
a role for H-2-linked genes in the phenomenon. It is interesting 
that the differences in helper activity seen in Figs 1 and 2, 
where the priming PC differed at multiple genetic loci were 
greater than seen in Fig. 3 where the differences were confined 
to H-2-linked genes. These results may indicate that genes 
outside the MHC also contribute to the phenomenon. 

Several previous studies of the role of histocompatibility 
gene products on antigen-mediated interactions between T cells 
and B cells or macrophages have suggested that such interac- 
tions require MHC identity between the cooperating cells! 8-12, 
Other studies™® -111915 and the results presented here enable 
us to make an alternative interpretation of these findings. 
They suggest that T cells acquire the restricted ability to co- 
operate with B cells or macrophages of a particular MHC 
type, not as a result of some inherent genetic mechanism con- 
trolling interactions, but perhaps simply through the selection 
of relevant clones during the initial contact of T-cell precursors 
with an antigen in association with the surface components of 
the M®. 
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Distribution of B, microglobulin and 
HLA in chorionic villi of human placentae 


ANALOGIES are often made between transplantation and 
placental immunology. The role of histocompatibility anti- 
gens is of undisputed importance in transplantation im- 
munology but it is not clear whether such antigens are 
important in pregnancy. Indeed, it is not known whether 
trophoblasts manifest histocompatibility antigens. If HLA 
antigens are relevant in pregnancy, it is of central impor- 
tance to know if trophoblasts have these antigens. This is a 
difficult problem because human anti-HLA sera often 
contain other antibodies, and heterologous anti-HLA sera 
often lack precise HLA specificity’. But HLA has been 
shown to be invariably associated with )-microglobulin’, 
and here we present data in support of the concept that 
human trophoblasts contain neither 8; microglobulin nor 
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HLA. Also, treatment with several enzymes has failed to 
reveal these antigens. In addition, we have not been able to 
identify either B: microglobulin or HLA on trophoblasts 
from 6-week or 13-week placentae or on placental tissues 
maintained in vitro for 5d. 

Thirty-two full term, one 6-week, and one 13-week 
placentae were studied. All pregnancies were normal and 
uncomplicated, all neonates were healthy, and all placentae 
were grossly and microscopically normal. Small pieces of 
tissue obtained from the central cotyledon within 15 min of 
delivery were either snap frozen or washed for 16h at 4 °C 
with gentle rotation in minimum essential medium supple- 
mented with glutamine, bicarbonate, 10°, foetal calf serum 
(FCS) and antibiotics’, and then snap frozen. Jn vitro 
cultures were prepared from tissues aseptically dissected 





Fig. 2 Immunohistology of full term human placentae with 
antisera to Ba microglobulin, achieved using the antibody- 
peroxidase technique by indirect staining for electron micro- 
scopyt. An AEI-EM-6B electron microscope was used. IVS, 
Intervillous space; RBC, red blood cell within vessel (V) in 
villous stroma; E, vascular endothelium; TBM, trophoblastic 
basement membrane; N, nuclei of trophoblasts; ST, syncitio- 
trophoblast. As it is not always possible accurately to differen- 
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Fig. 1 Immunohistology of full term human placentae with. 
antisera to: a, Ba microglobulin, and b, HLA-2. Note negative 
trophoblasts (T) and positive staining of cells in mesenchymal 
stroma as well as vessel (V) endothelium. Thin (4-um) sectionse 
were cut on a cryostat, air dried, and studied by indirect immuno- 
fluorescence?! using an IgG fraction of rabbit antiserum to 
human ß, microglobulin (Dakopatts A/S, Denmark) and rabbit 
anti-HLA sera from Dr A. Sanderson. Anti-HLA sera were 
prepared to HLA-1, HLA-2, HLA-7 and HLA-12 that were 
isolated by gel filtration, DEAE-cellulose chromatography and 
polyacrylamide gel electrophoresis. After absorption of these 
antisera with human erythrocytes, they were specific at low 
titre when tested for cytotoxicity with rabbit complement against 
human peripheral lymphocytes. Fluorescein isothiocyanate 
(FITC)-labelled sheep anti-rabbit Ig serum was obtained from 
Wellcome Reagents, Beckenham, Kent. Optimum dilutions of 
antisera (1:75) and conjugate (1:60) were determined by serial 
titrations** that gave minimum nonspecific staining and maxi- 
mum specificity. Further details are given in the legend of Fig. 
3. (Photographed at original magnification of = 400.) 


from a 36-week placenta obtained by Caesarian section. 
Small pieces of tissue were placed on stainless steel grids 
supported in organ culture dishes (Bio-Cult Laboratories) 
containing 0.5 ml of medium RPMI supplemented with L- 
glutamine and 15% FCS (Bio-Cult) and incubated in 5% 
CO; in air. The medium was replaced daily, and the FCS 
concentration was reduced to 5% after the first day. 
Cultures were snap frozen after 1, 2 and 5d in culture. 
Tissues that were snap frozen either immediately or 
after washing overnight in growth medium consistently 
gave a characteristic pattern of staining for Py micro- 
globulin by immunofluorescence. Trophoblasts and tropho- 
blastic basement membranes (TBM) were unstained, and 
all other cells of the chorionic villus were positive (Fig. 1a). 
Using the antibody—peroxidase technique for light and 
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tiate between cytotrophoblasts and syncitiotrophoblasts by 
immunofluorescence, we restricted morphological definitions 
of trophoblasts to ultrastructural criteria*®. Note negative 
trophoblasts and TBM, and positive cells and endothelium in 
villous stroma. Placentae were fixed for 30 min at 4°C in 1% 
paraformaldehyde in 0.1M PO», pH 7.4, containing 13s 
sucrose, and washed overnight in 13% sucrose and 0.1 M PO,. 
(Original magnification x 3,000.) 
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Table 1 Effect of enzyme treatment on B.-microglobulin staining 
Time of Immunofluorescence 
Treatment Dose * incubation Temp. (°C) Trophoblasts Endothelium Stroma cells 
Neuraminidase 3.6 lh 20 — H-4 ++ 
(Clostridium 9.0 2h 20 — t + 
perfringens) 9.0 3h 20 — i + 
Neuraminidase 500 3h 20 — | ++ 
(Vibrio cholerae) 
Collagenase 920 Ih 20 — +4 ++ 
(Sigma) 
Hyaluronidase 920 lh 20 — H4 + 
(Sigma) 2,300 lh 20 — — +4 
4,600 lh 37 — a bs 
Hyaluronidase 1,500 Ih 20 — — + + 
(Fisons) 
Trypsin 67 30 min 20 _ ++ + + 
(Sigma) 67 th 20 — + { 
PBS — 2h 20 — + t 
— 18 h 20 —_ m + 


Collagenase was dissolved in 0.5 M Tris buffer, pH 7.5, containing 0.05 M Ca**, hyaluronidase in phosphate-buffered saline (PBS), pH 7.2 
and trypsin in PBS, pH 7.4, Neuraminidase from C/. perfringens was dissolved in PBS, and neuraminidase from V. cholerae (Koch-Light) was 


in 0.05 M acetate buffer, pH 5.5 containing 1 % NaCl and 1% CaCl. 


*Enzyme units ml~'. 


electron microscopy;, it was possible positively to identify 
cells staining within villi, and confirm the absence of 
staining of trophoblasts, TBM and stromal connective 
tissues (Fig. 2). Tissues from 6-week and 13-week placentae 
as well as sections from a 36-week placenta that had been 
cultured in vitro for 5d gave no trophoblast or TBM 
staining for 2. microglobulin, but all cells on the foetal side 
of TBM in these tissues were positive (Fig. 3a and c). 
Treatment of cryostat sections of the above tissues with 
neuraminidase, hyaluronidase, collagenase or trypsin also 
failed to reveal B: microglobulin on trophoblasts or TBM 
by immunofluoroescence (Table 1), although exposure to 
large amounts of hyaluronidase and prolonged washing in 
phosphate-buffered saline diminished staining reactions of 
stromal and endothelial cells in some experiments (Table 1). 
Several rabbit anti-HLA sera gave a pattern of staining 
by immunofluorescence identical to that obtained using 
anti-B.-microglobulin serum. No positive staining of either 
trophoblasts or TBM was obtained with any of the anti- 
HLA sera, but cells in the villous stroma of all placentae 
being studiéd were stained with all these antisera (Figs 1b 
and 3b). The presence of HLA on endothelial cells of 
placental vessels is consistent with the report’ of HLA on 
endothelial cells of the umbilical cord. Furthermore, our 
failure to identify HLA on trophoblasts is compatible with 
the observation’ that human trophoblasts in cryostat 
sections do not bind concanavalin A. It is interesting that 
HLA is a glycoprotein that can be partially characterised 
by its ability to bind to concanavalin A-linked columns’. 
Whether or not trophoblasts manifest histocompatibility 
antigens is controversial. For example, Currie ef al.” have 
shown that neuraminidase-treated A»G ectoplacental cone 
cells injected into CBA mice cause the recipients sub- 
sequently to reject donor homografts in an accelerated 
fashion. Simmons er al.", however, using a similar experi- 
mental model were unable to confirm this, and our results 
also do not support the concept of masked histocompatibility 
antigens being present on human trophoblasts (Table 1). 
Loke er al., using mixed cell agglutination reported that 
HLA antigens were present on trophoblasts, and Lawler 
et al.” favour an interpretation of HLA antigens on 
trophoblasts to explain their results of raised anti-HLA 
activity of paternal specificity in the sera of women with 
persistent trophoblastic disease after a first pregnancy with 
a hydatidiform mole. Perhaps mole tissues do contain HLA, 
but our experience with a large number of normal 
placentae suggests that HLA is absent from trophoblasts. 
The absence of HLA from trophoblasts is consistent with 
the results of Seigler and Metzgar” who used agglutination 


and antibody absorption techniques. Faulk er al.” have also 
reported that eluates prepared from exhaustively washed 
human placentae contain IgG that inhibits mixed leukocyte 
culture reactions without demonstrating HLA specificity, 
again suggesting an absence of HLA antigens from tropho- 
blasts. 





Fig. 3 Immunohistology of: a, 6-week placenta; b, 13-week 
placenta; c, 5-d culture of term placenta studied with antisera 
to: a, Ba microglobulin; b, HLA-7; c, #,microglobulin. 
Specificity and nonspecific-staining controls were done using 
immunoelectrophoresis, membrane immunofluorescence® with 
human leukocytes and red blood cells, and tissue immuno- 
fluorescence** using human spleen and rat kidney, liver, muscle 
and stomach as substrates. The anti-B,-microglobulin serum 
gave one line in immunoelectrophoresis against concentrated 
urine from an oligouric patient with renal amyloid and was 
negative against five control urines of equivalent concentration. 
The anti-B, microglobulin and the anti-HLA sera gave bright 
membrane fluorescence at 1:30 dilution with human leukocytes 
but failed to stain human red cells. These antisera also stained 
leukocytes in human spleen but did not stain any of the rat 
tissues. Normal rabbit, sheep, and human sera were used as 
controls in all experiments. Sera were absorbed for 30 min 
at 18 °C before use by gentle rotation with an equal volume of 
washed, packed, sheep erythrocytes, and staining reactions 
were done according to standard methods*****. Tissues pre- 
pared for immunofluorescence were examined by transmitted 
light using a Reichert Zetopan microscope fitted with a quartz— 
iodide light source, a Tiyoda wide-field dark-ground condenser 
incorporating a toric lens, and a FITC-3 Balzer interference 
primary filter and a Wratten 12 barrier filter. Photographs of 
transmitted fluorescence were made using Agfa-Gevaert CT18 
(ASA 50) 35-mm film. Tissues were also examined by incident 
light using a Zeiss Photomicroscope 11 fitted with a Ploem 
epi-illuminator and an HBO 200 high-pressure mercury-vapour 
burner light source. Photographs of incident light were made 
using Gaf 500 (ASA 500) high speed 35-mm film. TVS signifies 
intervillous space, and correspondingly black areas on other 
photographs are also IVS. (Photographed at original magni- 
fication of x 400.) 
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Heyner“, using direct immunofluorescence has reported 
H-2 antigens on cells of 6.5-d embryo cells but not on 
trophoblasts, and Searle et al.*, using cytotoxicity reactions 
and a tailskin homograft model, found no evidence for 
histocompatibility antigens on trophoblasts, but did find 
H-2 antigens on cells of the embryonic sac. Billington and 
Gardner et al." have also questioned the presence of histo- 
compatibility antigens on mouse trophoblasts, and Searle 
et al.*, using the antibody—peroxidase technique for 
electron microscopy, have shown H-2 antigens on blasto- 
cysts which are lost from the trophectoderm at the time of 
implantation. 

Experimental models that necessitate the physical separa- 
tion of trophoblasts from other placental cells may con- 
taminate trophoblast preparations with cells of the villous 
stroma that bear histocompatibility antigens. Similar tech- 
nical considerations could account for the diversity of 
opinion regarding the presence of HLA or H-2 on tropho- 
blasts. The geometrical relationship of trophoblasts to TBM 


and stroma is retained on cryostat sections studied by im- ` 


munofluorescence, and using this approach we have been 
able to show a type of antigenic segregation in the distribu- 
tion of Brmicroglobulin and HLA within chorionic villi. It 
is also important to know, however, whether or not histo- 
compatibility antigens are present on the cell membranes of 
trophoblasts. This could technically be done by membrane 
fluorescence’, using trophoblasts from in vitro cultures, 
but the possibility of contaminating trophoblast preparations 
with other. villous cells still exists. What is needed is a mem- 
brane marker for human trophoblasts, and preliminary 
studies suggest that this might be transferrin”. 

These observations of the absence of histocompatibility 
antigens on trophoblasts ‘suggest that analogies between 
transplantation and placental immunology are not entirely 
correct. Thére is no apparent mechanism to explain why 
trophoblasts lack B+microglobulin and HLA when these 
antigens are present on cells within mesenchymal stroma 
of the same organ. Genetic studies have shown, however, 
that the absence of #:microglobulin and HLA is not 
unique to trophoblasts. The B-cell-derived human Daudi 
lymphoblastoid line lacks both these proteins, but retains 
the capacity to express products of immune response- 
associated genes”. Goodfellow et al." have shown that the 
gene responsible for B, microglobulin is not in the HLA 
region but is on chromosome 15, and Heyningen et al.” have 
reported that the genes responsible for mannose—phosphate 
isomerase and pyruvate kinase are also located on chromo- 
some 15. We are studying the ability of human tropho- 
blasts to manifest these enzymes. If the absence of $: 
microglobulin and HLA is associated with the: specific 
capacity of human trophoblasts to avoid maternal recogni- 
tion, then an understanding of the mechanism will perhaps 
be useful as an approach to biomedical and pharmacological 
studies of the more general problem of escape from im- 
munological surveillance. 
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Human milk samples from 

different ethnic groups contain 

RNase that inhibits, and plasma membrane 
that stimulates, reverse transcription 


WE have compared human milk samples from American, 
Hindu and Parsi donors with a view to determining the relative 
amounts of reverse. transcriptase inhibitors!" present in them. 
Our intention was to find out whether samples from any specific 
ethnic group are advantageous for the study of type B virus- 
like particles in milk*-*-® and for purification of virus-associated 
enzymes. We also hoped that when sufficient data become 
available, such studies would be interesting from an epidemio- 
logical point of view, to test whether the inhibitors provide 
protection from mammary cancer. We have confirmed the 
presence of RNase in milk samples, and have observed varia- 
tions in the level of RNase in samples from different ethnic 
groups. Careful examination has also revealed the presence of a 
protein factor, associated with plasma membranes in milk 
samples, that stimulates RNA-directed DNA synthesis (RDDS) 
in yitro in oncornaviruses. 

To determine the effect of RNase-like inhibitors in different 
milk plasmas, each was examined for RNase content as judged 
by its ability to degrade “C-labelled yeast RNA (Table 1). 
The percentages shown against each group are averages of 
15 independent experiments. Each sample tested for RNase 
activity was also tested for possible inhibitory activity in RDDS 
(see legend to Table 1). The mean values obtained are listed in 
Table 1 against the different ethnic groups. Although the mean 
values differ, the standard deviations are large and so it is 
difficult to place too much emphasis on the differences at this 


‘stage. With a view to minimising deviations arising from 


various factors involved in the enzyme assays, a more direct 
quantification was.attempted. 

Figure 1a, b and c shows the results on the basis of quanti- 
tative correlation for individual samples. In each graph all 
experimental points derive from a single set of experiments. 
The RNase-resistant counts for the individual samples are 
plotted on the abcissa, and the corresponding *H-TTP counts 
incorporated in the reverse transcriptase reaction using AMV 
pelleted through the milk samples are plotted directly on the 
ordinate. In a single set. of experiments the same reaction 
mixture, with identical specific activity of 7H-TTP, was used 
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3H-DNA (c.p.m. x 1073) 





2°04 6 8 
14C_RNA (c.p.m. x 1073) 


Fig. 1 Direct correlation of RNase content in milk samples and 
*H-TTP incorporation ın reverse transcriptase reaction using 
AMV pelleted through the milk samples. Data from a single set 
of experiments from the different ethnic groups are presented. 
Milk plasma (2 ml) from each sample was halved. One half was 
used for incubation with “C-labelled yeast RNA, and the other 
for mixing with AMV (see legend to Table 1 and text). The 
AMV recovered after pelleting was halved, one half was used 
for primary reaction using endogenous template, and the other 
for the reaction with synthetic template. RNase-resistant counts 
are plotted on the abcissa and the °H-TTP incorporation in the 
parallel reverse transcriptase reactions plotted on the ordinate 
(see text). @, Primary reactions; O, reactions on synthetic 
template. a, American samples; b, Hindu samples ; and c, Parsi 
samples. Specific activity of *H-ITTP in primary reactions: 
2,500 c.p.m. pmol~*; 800 c.p.m. pmol~ with synthetic template. 


and the numbers obtained for 7H-TTP incorporation were used 
directly to test possible correlation with the RNase-resistant 
counts. This provided a more direct comparison than plotting 
percentage RNase-resistance against percentage incorporation 
of label. 

For samples from American and Hindu donors there was a 
direct correlation between RNase-resistant RNA counts in the 
milk plasma and DNA synthesis in primary reactions. This was 
not so for poly(dT) synthesis with poly(dT)-poly(rA) as 
template: which is understandable as the susceptibility to 
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RNase of a single-stranded viral RNA template would be 
expected to be different from that of a synthetic hybrid template. 
Figure 1c shows that for the Parsi samples most points are 
grouped together towards the extreme right hand region of the 
curve. Very few points reach even towards the central region. 
Together with the data in Table 1 for the mean RNase level, 
these observations indicate a lower level of RNase in Parsi 
samples. 

Although most milk samples contained inhibitors of reverse 
transcriptase, 40% of the Parsi samples did not inhibit RDDS. 
And in three out of 15 samples (Table 1) there was enhanced 
DNA synthesis compared with the control. Figure 2a shows 
the kinetics of an AMV reaction in which enhancement was 
observed. Samples belonging to this group have been tested 
repeatedly and the observation has been validated both for 
AMV and murine mammary tumour virus. Similar behaviour 
was observed for two of the 15 American samples, and later in 
several more Parsi samples (unpublished results). The 
stimulation observed in all these cases was RNase sensitive. 

In a variation of this experiment the milk pellet prepared 
without AMV was taken up in 0.01 M Tris (pH 8.3), and then 
mixed with AMV instead of pelleting AMV through milk 
plasma. This had no effect on the observed results. If the milk 
pellets alone from these samples were tested for reverse 
transcriptase, there was no detectable reaction which could 


c.p.m. x 1073 





Time (min) 


Fig. 2 Kinetics of stimulation of AMV primary reactions by 
plasma membrane factor from milk pellet (a, see text) and from 
milk fat suspension (6). A, Control reaction without AMV, 
but milk pellet alone (a) or fat suspension (b). O, AMV primary 
reaction without any added milk component. @, AMV primary 
reaction with milk pellet (a) corresponding to 60 pg of total 
protein, and with fet globule suspension (b) corresponding to 
200 ug of fat with 10 ug of membrane-associated proteins as 
determined by Lowry method. In either case the milk factor was 
added to AMV befo-e incubation with Nonidet P-40. The stock 
fat globule preparation was made by suspending freshly 
Separated fat from milk plasma in 0.01 M Tris, pH 8.3, at 37 °C 
at a concentration of 20 mg ml}, and mixing thoroughly in a 
vortex mixer before pipetting out the required amount. 
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Table 1 Inhibition of RDDS by human milk plasma 


% DNA synthesis in AMV ë 
Ethnic group mg fat per ml % RNase-resistant counts* pelleted through milk plasmat 
Primary Synthetic template 
American 9.942.5 57.2423.8 78.7417.1 87.2+15.9 
Hindu 17.7+7.8 62.14+14.3 63.3418.5 76.1 +14.3 
Parsi 22.2+2.8 81.3419.6 89.9+10.3 95.1411.2 





a a a 


Hindu and Parsi milk samples were collected from maternity homes in Bombay and the samples were cooled immediately in ice, and later 
stored in liquid N+. American samples were from the Michigan Cancer Foundation. The milk plasma was separated and the viral pellet prepared 
by the method of McCormick ef al.5. The fat layer separated from a known amount of milk sample was extracted twice with a mixture of 
chloroform—methanol (2:1), the pooled extract was filtered and the fitrate was evaporated to dryness at 80 °C under a jet of dry nitrogen. The 
amount of dry residue left was determined by direct weighing and the content of fat in milk (mg ml7?) was calculated. The relative amount 
of RNase in the samples was determined by incubating known amounts of “C-labelled yeast RNA (~~8,000 c.p.m.) in 1 ml of the plasma for 
30 min at 0 °C and determining the trichloroacetic acid (TCA)-precipitable counts after incubation. The percentage acid precipitable counts 
after incubation was determined for 15 samples each from the different ethnic groups and the mean values were calculated with standard 
deviations. Incubation of yeast RNA in control experiments at 0 or at 37 °C made no appreciable difference to the degradation of the RNA, 


and so we chose 0 °C as the temperature of incubation. Reverse transcriptase reactions were carried out as described before®4, To determine 
the inhibition of AMV reaction by milk plasma, AMV (corresponding to 50 ug of viral protein) was mixed with 1 ml of milk plasma and kept 
at 0 °C for 30 min. This was layered over 4 ml of 20% glycerol in TNE (0.01 M Tris, pH 7.2, 0.1 M NaCl and 0.002 M EDTA) and the virus 
was pelleted by centrifugation at 234,000g for 30 min in a Beckman 50.1 rotor. The residue was taken up in 0.01 M Tris, pH 8.3, and used for 
reverse transcriptase reactions. “H-TTP incorporation from an equal amount of AMV (without milk plasma) pelleted through 20% glycerol 


was used to determine percentage DNA synthesis. The numbers reported are mean values from 15 determinations for each ethnic group. The 
specific activity of SH-TTP used was 2,500 c.p.m. p mo] for primary reactions, and 800 c.p.m. pmol~ for reactions with synthetic template. 
* Y Acid precipitable *C-RNA counts after incubation for 30 min at 0 °C. i 
+ 3% °H-TTP incorporation in reverse transcriptase reactions using AMV pelleted through milk plasma compared with AMV pelleted through 


account for the stimulation of AMV RDDS by an equivalent 
amount of pellet (Fig. 2a). Thus it is unlikely that the stimula- 
tion results from milk viral RNA-dependent DNA synthesis. 
We also examined the possibility that the enhanced synthesis 
was due to the protection of the AMV reverse transcriptase 
from proteolytic enzymes, as a consequence of the presence of 
additional proteins in the milk pellets. In control reactions in 
which an equivalent amount of either bovine serum albumin or 
casein was added in place of milk pellets there was no increase 
in the incorporation of °H-TTP. 

In a separate experiment, a sample of milk pellet treated with 
Nonidet P-40, that stimulated AMV, was equilibrated with 
DEAE-cellulose for 30 min at 4°C. The slurry was poured 





Table 2 Membrane marker enzymes in human milk samples 





Specific activity of enzyme per mg protein 
Ultracentrifuge 


Marker enzyme pellet from 


Casein pellet milk plasma Fat fraction 
Alkaline phosphatase 0.326 pmol 0.283 umol 0 107 pmol 
Acid phosphatase 0.360 pmol 0.200 pmol 0.890 umol 
Xanthine oxidase 236 U 194U 178 U 





Membrane marker enzymes (selected from those listed in ref. 11) 
were assayed from different fractions of the milk samples. The casein 
pellet was obtained by centrifuging the milk sample at 5,000 r.p.m. 
in a Sorvall HB4 rotor for 20 min. The fat fraction is obtained by 
removing the top layer of fat, and the milk plasma pellet was obtamed 
by layering the intermediate layer of milk plasma on 20% glycerol 
(see legend to Table 1) and isolating the pellet obtained by centrifuga- 
tion at 234,000g for 30 min in a Beckman 50.1 rotor. To enrich the 
membranes, these fractions were suspended separately and uniformly 
in TM buffer (0.05 M Tris, pH 7.4, and 0005 M MgCl.) containing 
20% sucrose. The fat suspension was treated differently. Skimmed 
fat (1 ml) was suspended in 5 ml of TM buffer and homogenised in a 
Potter-Elvehjem homogeniser (30 strokes). This was centrifuged at 
10,000 r p.m. ın an HB4 rotor for 10 min and the pellet was collected. 
The fat layer remaining at the top was collected, rehomogenised and 
pelleted in the same way twice more. The pellets were pooled and 
suspended in TM buffer containing 20% sucrose. The different 
suspensions in TM containing 20% sucrose were layered over a 
discontmuous sucrose gradient (TM) with 60% sucrose in the bottom 
overlain with 50, 40, 35 and 30% sucrose solutions. The samples 
were centrifuged at 1,380g in an HB4 rotor for 15 min. The band 
between 35 and 40% sucrose was collected. The membrane was 
isolated by repelleting after dilution with TM. This was dissolved in 
appropriate buffers for different enzyme assays. Alkaline phosphatase 
was assayed as described by Malamy and Horecker™, acid phospha- 
tase as described by Hollander’ and xanthine oxidase by the method 
of Roussos?’, Incubation was for 1 h at 37,°C. 


on to a column (0.73 cm), washed with buffer (0.01 M Tris’ 
pH 8.3, 2 mM dithiothreitol (DTT) and 10% glycerol) con- 
taining 0.05 M NaCl, and eluted with the same buffer containing 
0.4 M NaCl. RDDS stimulatory activity was present in the 
eluate. No activity remained either in the 0.05 M NaCl wash 
or in the loading solution draining out of the column after 
equilibration with DEAE-cellulose. 

We have made similar observations with the fat components. 
Reports have implicated lipid-associated inhibitor(s) present 
on milk particle isolates!+®, but no systematic investigation of 
any such inhibitors has been reported. We observed variations 
in fat contents of milk samples from different ethnic groups 
(Table 1), and the freshly separated fat portions were tested 
for the presence of inhibitors. With samples for which the milk 
pellets showed strong inhibition of AMV reverse transcriptase, 
the addition of the corresponding fat suspengion also showed 
inhibition. With samples that showed no inhibition, addition of 
the fat suspension had no inhibitory effect on 7H-TTP incorpora- 
tion in AMV reactions. There was, on the contrary, increased 
incorporation of °H-TTP in about 30% of such samples. This 
was clearly noticeable in the Parsi samples. Furthermore, 
samples showing enhanced DNA synthesis with milk pellets in 
AMV RDDS invariably stimulated the AMV reaction with the 
fat components as well (Fig. 25). 

We have observed stimulation of DNA synthesis’® in the 
AMV reverse transcriptase reaction by plasma membrane 
preparations from chicken embryonic cells. To test the 
possibility that the stimulation in AMV reactions caused by 
milk plasma pellets, as well as fat globules, results from the 
presence of membranes in the preparations, these fractions were 
analysed carefully. Electron micrographs indicated the presence 
of small but definite amounts of membranes present in the 
plasma pellet preparations in the conditions*? in which these 
pellets are made for detecting RDDS. In addition, both the 
pellets and fat fractions were layered on discontinuous sucrose 
gradients to enrich the membrane preparations which were 
assayed for marker enzymes (Table 2): the same preparations 
in turn stimulated AMV RDDS. Even when a milk pellet or 
fat fraction was not stimulatory at first, once the membranes 
were purified they were stimulatory There is evidence that the 
fat globules are covered by a double layer membrane which is 
very similar in composition to plasma membrane", suggesting 
that the stimulation from the milk pellet and from the fat 
component results from the same membrane-bound factor. 
This factor, like that isolated from chicken embryos”, is not 
dialysable and yet is inactivated by heat. Experiments to enrich 
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the stimulatory factor’ as well as to characterise the stimulated 
DNA product are in progress. 
e We thank Professor J. Beard for AMV. 
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Role of plasma membranes in stimulation 
of RNA-directed DNA synthesis 


THERE has been considerable speculation about the small 
size of DNA transcripts (less than 10S) obtained by reverse 
transcription in vitro of 60-70S RNA from oncorna- 
viruses™*, On the basis of evidence suggesting that at least 
part of the virus-specific DNA synthesis could be taking 
place at the plasma membrane**, we have examined the 
role of membrane-bound factors on RNA-directed DNA 
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synthesis (RDDS). We report here the existence of a protein 
factor, associated with plasma membrane preparations from 
chick embryonic cells, that stimulates RDDS in avian my- 
eloblastosis virus (AMV). The stimulated synthesis is 
sensitive to RNase, and the product DNA is 33-358 in 
alkaline sucrose gradients. 

The effect of added plasma membrane on AMV incu- 
bated with Nonidet P-40 is shown in Table 1. The proper- 
ties of the purified membrane preparations are shown in 
Table 2. There was a marked increase in °H-TTP incor- 
poration in the primary reaction with AMV endogenous 
template. Similarly. there was increased incorporation of 
°“H-dGTP when the synthetic template oligo(dG)-poly(rC) 
was used. In the absence of AMV there was no DNA 
synthesis with membrane preparation alone, or in conjunc- 
tion with oligo(dG)-poly(rC). This rules out the possibility 
that any DNA-polymerising enzymes were present in the 
membrane and contributed to the increased synthesis. 





20 40 
Time (min) 


Fig. 2 Solubilisation of stimulation factor. Plasma membrane 
preparation containing 1 mg of proteins per ml was made 0.4% 
with respect to Nonidet P-40 and 0.1 M with respect to DTT. 
The mixture was incubated in ice for 30 min and was centrifuged 
in a Sorvall HB4 rotor at 7,500 r.p.m. for 10 min. The supernatant 
was removed and the pellet was resuspended in 0.01 M Tris, 
PH 8.3. After determining the protein concentrations in the 
supernatant and the pellet suspension, equivalent amounts of 
protein were added to AMV reverse transcriptase incubation 
mixtures (see legend tc Table 1), From reaction mixtures contain- 
ing 100 ug of membrane protein per ml, 30-1 samples were 
withdrawn at different times and the acid-precipitable radio- 
activity determined. O, Supernatant; A, whole; @, pellet. 


Figure 1 shows the dependence of stimulation on the 
concentration of the membrane preparation in the reaction 
mixture. We found that in our experimental conditions the 
optimum concentration corresponded to 100 ug of mem- 
brane proteins per ml of reaction mixture. It was similar 
when a synthetic template was used. The reason for this is 
unknown. It is likely that there is a stimulatory activity 
and an inhibitory factor present in the unfractionated 
membrane proteins. Even after the stimulatory activity 





Fig. 1 Stimulation of RNA-directed DNA synthesis by AMV 
In presence of increasing amounts of plasma membrane. The 
results of primary reac:ions with endogenous RNA template are 
shown. Reactions were carried out in conditions described in 
the legend to Table 1. Incorporation of 3H-TTP into TCA- 
precipitable radioactivity ın 45-min reactions was determined, 
as were excess counts bove control (reaction with no membrane 
protein present) and are plotted against different membrane 
concentrations. 
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Table 1 Stimulation of AMV reverse transcription by plasma 
membrane preparations 


c.p.m. of °H-TTP 


incorporated 
Reaction in 40 min 
Primary reaction 
AMV control reaction 3,200 
AMV + plasma membrane 6,024 
(120 pg protein per ml) 
Membrane without AMV 36 
(120 pg protein per ml) 
Reaction using oligo(dG)-poly(C) 
AMV control reaction 6,172 
AMV-+ plasma membrane 21,399 
(120 ug protein per ml) 
Membrane without AMV 8i 
(120 pg protein per ml) 


Plasma membrane was prepared from 7—-9-d-old chicken embryos 
as described in the legend to Table 2. The amount of total protein 
present in each preparation was determined by the Lowry procedure 
and purity was checked by marker enzymes (Table 2). The standard 
reverse transcriptase assay mixture contained, 5x 10-2? M Tris, pH 
8.3, 4x 10-2 M NaCl, 8x 10-3 M MgCl, 2x 10-3 M dATP, dCTP 
and dGTP, and *H-TTP at 1,500 c.p.m. pmol for the primary 
reactions. The mixture for the synthetic template reactions contained 
oligo(dG)12-1s‘poly(rC) at a concentration of 103 ug ml-?. Of the 
triphosphates these mixtures contained only cold dCTP (2x 10-3 M) 
and *H-dGTP (500 c.p.m. pmol). The membrane preparations 
(1 mg ml-) were made 0.4% with respect to Nonidet P-40 and 0.1 M 
with respect to dithiothreitol (DTT) and incubated separately at 
0°C for 30 min. Required amounts of this preparation were added to 
the standard reverse transcriptase assay mixtures before incubation 
at 37°C. The primary reactions were in the presence of actinomycin 
D (50 pg ml-*). The reactions described above were done using 50 
ug of AMV preincubated for 10 min at 0°C with 0.4% Nonidet 
P-40 and 0.1 M DTT. The total reaction volume was 100 yl. Samples 
of 30 pil were withdrawn after 0 min, 20 min and 40 min of incubation 
and the trichloroacetic acid (TCA) preciptable radioactivity present 
in the different samples was determined. 


reaches saturation, the inhibitory activity may be increasing 
as membrane concentration increases. 

The stimulatory activity associated with the membrane 
preparations can be solubilised. When a preparation was 
centrifuged after incubation with Nonidet P-40 the activity 
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Fig. 4 Hybridisation of DNA product froma plasma membrane 
stimulated AMV primary reaction with high molecular weight 
AMV RNA. Purification of single-stranded DNA product and 
preparation of AMV high molecular weight RNA have been 
described before!®. The incubation mixture for hybridisation 
contained, 50 pg of AMV RNA; 10,000 c.p.m. of purified 
3H-DNA; 0.45 M NaCl, and 0.002 M EDTA, pH 7.2 and 75 ul 
formamide in 150 pl. After incubation at 37°C for 24 h, the 
solution was diluted with 2.35 ml of 5 x 10-* M EDTA and 2.56ml 
of saturated Cs,SO,. This solution had a refractive index of 
1.375. It was centrifuged for 60 h at 20 °C using a Spinco SW50.1 
rotor at 40,000 r.p.m. After centrifugation the contents were 
fractionated by bottom puncture of the Polyallomer centrifuge 
tube and the TCA-precipitable radioactivity in the fractions 
determined. 


was present in the supernatant. But, not all the activity was 
recovered (Fig. 2), some remained in the pellet fraction, 
although at a reduced level. In a different experiment, the 
membrane preparation from chick embryo cells, after 
treatment with Nonidet P-40, was centrifuged in a Sorvall 
HB 4 rotor at 7,500 r.p.m. for 10 min, and the supernatant 
was equilibrated with DEAE-cellulose for 30 min at 4 °C. 
The thick slurry was poured on to a column (0.7X2 cm), 
washed with buffer (0.01 M Tris, pH 8.3, 2mM DTT, 10% 
glycerol) containing 0.05 M NaCl, and eluted with the same 
buffer containing 0.4 M NaCl. RDDS stimulatory activity 
was present in the eluate, and none remained in either the 
0.05 M NaCl wash or the loading solution draining out of 
the column. The activity was destroyed by heating for 
10 min at 100 °C and it was non-dialysable. These observa- 
tions, together with the fact that stimulation was observed 
when a synthetic template was used with only two deoxy- 
nucleoside triphosphates in the reaction mixture, eliminate 








Fig. 3 Comparison of the size of DNA product of AMV reverse 
transcription in the presence and absence of plasma membrane 
preparations. The DNA products were made using reaction 
conditions described ın the legend to Table 1. For size determina- a 
tion we have used reaction mixtures containing *H-TTP at 2,500 
c.p.m. pmol. After incubation for 60 min the reactions were 
stopped by the addition of sodium dodecyl sulphate to 1% and 
NaCl solution to 0.4%. The nucleic acid products were isolated 
by phenol extraction as described before!®. The isolate was 
incubated with 0.3 M NaOH for 18 min at 37 °C and after 
cooling was layered on a 5-20% linear sucrose gradient (107? 
M Tris; 10-? M EDTA; 07 M NaCl, and 0.3 M NaOH). 
Centrifugation was done in a Spinco SW50.! rotor at 48,000 
r.p.m. for 120 min. The gradients were fractionated and the 
TCA-precipitable radioactivity was determined. Purified DNA 
from phage PIKC, and Haemophilus influenzae phage (HPIC, 
were used as external markers in separate tubes, @, DNA 
synthesised in the presence of plasma membrane (110 pg 
proteins per ml); ©, DNA synthestsed in control reactions 
without added membrane proteins. 


| 
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Table 2 Marker enzymes present in plasma membranes isolated 
i from chick embryos : 





° 
Specific activity per mg per h 
Purified Enrichment 

Enzyme Homogenate* preparation . factor 
ADPase 1.02 pmol 2.31 pmol 2.3 
_5’-Nucleotidase 0.49 pmol 2.00 pmol 4.1 
Nat, Kt-ATPase 0.75 pmol 2.00 pmol 2.7 
Alkaline phosphatase . 0.16 pmol 1.40 pmol 8.8 
CTPase 0.82 pmol 4.04 pmol 4.9 
Succinate dehydrogenase 8.7 Ut 2.1 UT 0.24 
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*Homogenate after filtration through cheesecloth (see below) 
{Increase in 44s units; see ref. 15. s 


The membranes were made from 7-9-d-old chick embryos*®, ' 


which were dissected to remove internal organs, head and limbs. The 
‘tissue was minced, washed thoroughly with TM buffer (5 x 10-7? M 
Tris, pH 7.4 and 5x10-? M MgCl.) and homogenised by 30 gentle 
strokes in a Potter-Elvehjem homogeniser It was filtered through 
_ two layers of cheesecloth. It was centrifuged at 2,500 r.p.m. ina 
GSA rotor for 15 min and the pellet was resuspended in TM and 
placed on top of a discontinuous sucrose gradient in TM consisting 
of 60% sucrose in the bottom (4 ml) overlain with solutions con- 
taining 50% (4 ml), 40% (4 ml), 35% (10 ml), 30% 6 ml) and 20% 
(5 ml) of sucrose. The gradient was made in a cellulose nitrate tube 
for the Beckman SW27 rotor, but spun ın an HB4 rotor at 1,380g for 
15 min. The fraction that collected between 35% and 40% ‘sucrose 
was withdrawn with a syringe and pelleted by centrifugation at 
6,000g for 15 min after adjusting the sucrose concentration to 5%. 
This pellet was resuspended in TM and purified twice more by 
passage through the discontinuous gradient and isolation between 
35% and 40% sucrose. The pellet obtained after the third discon- 
tinuous gradient was taken up in 30% sucrose in TM and placed over 
a different discontinuous gradient with 60% sucrose at the bottom 
(3 ml) overlain with solutions having 55% (3 ml), 50% (3 ml), 48% 
(6 ml), 45% (6 ml) 43% (4 ml), and 40% (4 ml) of sucrose and 
centrifuged at 90,000g for 90 min in an SW27 rotor. The membrane 
formed a band between 43% and 40% sucrose. This fraction was 
separated and the membrane pelleted by centrifugation at 6,000g 
for 15 min after adjusting the sucrose concentration to 5%. This was 
resuspended in the required buffers for the assay of marker enzymes. 
The amount of total proteins present in each preparation was deter- 
mined by the Lowry procedure. ADPase and CTPase were assayed as 
described by Perdue and Sneider, Na+, K*-ATPase by the method 
of Post and Sen", 5’-Nucleotidase by the method of Morre??, 
alkaline phosphate by the method of Malamy and Horecker’, and 
succinate dehydrogenase by methods described by King" and 
Pennington. 
Ld 


the possibility that stimulation was due to a DNA or RNA 

contaminant in the membrane preparation. ' 
The DNA product of the stimulated primary reactions 

was larger (33-35S in alkaline sucrose gradients (Fig. 3)). 


than the product synthesised in the absence of plasma . 


membrane preparation. The distribution of size varied 
slightly from experiment to experiment: this could have 
resulted from variations in length of viral RNA template. 

The hybridisability of the product was also examined. 
The results of hybridisation with 70S RNA from AMV are 
shown in Fig. 4. Most of the counts were present in the 
RNA and RNA-DNA hybrid density region The spilling 
over of the counts to the hybrid region when hybridisation 
was done with an excess of AMV RNA probably indicates 
the presence of full length DNA transcripts. Unlike small 
pieces of DNA hybridising to large RNA molecules, 
resulting in RNA-DNA hybrids with densities close to that 
of RNA, full length DNA or nearly full length DNA can 
form 1:1 RNA-DNA hybrids. This type of hybrid would 
band at a region with the mean density of DNA and RNA. 

Based on these observations, we suggest that the stimula- 
tion of DNA synthesis is caused by a thermosensitive and 
non-dialysable factor associated with the membrane.. But 
the method used to purify the membrane may also ‘have puri- 
fied some of the membraneous organelles of the cell, such as 
endoplasmic reticulum, for their density is very close to 
that of the outer plasma membrane. At present the mech- 
anism of stimulation and chain elongation is not clearly 
understood. Experiments are in progress to determine 
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whether the stimulation of the reaction is due to inter- 
action of the factor with the template or reverse transcript- 
ase. In this respect, the factor can be compared with the 
DNA binding proteins reported by Hung and Lee’. Rigorous 
characterisation (such ds genomic complexity) of the 
longer DNA molecules synthesised in the presence of the 
membrane preparation is in progress. If the longer DNA 
molecule contains the same information as thé viral RNA 
faithfully represented in the same proportion, such radio- 
active molecules will provide ‘superior probes’ in studies of 
viral gene expression in infected cells. 
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Ion effects on macromolecules 
in aqueous solution 
APART from their nonspecific electrostatic interactions, ions can 


produce specific effects on the conformation and solubility of 
macromolecules in aqueous solution}. The relative effectiveness 


_of anions and cations in altering macromolecular configurations 


is remarkably independent of the nature of the macromolecule 
and is generally referred to as the lyotropic or Hofmeister 
series. To explain the generality of the effects, the influence 
of the ions on the structure of the solvent has often been invoked, 
but as yet no theory has been able to link satisfactorily ion- 
water interactions with the effects of ions on macromolecules. 
We argue here that it is the effect of the ions on the empty 
volume of the solvent which underlies the Hofmeister series 
and we derive a simple thermodynamic equation which accounts 
for the effect of a salt on the transition temperature for a polymer 
chain aggregation process. To test the equation we have taken 
data from the literature relating to the cloud point of polyvinyl- 
methylether (PVME; intermolecular aggregation); and to the 


. thermal transition temperature of ribonuclease (intramolecular 


aggregation). 
Aqueous solutions of PVME have a lower critical solution 


‘temperature or cloud point (T.) at 34 °C—that is, above this 


temperature two immiscible phases are formed, one’ of which 
contains almost all the polymer in an aggregated form. On 
cooling the change is reversed but redissolution of the polymer 
is slow. Horne et al.? studied the effect of a number of salts on 
T, and found that it could be either raised or lowered according 
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Fig. 1 Salt effects on Te of a 2.5 weight of | nauseous solution, of 
, PV VME. O, Ref. 2; 5 @, Present work. 
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to the particulas salt added and that often the, change: was 
approximately linear with salt concentration. Similarly, it has 
been shown that the temperature (Tm) of the, midpoint of a 
cooperative transition involving ‘the : ‘unfolding of the native 
ribonuclease molecule can be shifted up or down, often 
approximately linearly by increasing concentrations of neutral 
salts**, In both cases’ the rank order of ‘molar effectivénéss 
follows the Hofmeister series. 


At either T, or T we can write 'an equilibrium: dissolyed ` 


polymer segments + aggregated~ ‘polymer segments. The 
transfer from the dissolved to the‘ ‘aggregated' state in’ water 


at a pressure P will involve changes in the partial molal internal 3 


energy ( U), volume V)and entropy (O) of the polymer segments, 
which’ will be related to transition temperatures by ` 


Tom = (AU PAPAS E ay 
For a salt solution’ in which AS remains 'uriaffected, the charige 
in the transition temperature will be given by: ws oA 


į . re 3 


ÒTe,m = OAT RAT Pas ; "O 
We shall neglect the feiipecatiite RT WE of the partial 
molal quantities over the range Tim tO Tom+5T7¢,m and assume 


that 7..m is solely determined’ by’ the salt. effect. To calculate 2 
SAV we consider the empty volume which exists in the solvent 


and which is defined by: observed volume—van der Waals’ 
volume of the molecules’, Because of its “hydrogen-bonded 
structure, water is exceptional: in having ‘a’. very ‘large’ empty 
volume (about 46%), and’ Bernal and‘ Fowlers pointed ‘out-that 


the main contribution to the volume change associated with the. 


solution of ions arises from:the.collapse of this'structure. If the 
polymer can utilise the voids in the solvent, we can write :° 

8AF = K (water) —V, (60ln)’ Ke rns) 

3 h a'i oʻ 

where V.(water) is the empty volume existing in the volume of 

water containing 1 mole of transferring segments and V (soln) 
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‘is the corresponding volume, in: the salt solution. By con- 
` sidering the transfer of a mole of segments from 1 kg water go 
1 kg water+-m moles of salt at a given temperature an ex- 
pression for SAV. i in ‘terms of salt concentration can 1 easily be 
obtained since >.> : no 


ES Yate + 55. 5 Vu 20 j (4) 


t wos 


mV sart55. 5 pam =m Vaat Volt 555 5Va, o 6) 


where: Vis the observèd volume of water, Vio and Vaan -are 


molar van der Waals’ volumes, and F, a1 and- Vwwatet are partial 
gmolel volumes. erica (5) from (4) gives pa 


v arater)— Kason = “mt Vaa—F Pad V5, 5 Forster) (6) 
“Indilute sélutions Yz a $5. 5 Vwaters so that ` 
¢ , bree ad ' l 


Ta O aap MV ai- Prad Gr 


ae change in AU brought about by the presence of ions is 


*likely'to be due to weak binding’ of ions to sites on the dissolved 
. segments, ‘and if a Langmuir-type isotherm’ is followed we can 


_ expect SAU to be a linear function of m, so that finally’ we obtain 


ot 


o. Tom, _ (CAUP ean Voa) . * (8) 


u: va r m A AS. ; a "A ; 

Figure 1 shows a plot of .ôT./m against Vsan— Toan for the 
effect of sodium, potassium and ammonium halides on the 
PVME 'T;.' With the exception ‘of NH,Br,-these salts have 
approximately constant values of STM up 'to' 1 M çoncen- 
tration. In the case of NH,Br an initial slope. was, estimated 
from the curved T: against salt concentration graph i in ref, 2. 


“Vea” values were. calculated from -Pauling ionic radiis and 


Bitte : : mas, i of 


` 4H ô,T [m CC molal~') 








16 


1 
"salt Kai (cm? mol- ) 





Fig. 2 Salt effects on'the thermal denaturation of ribonuclease 
: in aqueous solution. O, Ref.3; @, ref.4. ’ 
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Vea, values at infinite dilution and 25 °C were taken from a 
compilation by Millero*. The resulting points fall on three 
parallel lines, one line for each series of anions with a common 
cation. This justifies the assumption of constant AS and implies 
that SAV is dictated by both the cation and anion of a par- 
ticular salt but that AU only depends on the cation. The 
different intercepts on the 57./m axis may be interpreted in 
terms of a greater tendency to ion binding in the order 
NH,* <K*+< Nat. 

Figure 2 shows a similar plot for the effect of seven salts on 
the ribonuclease transition. A similar picture is obtained except 
that the lines have positive slopes because the aggregation pro- 
cess is favoured at low temperatures. Lithium and sodium salts 
give almost the same positive intercept on the 8T,,/m axis, 
whereas the calcium salts have a large negative intercept. 
Bearing in mind that AS is now negative, this can be understood 
on the basis of a relative binding strength for sites on the protein 
in the order Nat, Li*<H,O<Ca**. If this interpretation is 
correct and if this type of plot proves to be general for other 
ions and macromolecules, the above approach could provide 
a useful method for separating solvent effects from ion-binding 
effects. If the interpretation is incorrect, then the interesting 
empirical observation of common cation lines requires explana- 
tion. 
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Structural order in chromatophore 
membranes of Rhodospirillum rubrum 


SrrucruraL studies of the purple membranes of 
Halobacterium halobium’ have raised the question of 
whether the in-plane structural order is an exceptional 
feature of very limited biomembranes or whether it is 
somewhat more common. We have found that the structural 
order exists in the chromatophores of Rhodospirillum 
rubrum and Rhodopseudomonas spheroides and the outer 
membranes of Salmonella typhimurium, although extension 
of the order is limited compared with purple membranes. 
The present paper reports our results concerning the 
chromatophores of R. rubrum. 

Chromatophores were prepared from the carotenoid- 
deficient blue-green mutant (G-9) of R. rubrum by grinding 
cells with aluminum oxide’, a mild treatment used to isolate 
chromatophores. Oda and Horio* have reported that the 
chromatophores are vesicles with a diameter of 400-800 A. 
Our electron microscopic observations have supported their 
results. According to Kakuno ef al.’, the chromatophore 
membrane consists mainly of proteins and lipids, the weight 
ratios of protein, phospholipid, bacteriochlorophyll and 
ubiquinones being 1.00: 0.24: 0.04: 0.03. Major protein 





Equator Meridian 


Fig. 1 X-ray diffraction pattern for a dried specimen of chroma- 

tophores obtained by grinding cells with aluminium oxide. 

Specimen-to-film distance 69.3 mm. Exposure time 44 h. See 
text for equator and meridian. 


components are those which have been termed structural 
proteins by Kakuno eg al.’, and have the molecular weights 
of 13,000 and 27,000, respectively. The population of the 
former is about twice the latter (T. Kakuno and T. Horio, 
personal communication). 

Pellets of chromatophores were prepared by centrifuga- 
tion (for example, at 100,000g for 1 h). Two kinds of speci- 
mens were used for X-ray studies: wet pellets which were 
a dispersion of chromatophores in the solution of 0.1 M 
Tris-HCI buffer (pH 8.0); and dried specimens which were 
prepared by placing the wet pellets on a freshly cleaved 
mica surface, maintained at about 5 °C in a refrigerator for 
more than 2d. Strips were then cut off from the dried 
matter. Each specimen was sealed in a thin-walled glass 
capillary and its temperature maintained at 4 °C for X-ray 
exposure. A Rigaku rotating-anode microfocus generator 
(RU-3HM) was used with a copper target, of which the 
effective focal spot was 100X100 um’, The camera used 
was of the Elliott point-focusing type* with a set of double- 
sector apertures. X-ray diffraction patterns were recorded 
on Fuji medical X-ray film KX. 

All the wet specimens gave diffraction patterns consisting 
of a series of distinet diffraction rings in the region of the 
spacing d of 6 A<d<22A and a sharp ring at d=4.16 A, 
indicating crystalline packing of hydrocarbon chains in the 
membranes. All the dried specimens gave diffraction pat- 
terns as shown in Fig. 1, when the incident beam was 
parallel to the plane attached to the mica plate. We have 
termed the direction parallel to this plane equator and the 
eS a eee 


Table 1 Observed and calculated spacings d for equatorial 





reflections 
h, k d calc (Å) d obs (Å) 
0, 1 36.9 — 
LA 21.3 -= 
0,2 18.4 17.9 
1,2 13.9 14.1 
0,3 12.3 12.4 
2,2 10.6 10.5 
a 10.2 -— 
0,4 9.2 9.4 
2:2 8.5 8.4 
1,4 8.1 aoa 
0,5 7.4 74 


a 


Period of 42.6 Å was used for calculations. 
h, k, Miller indices. 


perpendicular direction meridian. In Fig. 1 the 4.16A 
reflection (clearly seen on the original film) came out as 
an equatorial reflection, proving that the membranes lie 
approximately parallel to the mica plate. The inner equa- 
torial reflections shown in Fig. 1 have a one-to-one cor- 
respondence with the inner reflection rings on the photo- 
graphs of the wet specimens, indicating the existence of 
some in-plane structural order. There were no appreciable 
differences between their spacings in the dried and wet 
specimens. In measuring the spacings, calibration was made 
using the sodium myristate powder pattern. 

The equatorial reflections could be explained by assum- 
ing a two-dimensional hexagonal unit cell a=42.6A. 
Calculated spacings of reflections are compared with the 
observations in Table 1. 

Wet specimens of chromatophores from which ubiqui- 
nones were removed using the isooctane treatment’ gave 
diffraction patterns similar to those of the native chroma- 
tophores, indicating that the structural order is related to 
a regular arrangement of protein molecules. The observed 
reflections listed in Table 1 had broader widths than those 
of the purple membranes of H. halobium measured with the 
same camera, implying that the structural order extends 
only in a limited area of the chromatophore. On the 
assumption that the protein molecules form small two- 
dimensional crystalline clusters, the observed line width 
gave the diameter of the cluster as being about 120A, 
roughly three times the lattice constant a, on the basis of 
Scherrer’s formula. 

Dried specimens gave several meridional reflections as 
seen in Fig. 1. Six meridional reflections were observed for 
the native chromatophores and eight for the ubiquinone- 
deficient chromatophores, In the latter case the eight were 
indexed approximately by assuming a lamellar stacking of 
membranes with a period of 155 Å, with reasonable accu- 
racy up to the fourth-order reflection; such an indexing was 
not successful for the native chromatophores. In addition 
to these, there was an off-meridional reflection with a 
spacing of 37 A in both cases. The lamellar reflections and 
the period of 155A suggest that the chromatophores are 
flattened in the dried specimens, since a thickness for the 
membrane of 155 A/2=76A is plausible. 

Similar diffraction patterns indicating structural orders 
have been found in the chromatophores of Rps. spheroides 
and the outer membrane of S. typhimurium. A dried speci- 
men of the former also exhibited lamellar reflections as in 
the case of R. rubrum. Further investigations are in pro- 
gress. 

We thank Professor T. Horio for discussions; and Mr G. 
Soe and Miss K. Sakata for preparation of chromatophores. 
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Bacterial utilisation of ° 
organic matter in the deep sea 


DissoLveD organic carbon (DOC) in the deep sea is, after 
sedimentary humus, the largest reservoir of organic carbon in 
the hydrosphere. It is utilised primarily by heterotrophic 
bacteria, which over a long period, in steady-state conditions 
consume dissolved O, from the seawater and produce an 
equivalent amount of CO, by respiration. Knowledge of the 
rates of O, consumption (Table 1) and CO, production is 
useful for quantifying the mixing and circulation of deep-sea 
water through variations in its O, or natural radiocarbon 
content!:*, The aim of the work reported here was to determine 
the growth rate of a heterotrophic, low nutrient bacterium 
isolated from seawater collected at a depth of 2,000 m in the 
north-central Pacific Ocean (25°03’N, 154°53’W), and to 
equate this growth rate with O, consumption and utilisation 
of DOC. 

We have determined the doubling time in batch culture for 
this low nutrient bacterium (referred to as 169 and able to 
grow well in unenriched seawater) in deep-sea water at 5, 
13 and 20°C and under 200 atmospheres of hydrostatic 
pressure (equivalent to a depth of 2,000m). The doubling 
time was 260 h when normalised to the in situ temperature of 
2°C using the Arrhenius plot. This growth rate results in a 
maximum rate of O, consumption of 1.4 ml m~? yr~!, and is 
discussed in terms of the flux of organic and inorganic carbon 
between various carbon reservoirs in the deep sea. 

The equation for determining bacterial respiration in steady- 
state conditions was 


1.6 x 10" A4(100— E) 
D 


(1I mlO, m~ yr) = 0.44mgCm~* yr 


R(mlO, m~’ yr~) = 


’ 


where R is respiration, A is biomass of synthesised microbial 
cell carbon (g), E is percentage of carbon assimilated, 100— E 
is percentage of carbon respired, and D is doubling time of 
microbial cells (h). The factor 1.6 x 10'° takes into account the 
normalisation of doubling times of hours to years, and con- 
version of g carbon to ml of O,. A was calculated using the 
following expression 


A = 10-8 NV 


where N represents numbers of bacteria per l, V is volume of 
each bacterium (1m*), and 10~'* is the weight of one bacterium 
of volume 1 um? expressed as g of carbon. Each bacterium is 
assumed to be 80° water and 10% carbon. In our calculations, 
bacterial volumes were determined from many enumerations of 
bacteria in deep-sea samples, either by direct microscopy or 
with the scanning electron microscope (SEM). SEM obser- 
vations were made on cells fixed in situ..We used cell volumes 
calculated for cocci (0.2 and 0.5 um diameter) and rods 
(0.20.5 and 0.5 x 1.0 um). Numbers of bacteria per | in the 
central Pacific Ocean deep water were obtained from two 
sources’, and from our own observations. These values 
ranged from 10° to 107 1 ~, 

The percentage of carbon assimilated (£) in the above 
equation is difficult to estimate for deep-sea bacteria in situ. 
Most terrestrial heterotrophic bacteria studied in the laboratory 
in enriched conditions show 10-20% efficiency. Sorokin* found 
that 40% and Jannasch* 95% of acetate added to seawater 
(100 and 2,000 mg 1~?, respectively) was assimilated by deep- 
sea bacterial populations. 

To calculate R, we used combinations of the above cell 
volumes, and assumed that the carbon cycle in the deep sea, 
including bacteria, is in a steady state (otherwise, there would 
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Table 1 Utilisation of organic carbon in the deep sea 


e 
Method Depth (km) 

Calculated from a vertical diffusion? 1-4 
advection model 

Calculated from a vertical diffusion? 1-4 
advection model 

In situ incubation with “C-labelled* 5 
substrates 

In situ incubation with “C-labelled* 4 
substrates 

O, uptake by electron transport® 1-6 
system 

Adenosine triphosphate’ 14 
content of cells 

This report 2 


Eastern tropical Pacific 


North-central Pacific 


Location DOC and/or POC utilisation (mg C m~* yr~)* 


Central Pacific About 1.8 (4.1) 
South Pacific About 0.67 (1.5) 
North-east Atlantic 2-13 (4.6-29.6) 
Western Pacific 11.2-33.6 (25.6-76.7) 
About 0.70 (1.6) 
About 0.44 (1) 


0.04-0.61 (0.09-1.4) 


North-east Pacific 


i 


Calculated and experimental values are given. Equivalent O, consumption rates are based on 1.0 ml O, consumed 


assuming a C/N ratio by atoms of 10 in deep-sea DOC and POC. 
*In parentheses: O; consumption (ml O; m~? yr~?). 


be a net increase in biomass); we therefore assumed 100% of 
DOC to be respired; that is E = 0. The range of values for R 
obtained from these combinations was 0.09-1.4 ml O, m~? 
yr (0.04-0.61 mg C m~* yr~). But from what seems to be the 
most reasonable assumptions for N and V (3.8 10° 1 and 
0.26 um? respectively), a value of 1.4 ml O, m~? yr™ (0.61 mg 
C m™ yr~) for R is the most realistic and represents the upper 
limit of R. In this calculation we treated all bacteria in the 
deep sea as growing in a manner similar to that of low nutrient 
bacteria. This is probably not true; some bacteria may be less, 
and some more active, than bacterium 169. 

Previous in situ measurements of bacterial uptake of DOC** 
were based on high concentrations of added substrate and so 
may not be relevant to measurements of the actual activities 
of deep-sea bacteria. Because little is known of the chemical 
composition of the DOC in deep water, the estimates for 
utilisation of DOC we have obtained using the natural substrate 
are more appropriate for calculating organic carbon fluxes and 
rates of utilisation of O, in the deep sea than rates derived from 
experimental work with added substrates. The particular 
fraction of the DOC which is utilised by low nutrient bacteria 
may be organic material of a more labile nature than the ‘old’, 
refractory DOC constituting the bulk of the organic matter, 
but we cannot judge which fraction is utilised. 

This determination of organic carbon utilisation, 0.61 mg 
C m~ yr~ (1.4 ml O, m~ yr~ consumed), may be used in a 
qualitative way to estimate the organic carbon balance at 2,000 m 
in the north-central Pacific. If we assume a steady state, 
(—dDOC/dt = —dPOC/dt = —dO,/dt = +dCO,/dt = 0), 
and concentrations of DOC (unpublished results from cruise 
Cato-1, Institute of Marine Resources, University of California, 
San Diego, June-July, 1972), POC, particulate organic carbon 
and O, (ref. 9) of 450 mg m~*, 3 mg m~? and 1.7 | m=’, respect- 
ively, then the residence time of DOC, POC and O, would be 738, 
4.9, and 1,214 yr, respectively. This calculated DOC residence 
time of 738 yr is three to five times lower than the value of 
2,600-3,500 yr determined by natural radiocarbon measure- 
ments of the DOC at 2,000 m in the north-east Pacific’. This 
suggests that R is less than 1.4 ml O, m~? yr™ and that the 
rate of utilisation of DOC is > 0.1 and < 0.5 mg C m= yr. 
The POC would be utilised in ~ 5 yr if the entire microbial 
population is using POC and not DOC as a substrate. This is 
unlikely for two reasons: first, the percentage of attached, 
non-filterable bacteria compared with the free-living population 
is 25% or less’, and second, the consumption of POC by 
bacteria during the estimated mean time of 2 yr it takes the 
POC to sink from 500 to 2,000 m (ref. 11) would be 1.22 mg 
C m™ (2R). Such a rate of utilisation would require a gradient 
(decreasing concentration) of POC from 500 to 2,000 m. This is 
not observed in the north-central Pacific from 500m to the 


0.44 mg C utilised, 


bottom, where the concentration of POC is essentially in- 
variant’. It thus seems that DOC is the main source of energy 
for the low nutrient, heterotrophic bacteria in the deep water 
of the north-central Pacific, and that the rate of utilisation of 
organic carbon or consumption of O, we have measured is of 
the same magnitude, and probably less, than earlier experi- 
mental estimates of a more indirect nature given in Table 1. 
Indeed, if the rates of O, consumption were much greater than 
0.6 ml O, m~? yr ~, vast areas of the deep sea would be anoxic. 

Finally, the results reported here support the validity of 
using vertical-diffusion, vertical-advection models'** for cal- 
culating such non-conservative properties such as O, con- 
sumption and carbon utilisation in the deep sea. 

We thank Ms S. L. Shimp for technical assistance. This 
work was supported by the ERDA. 

P. M. WILLIAMS 
A. F. CARLUCCI 

Institute of Marine Resources, 
University of California, San Diego, 
La Jolla, California 92093 


Received April 27; accepted July 14, 1976. 


1 Munk, W. H., Deep-Sea Res., 13, 707-730 (1966). 

2 Craig, H., J. geophys. Res., 76, 5078-5086 (1971). 

3 Jannasch, H. W., Eimbjellen, K., Wirsen, C. O., 
Science, 171, 672-675 (1971). 

4 Sorokin, Y. 1.. in Proc. twentieth Nobel Symp. (edit by Dryssen, D., and Tagner, 
D.), (Wiley-Interscience, New York and London, 1972). 

s ey T. T., Healy, M. L., and Richards, F. Q., Limnol. Oceanogr., 16, 60-70 
(1971). 

6 st aa O., and Paer!, H. W., Mem. Ist. Ital. Idrobiol., 29, Suppl., 149-168 
(1972). 

7 Taga, N., and Matsuda, O., in Effect of the Ocean Environment on Microbial 
Activities (edit. by Colwell, R., and Morita, R.), (University Park Press, 
Baltimore, London and Tokyo, 1974). 

$ Gordon, D. C., Deep-Sea Res., 18, 1127-2234 (1971). 

9 Prelim. Data Rep. Geochemical Ocean Sections Study, Pacific Expedition, Leg A 
Station 206, August-September, 1973 (Scripps Inst, Oceanogr., San Diego, 1974). 

10 Williams, P. M., Ocschger, H., and Kinney, P. J., Nature, 224, 256-258 (1969). 

11 Arhelger, M. E., Kinney, P. J., Linick, T. W., and Williams, P. M., Research 
on the Marine Food Chain, AEC Progress Report, 363-389 (University of 
California, San Diego, 1974). 


and Farmanfarmaian, A., 





Circadian rhythm of anaerobiosis 
in a polychaete annelid 


ALTHouGH intertidal organisms which cannot breathe air 
must be regularly subjected to tidal conditions in which 
they must respire anaerobically, there are no known cases 
in which these or other animals reduce environmental con- 
ditions to the point at which they must respire anaerobically. 
Indeed such reduction of microhabitat conditions would not 
be expected because of the relative inefficiency of known 
anaerobic energy-generating pathways. This report describes 
a rhythm of alternating aerobic and anaerobic metabolism 
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in the polychaete Nereis virens. The rhythm is circadian 
under low intensity constant illumination, 

Burrows of N. virens are ventilated with undulatory 
movements of the body which serve to draw well-oxygenated 
water and food into the burrow. I have conducted long term 
monitoring of the ventilation rhythms of animals adapted 
to 10.0-ml synthetic burrows'. Individuals have been main- 
tained in synthetic burrows in the laboratory for periods of 
up to 20 months. Ventilation activity was measured with a 
directly heated thermistor flowmeter inserted through the 
wall of the synthetic worm burrow and separated from the 
animal by a nylon screen’, 

Twelve individuals were tested in continual light (LL 
12: 12), eight individuals were tested in a light-dark regime 
of 12h light and 12h dark (LD 12:12), and six indi- 
viduals were tested in continual darkness (DD 12:12). 
A total of 325d of continuous recording was obtained for 
the 26 animals tested. Both incadescent and fluorescent light 
sources were used, and light intensity was maintained at 
approximately 3,000 Ix at the burrow. Before experimenta- 
tion, all animals (5.0-6.0 g) were maintained on a daily 
cycle of 14h light and 10h darkness at 10+2 °C for 5-70 d. 
At the start of an experiment individuals in burrows were 
transferred to a 15-1 tank (10°C) which received a con- 
tinuous flow of aerated seawater. The thermistor was in- 
serted through the wall of the worm burrow near either 
end. Vibration and noise from activity in the laboratory 
were minimised. Several animals were tested in closed as 
well as open-system conditions to prevent possible influence 
of chemical time-cues from entering the seawater system. 

Ventilation for each hour of each day was measured in 
relative volume units by determining the areas under the 
curves of the continuous activity records. Period lengths of 
ventilation rhythms were estimated using the periodogram 
procedure of Enright? which is particularly appropriate for 


Amplitude 


28 30 


Fig. 1 


Period length (h) 
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serially correlated time series data. The experimental ampli- 
tudes for a series of computer-generated assumed period 
lengths are compared; the measure of amplitude is the 
standard deviation of the hourly means of activity (area 
under the activity records). The plot of amplitude estimates 
against the assumed period length is a periodogram, and 
the period value with a large amplitude represents the most 
likely correct period length for the observed function. All 
ventilation rhythms were analysed for likely period lengths 
from 3 to 33h in 0.1-h increments. 

Burrow pO, was monitored continuously with a 1.0-mm 
polarograph (IBC) during long term ventilation recordings. 
Burrow pH was monitored continuously with a combina- 
tion microelectrode (Bolab) inserted through the wall. 
Levels of lactate in burrow water and tissue were deter- 
mined enzymatically according to the appearance of NADH 
at 340 nm (ref. 3). In separate experiments groups of six 
worms were placed in 10-ml sealed burrows and sampled 
for either tissue lactate or burrow water lactate after a 
chosen period of forced burrow closure. Respiratory rates 
were determined separately for 22 individuals placed in air- 
saturated seawater (10°C), after various periods of forced 
closure in 10-ml synthetic burrows. 

While I have observed short term (3-20 min) cycling of 
ventilation and rest periods similar to those observed for 
other polychaetes*™*, I have also observed longer rest periods 
(>1 h) superimposed on the short term irregular pattern. 
These long rest periods (up to 9h) create anaerobic burrow 
conditions and appear in recordings only after 2-4d. In 
conditions of constant illumination, the ventilation activity 
shows a circadian periodicity (Fig. 1a and b). While one of 
12 animals tested in LL was aperiodic, the average observed 
period length was 21.3+s.d. 0.65h and the average 
duration of rest periods >1 h was 3.85+2.4h. While all 
animals tested in LD and DD were aperiodic (Fig. 1c-f), 





Ea 


Typical periodograms of burrow ventilation. a, b, Periodic anaerobiosis under constant illumination; c, d, aperiodic activity 


under light-dark cycle; e, f, aperiodic activity in constant darkness. 
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Fig. 2 a, Tissue lactate (@, pg per g wet tissue+s.c., n = 6), 
burrow lactate ( x , ug per ml burrow water +s.e., n = 6), and pO, 
(circle and dot) asa function of length of rest period (n = 8). b, 
Maximum oxygen consumption following various lengths of 
rest periods (n = 22). Tissue lactate, burrow lactate and res- 
piratory debt were determined for groups of six animals placed 
in sealed 10-ml burrows (10 °C) for predetermined times, since 
it was impractical to obtain tissue or water samples during the 
rest periods observed in the ventilation studies. The pH records 
obtained from burrows during spontaneous rest periods of the 
ventilation studies agree closely with those obtained at the end of 
the forced-closure experiments. 


long rest periods were nevertheless observed in both of the 
latter conditiops. The average lengths of rest periods >1 h 
in the LD and DD groups were 3.39+1.45 and 3.13+2.0h, 
respectively. The frequencies of occurrence of rest periods 
>1h varied for animals tested in LL, LD and DD and 
were 1.15+0.21, 0.60+0.14 and 0.52+0.10 per d, respect- 
ively. Furthermore, the DD group spent an average of 
71% of each day involved in ventilation activity while the 
LL and LD groups averaged 21 and 35%, respectively. 

Measurements of oxygen consumption, lactate and pH 
within the polychaete burrow indicate that during rest 
periods, the worms respire anaerobically, accumulate small 
amounts of lactic acid and later pay an oxygen debt. 

At a burrow oxygen tension of 5-10 mmHg (10 °C), de- 
tectable aerobic respiration ceased and presumably there 
was a switch to anaerobic pathways. Lactate appeared in 
the sealed burrow after a 2-h rest period and reached 
92 ug ml™° after 6.5h (Fig. 2a). Increased tissue lactate 
levels were evident after about 1 h, which is approximately 
the time required to reduce the burrow pO, to 5-10 mmHg, 
and reached approximately 260 ug per g wet tissue after 6h. 
When a rest period ended and the burrow was again venti- 
lated, the oxygen debt was repaid in part, as indicated by 
increased respiratory rates (Fig. 25), which were directly 
related to the length of the period of forced closure. 

Continuous monitoring of burrow pH during ventilation 
studies showed that burrow acidity was a function of the 
length of the rest period, with pH on one occasion reaching 
a low value of 5.97 after 8.2 h of rest. Organic acids other 
than carbonic and lactic must account for such observed 
depressions in pH because, in theory, pH could be reduced 
only from 8.1 to about 7.0 by animal respiration. 

In summary, N. virens seems to cease burrow ventilation 
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for periods of up to 9h during which respiration continues 
anaerobically and the worms accumulate lactic and other 
organic acids. It is doubtful that the vascular haemoglobin 
serves an oxygen storage function during extended tidal 
exposure’. 

Newell!’ has suggested that temperature-independent rest- 
ing metabolism (O: consumption) is associated more often 
with animals found intertidally than with those found sub- 
tidally, although two polychaete species have resting 
metabolic rates that are temperature dependent", The 
observation of a spontaneous creation of anaerobic burrow 
conditions is important since normal rest metabolism of 
many invertebrates may include a significant non-oxidative 
component involving accumulation of lactate or other 
partially oxidised products of the Embden—Meyerhoff path- 
way. Any function of the observed periods of anaerobiosis, 
as well as the role of low intensity illumination in syn- 
chronising the anaerobic periods is as yet unknown, 

It is interesting that the bivalve Arctica islandica has been 
shown to burrow aperiodically into sediments and respire 
anaerobically”. 

I thank A. H. Price, II and S. Kraul for review of the 
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Plutonium isotope ratios in polychaete worms 


We have noted with interest recent reports which suggest a pre- 
ferential biological availability of ***Pu over *%°*2°Pu in ter- 
restrial and aquatic organisms'~*. Although kinetic isotope 
effects do occur in biological systems for low mass number ele- 
ments (H, C, N), such effects are generally discounted as the mass 
number of the element increases. Thus, differential biological 
availability of isotopes of high mass number elements, such as 
plutonium, would normally be attributed to differences in the 
chemical or physical forms of the isotopes or to the different 
weights of isotope available to organisms as a result of large 
differences in their specific activities. These arguments have 
indeed been used te explain differential plutonium isotope 
behaviour in animals in controlled laboratory conditions®”’. It 
is not certain, however, that the same arguments can be used to 
explain anomalies of plutonium isotope behaviour in organisms 
contaminated by nuclear test debris or by wastes from nuclear 
fuel reprocessing plants. Plutonium activity levels, while easily 
measurable, do not approach those generally used in laboratory 
studies. In addition, geochemical weathering could conceivably 
alter any original differences in physical or chemical form of the 
plutonium. We report here the results of experiments which 
show that deposit-feeding marine worms living in sediments 
contaminated with plutonium isotopes in different ways do not 
preferentially accumulate ***Pu over *****°Pu, This is particu- 
larly significant in that the worms held in sediments contamina- 
ted in the natural environment may have been exposed to differ- 
ent chemical and physical forms of plutonium isotopes. 


814 





Table 1 Plutonium isotope ratios in polychaete worms and sediment 


Sediment sample Mean ***Pu/#****#°Pu ratios 


Worms Sediment 
Mediterranean 0.0076 +0.0030 (4) 0.0082 +0.0006 (5) 
Bravo Crater 0.10+0.02 (4) 0.082 0.004 (5) 
Windscale 0.25+40.04 (3) 0.231 +0.004 (4) 





Errors associated with the ratios are propagated at the 20 confidence 
interval. Numbers in parentheses indicate number of samples used in 
calculating mean ratio. 


We exposed polychaete worms (Nereis diversicolor) to labora- 
tory-labelled sediment, sediment collected from a former 
weapons test site and sediment contaminated by wastes from a 
nuclear fuel reprocessing plant, in an attempt to observe any 
preferential uptake of ***Pu over 2*****°Pu. To prepare our 
laboratory-labelled sediment, we added 91 nCi of **°**°Py 
(containing trace amounts of ***Pu) in either the +4 or +6 
oxidation state to 1 1 of Millipore-filtered (0.45 um) Mediter- 
ranean seawater with constant stirring. Some 200 ml of Mediter- 
ranean sediment was then introduced into the seawater and the 
slurry was allowed to mix for 2d. After settling, the seawater 
was decanted and several fresh seawater washes were performed 
to remove any plutonium not bound to the sediments. A portion 
of a core sample (23-49 cm deep) collected from Bravo Crater 
at Bikini atoll and several hundred grams of surface sediment 
collected from the Irish Sea near the Windscale fuels reprocessing 
plant on the Cumbrian coast were equilibrated for several days 
with filtered Mediterranean seawater in a manner identical to 
that of our laboratory-labelled sediment. Aliquots of all sedi- 
ment samples had easily measurable quantities of 2°*Pu and 
#99+240Py (~2 x 10" x higher than fallout levels in coastal ocean 
sediments for the lowest activity sample) and homogeneity was 
good. Since the Bravo Crater sediment was contaminated as the 
result of testing a large thermonuclear device (1954) we tested 
the homogeneity of plutonium isotopes further by leaching an 
aliquot of the sample with a dilute solution of EDTA at pH 3 and 
determined the ***Pu/*%+"°Pu ratio in portions of the leachate 
with time. No differences in isotope ratios were observed, 
suggesting that both small and large particles of the sediment 
were homogeneous with respect to both isotopes. 

Worms introduced into the sediments were allowed to accum- 
ulate plutonium for between 5 and 40d. At prescribed times 
during this interval, 5 to 31 individuals were removed from 
the sediments, rinsed several times in clean seawater and placed 
in uncontaminated Mediterranean sediments for 24h, where 
they were allowed to void their gut contents by ingesting sedi- 
ment. Finally, all sediment was removed from the organisms by 
placing them on a mat of wet algae for a further 24 h. Radio- 
chemical analyses of both worms and sediment were accom- 
plished by standard techniques’ designed to ensure the radio- 
chemical purity of the separated plutonium. Isotope ratios were 
determined by a-spectrometric techniques. 

Table 1 sets out the results of the isotope ratios observed in 
the worms and the sediments to which they were exposed. Since 
no significant differences in isotope ratios were observed in 
worms killed at different times (5, 9, 15, 25, 40d), we have 
averaged all results for each sediment type. The somewhat 
unsatisfyingly large error terms associated with the Mediter- 
ranean and Bikini worm samples result from the extremely low 
levels of plutonium ultimately taken up by these organisms’ and 
the low initial ***Pu/?**+"°Pu ratio in the sediments. Count- 
ing times for many samples approached 10 d. 

Our results indicate that at least for the polychaete worms 
studied, no preferential uptake of 2°*Pu over **°+2"°Pu occurs 
whether the sediment is labelled with known chemical forms of 
plutonium or whether the sediments contain plutonium from 
aged nuclear test debris or plutonium from fuel reprocessing 
wastes. This is in contrast to the near twofold magnification of 
**Pu over *%+249Py observed between plants and organisms 
with respect to sediment in a freshwater ecosystem contaminated 
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by nuclear fuel processing wastes‘ and the near 20-fold magnifi- 
cation observed between rodent tissue and soil in a terrestrjal 
landscape contaminated by fallout*. Although the reasons for 
these disparities await clarification, general statements regarding 
preferential bioavailability of ***Pu over **°**Pu after its 
introduction into different ecosystems should be viewed 
cautiously. It is moreover worth emphasising that naturally 
occurring a-emitting radionuclides can follow plutonium in any 
radiochemical separation scheme, and unless scrupulous atten- 
tion is paid to the radiochemical purity of the plutonium isola- 
tion technique, erroneous values for ***Pu can result*. Clearly, 
such considerations become important for environmental 
samples where plutonium activity levels are low. 

We thank N. Mitchell and F. Lowman for samples and V. T. 
Bowen for suggesting the EDTA leach experiment. The Inter- 
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Agency, the Government of the Principality of Monaco and the 
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Occurrence of plutonium and americium 


in plaice from the north-eastern Irish Sea 
SMALL amounts of transuranic nuclides are discharged routinely 
into the north-eastern Irish Sea from the nuclear fuel element 
reprocessing plant at Windscale, Cumbria. Regular 
monitoring of the marine environment, as part of the established 
control procedure is made by the Ministry of Agriculture, 
Fisheries and Food™*, primarily to ensure the radiological 
safety of the discharges in public health terms. Data on the 
partitioning of plutonium and americium between seawater, 
suspended material and sediment have already been pub- 
lished*:* and the purpose of this communication is to present a 
preliminary report of these radionuclides in the plaice (Pleu- 
ronectes platessa). This is a demersal fish of commercial im- 
portance in the area and the critical material for discharges of 
transuranic nuclides. There are few published data on the 
concentrations of plutonium in marine fish and no data for 
americium have been reported. 

During 1975 four catches of plaice were made approximately 
5 km south of the pipeline. Thirty fish—principally group III, 
25-30cm long—were selected from each catch and their 
dissected organs were bulked and ashed. Analysis for the plu- 
tonium isotopes was based on the method of Wong® except 
that concentration was obtained initially by coprecipitation on 
calcium oxalate and subsequently on neodymium hydroxide. 
Separation of americium from plutonium, and purification of 
the latter, was effected by anion exchange from a hydrochloric 
acid medium. The americium was separated from lanthanides 


by anion exchange at 80 °C using ammonium thiocyanate. Both 
e 
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Fig. 1 Monthly discharges of ***Pu, **Pu, “Pu and Am 
from Windscale for the period October 1974~November 1975 
(from returns made by British Nuclear Fuels Ltd). 


plutonium and americium were electrodeposited from a slightly 
acid ammonium sulphate medium on to stainless steel disks. 
Radionuclide content was measured by a spectrometry using a 
128-channel pulse height analyser and a silicon surface barrier 
detector (100 mm?) to ensure adequate separation of the isotopes 
from the yield tracers **Pu and *%Am. Chemical recoveries 
were > 70%. The results, +20 counting error, are given in 
Tables 1 and 29 

The highest concentration of plutonium in the internal 
organs of the fish collected in February was in the kidneys. 
Concentrations in the kidneys of fish caught later in the year, 
however, were exceeded by those in the gut. Plaice feed little 
during the winter and most of those caught in February were 
void of gut contents. The other three samples all contained 
various food species, consisting largely of Amphiura filiformis, 
which was particularly dominant in the sample collected in 
May, and several lamellibranchs including Ensis ensis, Abra 
alba, Cultellus pellucidus and Nucula turgida. Less frequent 
were Nephthys, Pectinaria and Aphrodite. The predominance of 
these species suggests that the fish had been feeding in an area 
of muddy sand, and not inshore of the pipeline". It is interesting 
that although during the summer the food intake was greatly 
increased, and the discharges of plutonium were somewhat 
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Table 2 *'Am in organs of the plaice 
Date of sample collection 
February 18, May 13, August 12, November 11, 
Organ 1975 1975 1975 1975 
Kidney 440 +50 103+15 654-5 120+14 
Liver 590 +120 186-29 3546 54+6 
Gut 160 +20 89+14 114422 122+17 
Gut contents 9304+600 6,600+540 4,940+270 7,390+36 
Gill 210 +60 128+23 310 +40 89+7 
Skin 20+8 15+2 6.2+2.8 11 +0.9 
Bone 110+50 33+9 28+6 2.1+0.5 
Muscle 2.3+0.5 1.4+0.2 0.9+0.2 0.3 +0.08 





Results are expressed in fCi per g wet weight. 


higher during the early summer (Fig. 1), neither the concen- 
tration of plutonium in the liver, nor that in the muscle, 
increased significantly. The concentrations in the gut wall, 
although higher in the samples taken after February, were 
about two orders of magnitude lower than the gut contents. 
Concentration by the gill was highest in the samples collected 
in May and August, although external contamination may have 
been variable in spite of their being well rinsed in clean water 
during dissection. 

The concentrations of **'Am in the internal organs were all 
generally higher than those of plutonium, the ratios being 
somewhat higher than those of the gut contents for May, 
August and November. The **'Am data are also interesting in 
that the concentrations in kidney, liver, muscle and bone 
decreased markedly from February to August and may well 
have been influenced by the relatively large release during 
November 1974 (Fig. 1). It is not certain, however, that the fish 
sampled during the year have been taken from the same popu- 
lation. 

Sufficient material was obtained from the fish in November to 
analyse gonad tissue. The bulked testis sample contained 
0.64 4.0.3 fCi per g wet weight *°**#°Pu and < 0.5 fCi per g wet 
weight *4!Am. In contrast, the ovaries contained 1.5+0.5 fCi 
per g wet weight *****°Pu and 9.3+3.2 fCi per g wet weight 
MAm. 

In view of the fluctuating discharges (Fig. 1) it is evident that 
a steady-state body burden will not exist for fish caught close to 
the pipeline. An accurate estimation of a concentration factor 
over seawater therefore cannot be made, and would in any case 
depend on the location of the seawater sample and the move- 
ments of the local population of plaice. Seawater samples were 
taken from the area fished during July 1975 and contained 
œl pCil™ of 29+20Pu and œ0.2 pCil of “1Am in the 
filtrate (< 0.22 um) (personal communication from D. F. 
Jefferies). Thus the approximate concentration factors over 
seawater (filtrate) for the samples of muscle collected in August 
are of the order of < 1 for *8+23Pu and œ 5 for *!Am. The 
data obtained also emphasise the very low levels of plutonium 
and americium in the edible fraction of Irish Sea plaice taken 
from the area most liable to contamination; the concentrations 
measured in fish muscle are equivalent to less than 0.01 % of 





Table 1 Plutonium in organs of the plaice 


eee 


February 18, 1975 


May 13, 1975 
239 


Date of sample collection 


August 12, 1975 November 11, 1975 


Organ 239+ U40 Py +240Pu 239+ 240P 239+ 240py 
239+ 240Py) ~ 338Py 229+ 240Py 235Py 239+ 0p) Pu 239+ 0P ssp 
Kidney 88 +32 7.0 18-46 4.9 20+4 3.2 4445 3.9 
Liver 29+9 3.9 9.1+2.8 735 5.3+0.9 4.5 18+3 3.9 
Gut 15+5 3.9 35+7 5.4 72+4 4.4 66+4 4.4 
Gut contents 540 +30 4.8 3,570 +250 4.0 2,710 +180 4.5 5,010 +200 4.3 
Gill 1344 — 450 +39 4.1 770+ 50 3.8 3848 1.6 
Skin 3.2+1.5 4.2 4.2+1.5 4.1 4.3 +0.6 4.0 2.9+0.4 3.4 
Bone 1445 3.6 2.9+1.1 6.1 2.8+0.9 iS 0.65 +-0.07 4.6 
Muscle 0.16 4-0.04 — 0.34+0.05 3.1 0.47 +0.07 4.8 0.17 +0.03 2.3 


— 


è Results are expressed in fCi per g wet weight. 
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the derived working limit, as defined by the International 
Commission on Radiological Protection’:*, based on calcula- 
tions using a dose limit to the public of 3 rem per yr and a 
maximum rate of consumption of 300 g of fish per d. 
Part of the work was supported by contract with the European 
Atomic Energy Community. 
R. J. PENTREATH 
M. B. Lovett 
MAFF Fisheries Radiobiological Laboratory, 
Hamilton Dock, 
Lowestoft, Suffolk, NR32 1DA, UK 
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Presence of a buried mammalian 
carcass indicated by fungal fruiting bodies 


Hebeloma vinosophyllum Hongo is a terrestrial agaric 
originally found in broad-leaved and conifer forests but not 
described as having any special ecological requirements’. 
It now seems that this species often fruits where a dead 
mammal has been buried. 

On August 24, 1968 I found a group of luxurious fruiting 
bodies of this species in a stand of Castanopsis cuspidata at 
Iwakura, Kyoto. The fruiting bodies appeared to be well 
nourished and covered an area of about 1,500 cm’. The sur- 
face of the ground did not seem to have been disturbed. This 
fungus had been found to fruit well only when the ground 
in forests has been dressed with urea or a similar material 


Fig. 1 a, Fruiting body of H. vinosophyllum on the super- 
ficially normal ground. b, Fruiting body together with cat bones 
taken from soil under that fruiting body. 
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which releases ammonia on decomposition’, The presence 
of fruiting bodies in an untreated area suggested that there 
might have been a source of nitrogen in the soil. AÊ a 
depth of less than 10cm I found the remains of a dog 
carcass, which consisted of bones and decayed skin, and the 
soil around the carcass contained abundant white mycelia. 

On October 8, 1975 a single well developed fruiting body 
of the same species was found in a stand of Pinus densiflora 
at Yoshida-yama near the Kyoto University campus. As 
before, the ground appeared to be superficially normal but 
some pieces of cat bone were found in the top 20cm of 
soil. The soil and bones were replaced and on October 30 
another fruiting body appeared (Fig. la). The bones were 
removed from the soil and are shown in Fig. 16. On this 
occasion denatured fatty tissue was found and there was a 
smell of decaying animal matter. As before, no flesh 
remained and the soil was whitish with mycelia. In May to 
June 1976, several fruiting bodies appeared again on the 
same spot. 

These facts do not exclude the possibility that this species 
colonises normal (untreated) soils. It is often very difficult, 
however, to determine whether or not a soil is really normal, 
since human urine and faeces, which also yield this fungus, 
leave nothing after decomposition. It is well known that 
entomogenous fungi or caterpillar fungi occur directly on 
the bodies of some invertebrates but there are no reports of 
indirect (soil-mediated) occurrences of agarics on mammals. 
The present finding may lead to speculation that a victim of 
homicide buried in soil could be located using the fruiting 
bodies of this or some other fungi, assuming the burial was 
shallow. (In forensic medicine, ‘filamentous fungi’ or ‘fungal 
hyphae’ are known to occur sometimes directly on human 
corpses or in graves’.) After urea or ammonia application 
this species appears after 3-8 months and continues to fruit 
over a period of 1-2 yr, forming part of a succession, all 
the members of which respond to this treatment, and are 
called ammonia fungi’. It is not known whether this 
species could be used to determine how long a corpse has 
been buried. 

The closely related species Hebeloma sarcophyllum Peck 
(=H. porphyrosporum R. Maire) is found in Europe, 
North Africa and North America‘. It would be interesting 
to know if this species has similar ecological requirements, 

I thank Dr R. F. O. Kemp, University of Edinburgh, for 
reading the manuscript. 
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Appetitive learning, patterned alternation, 
and extinction in 10-d-old rats 
with non-lactating suckling as reward 


HuGHLINGS-JACKSON' has expressed the view that, during 
ontogenesis, neural centres responsible for inhibition 
develop more slowly than centres responsible for excitation. 
Since then, the working hypothesis has been that the later- 
developing, phylogenetically ‘higher’ neural centres act to 
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regulate (inhibit?) the excitation of the ‘lower’ centres. 
There has been some behavioural and physiological support 
fêr this position. In altricial mammalian species the hippo- 
campus and neocortex become functionally mature 
relatively late in development’, and the hippocampus, in 
particular, has been implicated in the expression of be- 
havioural inhibition*=* Preweanling rats, during weeks 3 
and 4 of life, seem to lack maturity for tasks requiring 
suppression of responding; for‘example, they are deficient 
in passive avoidance® learning and in habituating to novel 
stimuli’® Their performance in excitatory tasks, such as 
active avoidance’ and approach for food”, seems to be less 
deficient. These task-specific deficits resemble those shown 
in hippocampally lesioned adult animals’. Campbell er al. 
have noted the correspondence between later-developing 
inhibitory centres in the rat and the decline in spontaneous 
activity occurring during ontogenesis’, and have demon- 
strated that psychopharmacological agents? and brain 
lesions" specific to inhibitory systems are ineffective in 
increasing behavioural arousal early in development. In our 
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Fig. 1 Mean approach time for animals ın experıment 1. 
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laboratory, experiments on instrumental appetitive learning 
in preweanling rats have involved the use of dry food 
pellets as reinforcers in pups as young as 17 to 20 d of age. 
In animals as young as this, we have demonstrated acquisi- 
tion, extinction, immediate persistence, and long term 
persistence using procedures that are similar to those for 
adult rats'*™™. We now report two experiments demonstrat- 
ing behavioural plasticity in the 10-d-old rat, involving 
acquisition and subsequent extinction of an approach 
response where reward is the opportunity to suck briefly 
from an anaesthetised mother rat. 

Our first experiment established that infant rats will 
quickly learn to approach when the reward is an opportunity 
to attach to a nipple of an anaesthetised mother rat for a 
brief interval, and that this learned tendency to approach 
can be successively weakened and strengthened by making 
the mother inaccessible and accessible on alternating blocks 
of trials. Our second experiment provided data from 
acquisition and extinction for two groups of subjects which 
differed in their schedule of reward in acquisition. The 
general procedure in both experiments, including depriva- 
tion treatment, was as follows: On the morning of day 10 
pups from litters culled to 8 at birth were separated from 
their mother 8h before training by being placed in a 
Plexiglas chamber partially filled “with pine shavings. 
Temperature in the chamber was maintained at 37 °C (the 
average temperature in an undisturbed nest) using thermo- 
statically controlled commercial heating pads placed under 
the Plexiglas floor. Experimental training was conducted in 
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a-.clear Plexiglas alley (32cm long and 8cm wide) also 
maintained at 37 °C. Approximately 20 min before the first 
trial, the mother received intraperitoneally a 2 mlkg™ 
injection of EquiThesin, a general anaesthetic producing a 
surgical level of anzesthesia and blocking milk release. 

. Preliminary training in both experiments consisted of 
placing each pup separately against the mother and allow- 
ing. it to attach to a nipple for 15s. At the end of this 
interval the pup was gently detached from the nipple, 
carried by hand to the opposite end of the alley, and placed 
facing away from the mother. On reward (R) trials the 
mother was positioned on her side at the end of the alley 
and the pup was permitted to attach to a nipple for 15s 
On non-reward (N) trials the mother was removed from the 
alley and the pup was picked up when. it reached the end 
of the alley. Time to the nearest 0 01 s for the pup to reach 
the end of the alley on each trial was recorded. In experi- 
ment 1 (n=5) preliminary training was followed by 5 
massed (3-s intertrial interval) R trials, a 15-min retention 
interval during which the pup was returned to the depriva- 
tion chamber, and 25 massed trials in which R and N trials 
alternated (ALT) in blocks of 5 trials, starting and terminat- 
ing with 5 R trials. In experiment 2 the initial 5 R trials and 
the retention interval were not included and two groups 
(n=6 each) were formed a 5-trial ALT group (as in the 
last 25 trials of experiment 1), and a group designated 
continuous reward (CR). Group CR was rewarded on every 
trial in the acquisition phase by access to a nipple for 15s. 
A 10-trial extinction phase began, without signal, 
immediately after the last acquisition trial. Pups meeting 
an extinction criterion of 100s on any trial were terminated 
and assigned a nominal latency of 100 for all remaining 
trials. ` 

The results of experiment 1 are shown in Fig. 1. 
Approach, time decreased sytematically over the first 5 R 
trials (P<0.05). After the retention interval, ‘savings’ was 
reflected in the first 5R trials of the ALT phase, the block 
and block-by-trials interaction effects were both significant 
(P<0.05). This was the first clear evidence of which we 
were aware of systematic acquisition of an instrumental 
appetitive response and savings in reacquistion in rat pups as 
young as 10d of age. There is also a systematic influence 
on approach times of alternating blocks of R and N trials 
across the 25 trials after the retention interval’ approach 
times decrease and increase, respectively, in the R and N 
blocks (P<0.01). 
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Fig. 2 Mean approach latencies in acquisition (a) and extiriction 
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Figure 2 depicts mean approach latencies in acquisition 
and extinction for the two groups ‘in experiment 2. 
Acquisition performance of the ALT group again reflected 
a behavioural sensitivity to 5-trial blocks of R and N trials. 
No such patterning was apparent in the CR group, where 
there was systematic reduction in approach time character- 
istic of learning across acquisition trials. Both ‘groups 
showed clear extinction of approach behaviour with 
successive non-rewards (P<0.01). The tendency for the 
ALT group to extinguish at a faster rate than CR may 
reflect an extension of the successive ‘extinctions’ in 
acquisition. 

These results implicate contact with the mother and/or 
sucking on a dry nipple as sufficient reinforcing events to 
establish and maintain approach behaviour in 10-d-old rats. 
Puerperal females under a general anaesthetic, within the 
range of dosages we used, do not demonstrate normal 
patterns of milk release from the nipple, and rarely release 
milk when stimulated by the sucking of a single pup”. We 
have not observed the characteristic milk-ingestion reflex in 
the pup while it was attached to a nipple of an anaesthetised 
mother, and we did not find an increase in body weight 
between pretraining and the end of training. It is therefore 
unlikely that the pups obtained milk during the brief 
nursing episodes. If the pups did not receive milk, some 
other feature(s) of the contact-suckling episodes must have 
served as the reinforcing stimulus. But to attribute reinforc- 
ing properties to contact-suckling we must rule out any 
distance cues—for example, odour and visual—as factors 
that strengthen and weaken the approach response. Visual 
cues are ruled out because the eyes of 10-d-old rats are not 
yet open, but the extent to which rats of this age can use 
odour cues is not clear. In the presence of a maternal odour, 
spontaneous activity in 10-d-old rats is reduced. Rats as 
young as 12 d of age, but not younger, prefer shavings from 
home cages to clean wood shavings, presumably on the 
basis of odour”. On the other hand, 10-d-old pups given a 
choice between their own mother and a nulliparous female 
show virtually no tendency to approach either one; and the 
lactating female does not begin to emit the maternal 
pheromone until about 14d post partum, which is the age 
at which the young are first responsive to the pheromone”. 
In our own data, there is nothing to suggest that odour cues 
are the basis for differential responding on R and N trials. 
Odour cues cannot account for the extinction differences 
between the two groups found in experiment 2 because 
both groups were run in identical conditions in this phase. 
These extinction differences may reflect an associative 
factor which develops differentially in the two groups in 
acquisition. As a final check on the involvement of odour 
cues in our experiments, we have replicated the basic find- 
ing of experiment 1 (ALT condition) using a procedure in 
which the anaesthetised mother is present on all trials at the 
end of the alley. The mother rat is behind a barrier which is 
raised on R trials after the pup reaches the goal box, but 
not on N trials. This procedure rules out the possibility that 
distance cues emanating from the mother on R but not on 
N trials control the patterned responding in the ALT group. 

These results suggest that the development of forebrain 
structures in the rat during weeks 3 and 4 of life may not 
be essential for at least certain kinds of learned response 
suppression. In our experiments appetitive extinction, 
suppression of approach in the absence of the ` mother, 
reflects an ‘inhibitory’ effect in rats at 10d of age; in 
experiments using electric shock, suppression of approach 
responses in rats shows up much later in development. 
Although the concept of inhibition has been applied in a 
variety of contexts, it has always lacked precise definition 
in psychology”, and psychologists, physiologists and bio- 
chemists explain a number of disparate phenomena with 
the term ‘inhibition’. Our results demonstrate that the 
infant rat can learn to anticipate the absence of a previously 
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present appetitive event at an age before recognised 
inhibitory neural centres are said to be operating. 
This work was supported by the NSF. 
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Models and statistics for species diversity 


INTEREST in the pattern of species abundances in a population 
takes two forms. On the one hand a study of the full distribution 
of the relative abundances of species may be sought to give 
insight into the internal mechanisms of the community; in other 
cases one or more summary statistics which suitably characterise 
the population may be required to investigate effects of evo- 
lutionary or environmental change. The first approach has led 
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œ Cumulative species 
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Fig. 1 Evaluation of quantile statistic, Q, from cumulative 
species abundance curve. 
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Table 1 Analysis of variance of diversity statistics for 7 replicate 
sarpples of moth catches from light traps at 14 sites in the Rothamsted 
Insect Survey 








Source of Variance mean square 
variation df. 
Simpson A Q a 
Between sites 13 0.00174 0.977 832.4 1037.5 
Within sites 78 0.00014 0.018 6.4 6.4 
Between to within 
sites variance ratio 12.1 54.0 130.5 163.1 


me 


Ability of the statistics to discriminate between sites 1s indicated by 
the size of the variance ratio, between to within sites. 
a, Diversity parameter of the log-series. 


to much argument over the appropriate mathematical form for 
the distribution of abundances, often in the belief that the 
acceptance of a particular mathematical model will tell us 
something about the causal biological mechanism. In our 
opinion, however, the primary purpose of fitting a mathematical 
model is to smooth the data and enable efficient estimation of 
population statistics from the parameters of the model; for this 
we would choose the simplest model which adequately describes 
the data. Further, there are clear advantages in fitting a single 
model to describe a series of sets of data—even if this model 
does not give the best fit to each one—rather than fitting several 
different models, as has often been suggested, particularly in the 
literature on succession. 

The use of a single diversity statistic to summarise the full 
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distribution of the relative abundances of species. has obvious 
appeal, in spite of recent criticism of many statistics in common 
use. Here again we would make no pretence at functional 
modelling but suggest that species diversity is most usefully 
regarded as a descriptive statistic for multispecies populations 
of the same type as, say, population density. Like average 
density, it is best represented by a statistic that does not over- 
emphasise the commonest or the rarest species, particularly as 
species frequency distributions are usually very long tailed. 
We have strongly criticised! the two diversity statistics in 
common use, the information statistic (ĦA) and Simpson’s index, 
because of their sensitivity to the few commonest species, the 
numbers of which we have found to fluctuate erratically from 
year to year, rather than to those more stable species with 
medium abundance. 

An alternative diversity index which does not suffer from 
these disadvantages is based on the slope of the cumulative 
species curve in the mid-range of abundances (Fig. 1). Mathe- 
matically we define 


Q = S/2 log(R:/ R) 


where S is the total number of species in the sample and R, 
and R, are the lower and upper quartiles of the species abun- 
dance distribution (see ref. 2, p. 226). Clearly, Q is much less 
sensitive to the commonest species in the sample, than H or 
Simpson’s index, and we have found that it shows smaller 
relative variability between years and discriminates better 
between different sites (Table 1). 

Fitting a model to the data enables the diversity statistics to be 


Fig. 2 Patterns of species relative abundance in old fields at five 
different stages of abandonment in southern Illinois, with 


fitted log-normal curves (data from ref. 6). 
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Table 2 Diatom samples showing replicate variability of the mid-range statistic Q evaluated directly from the data and from the parameters 





of the log-series and log-normal models (data from ref. 4) e 
Replicate i Mean Variance 
I 2 3 4 5 6 T 8 
Empirical Q 20.9 17.9 26.4 22.4 20.1 19.2 19.8 23.7 21.3 7.54 
Log-series a 19.2 18.3 20.4 19.9 20.5 19.7 18.2 19.9 19.5 0.77 
Log-normal cS*/o 21.9 20.7 24.3 21.4 23.8 22.7 21.2 23.1 22.4 1.67 


estimated much more efficiently than by direct evaluation from 
the relative frequencies. The mid-range statistic Q is par- 
ticularly simply represented in terms of the parameters of both 
the log-series and log-normal models; for the log-series Q= a, 
Fisher et als index of diversity®, whereas for the log-normal 
Q = cS*/o, where S* is the hypothetical number of species in 
the population, o is the standard deviation of logged abundances, 
and c depends on the proportion of species present in the 
sample. When all species are present, S*=S and Q=0.371S/o. 
Fitting a model enables all the information in the data to be 
utilised in estimating Q, this should result in smaller variation 
between replicates. This is shown in Patrick’s diatom samples? 
(Table 2) for which Q has been estimated directly from the data 
and from the parameters of the fitted log-series and log-normal 
models, for each of the eight replicates. The mean values of Q 
are similar for all three methods but the advantage of fitting a 
model is shown in the resulting smaller replicate variability; 
this will enable better discrimination between sites (Table 1). 
The choice of model is of secondary importance but the log- 
series parameter a shows somewhat smaller variability than the 
log-normal S*/s (Table 2), demonstrating the advantages of 
using the simpler model, even though the log-series is, for this 
series of data, nearly always a worse fit’. 
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Table 3 Change of diversity with succession ın abandoned fields in 
Southern Illinois (data from ref. 6) 





Stage of succession (yr) 1 4 15 25 40 
Information statistic, H 2.0 1.7 2.8 2.9 3.2 
Mid-range statistic, Q 56 8.4 8.0 10.0 24.1 
Number of species, S' 31 29 30 50 77 
Log-normal o 1.9 1.5 1.3 1.7 1.4 
Q = 0.371 S/o 6.2 7.1 8.4 10.7 20.6 





The importance of choice of diversity statistic is also seen in 
data by Bazzaz‘ on the change of pattern with plant succession 
in old fields in Illinois (Fig. 2). In this instance, the pattern of 
ecological succession, as summarised by May’, assumes that in 
the early stages of succession the Niche Pre-emption Model 
applies and the ranked abundances of the species may be 
expected to follow a geometric series. Later, a multiplicity of 
other factors affecting abundance come into play, and the 
distribution of species abundance moves closer to the log-normal 
form. Although this sequence of models may have theoretical 
appeal, on purely statistical grounds the use of two models 
seems unjustified, for the data seem to support just as well the 
use of the same, log-normal distributional model to fit each 
stage of succession (Fig. 2). 

Bazzaz evaluates the information statistic, H, for fields at 
each stage of succession, and argues that after an initial drop, 
diversity increases rapidly from year 5 to 15 and then only 
slowly over the remaining years (Table 3). H seems to reflect the 
relative abundance of a small number of dominant species. The 
pattern suggested by the great majority of species 1s, however, 
very different, indicating a slow initial increase in diversity 
followed by more rapid mecrease in the later stages, changes 
reflected by the mid-range statistic Q. With one common 


distribution fitted to all the data we may use the parameters 
from the model to chart the increase in diversity, described, 
not by the number of species S, or evenness o, taken individually 
but by their ratio S/o (Table 3), which more closely reflects 
the visible trend. 
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Errata 


In the article “Promotion and retardation of heat transfer 
by electric fields” by Y. Asakawa (Nature, 261, 220; 1976) 
the last sentence to the legend to Fig. 2 should read... 
The cylinder was heated within an electric furnace, and 
cooling was 1.7 times faster (b) and 1.8 times slower (c) 
than in case a. and not as printed. 


In the article “Age relationships along the Hermitage Bay- 
Dover Fault System, Newfoundland by J. Blenkinsop, P. F. 
Cucman and K. Bell (Nature, 262, 377; 1976) the figure in 
the fourth line of the first paragraph should be 400 Myr 
and not 4 Myr as printed. 


In the article by O. K. Wilby (Nature, 262, 387; 1976) the 


title should read “. . . and the effects of antibiotics .. .” 
and not antibodies as printed. 


Nature Index and Binders 


The Index for 1975 is now available, price 
£2.25. Copies of the 1974 index are still on 
sale, price £3.00. Binders for the journal are also 
available at £7.00 for four (a year of Nature fits 


into four binders). 

Postage is included in the above prices. Orders 
should be sent, accompanied by remittance to 
Macmillan Journals Ltd, Brunel Road, Basing- 
stoke, Hampshire, England. 
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Nuclear composition 
of cosmic rays 


WHEN the phenomenological constant in 
the local source mode! of Rasmussen and 
Peters! is given a more physical basis, its 
large value cannot be easily understood. 

I begin by deriving their equation (1). 
For each species i, the steady-state 
equation for the density n,°[cm~* GeV ~], 
of high energy particles coming from a 
background of uniformly distributed 
sources with strength S,°[cm~? st GeV] 
and undergoing ‘spallation is 


dn,” be) 
df 





0 = —no,cn?+5,+ 


Ynos en” 0 
J>i 


where n [cm7?] is the mean density of 
hydrogen, c is the velocity of light, and 
the cross sections 'o,; and œ [cm] were 
defined by Rasmussen and Peters. To 
write equation (1) in terms of the total 
density, n, and total source strength, S;, 
let L,[s~1 GeV —] be the mean luminosity 
of the cosmic ray sources, then 

es 

i 


n”, =n =ni, Sı = NLi/ Vo (2) 
SP ~ (1—N'/N)S: 6) 


Lift 
i $ ija 
w a nedi? 


+ 


where N is the total number of sources, 
Vo is the containment volume, L;, is the 
luminosity of and-d, the distance to the 
ath of the N' local sources, and fa is the 
enhancement from diffusion. Note that 
equation (4) pertains to stable nuclei and 
assumes negligible spallation. After sub- 
stituting equations (2)~(4), equation (1) 
becomes 








(4) 


Lfe Va\, _ KS 
- 4ncda? NL; t ne 


OCN — > @y [en;— KS;/n] 
Si j>i (5) 
n I+oakK 


(if N'/N<1). If n> S, (the relative 
strength) and n,c -> F; then equation (5) 


N -l 


becomes equation (1) of Rasmussen and 
Peters. 

Next, approximate the transport from 
a steady source by assuming isotropic, 
three-dimensional diffusion in an infinite 
medium (see ref. 2). Then the equilibrium 
value of the factor fa is given by? 


fa = (dac/D) (6) 


and, after an interval Aż, the root ‘mean 
square distance, r;ms, for newly produced 
particles is . i 


roms = (6DAD} (7) 


where D(=Xc/3) is the diffusion con- 
stant and à is the scattering mean free 
path. If spallation is negligible, the ran- 
dom path cAt must be much smaller than 
a spallation mean free path for’ the 
heaviest element injected by a source. 
Thus equation (7) implies that the 
boundary of the local source region, R’, is 


` RE = (2AE /nou)t = 180(A/n)t pe (8) 


where €=0.1 permits up to 10% 
spallation, ov(=2 barn) is the spallation 
cross section for uranium, and where the 
units for A and n are pc and cm™?. ‘Also, 
if all of the sources are: distributed 
uniformly, the mean number of local 
sources is just 


<n!) = (3 Ny (9) 





3 Ve 
= 7.2 X 1075(A/n) N 


for Vo = 10° cm’, i ee 
Rasmussen and Peters then found the 
source abundances of Li, Be, and B were 
minimised if K = 0.02 mbarn™. From 
equations (4), (6), and (9) this means 


d, = 0.90(N'Y/<N*>) AJni pe (10) 


where d, is the equivalent distance to the 
local sources defined by 


1 15L 
4nd, . N'~ 4nd, 





(11) 


Note that if the local sources were 
identical and spherically distributed, then 
equation (11) says d, = (2/3)R'(Li/L,"). 


While if there is only one local source 
d, = d(L,/L;°). ` : 

Equation (10) poses a severe problem 
for the local source model. If N'~<N°>, 
d,~ 1 pc, which implies either the source(s) 
is extremely close or extremely lumin- 
ous. If N'~30<N'>, then d, becomes 
acceptable, but the total number of 
sources becomes uncomfortably small. 
Using equation (9), such a fluctuation 
yields 2,300 sources (5 local) but with a 
probability of 9.2x 10-7 (according to 
Poisson statistics): These problems be- 
come even more severe if the enhancement 
factor, fa is set to unity. 

To summarise, the size of the pheno- 
menological constant K seems inconsis- 
tent with a physical interpretation in 
terms of source properties and distances. 
The difficulties in understanding the 
small value of d, arise because the model 
requires the local source(s) to contribute 
extremely large amounts of unspalléd C 
and O to match the observed L/M ratio. 

I thank C. McKee and R. Gordon for 
discussions. This work was supported by 
NASA. 
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The cosmic X-ray background 


Matrer-antimatter annihilation has had 
great appeal in astrophysical situations 
involving apparently overdrawn energy 
budgets. In spite of observational evi- 
dence that antimatter is no panacea’, 
annihilation theories rise periodically, 
phoenix-like, in explanation of a wide 
class of astrophysical phenomena. In a 
recent letter, Carlqvist and Laurent? 
proposed that the X-ray background 
(1-100 keV) arises from Compton scat- 
tering of starlight photons by annihilation- 
produced, relativistic electrons and posi- 
trons. We show here that the Carlqvist- 
Laurent proposal is in conflict with y-ray 
and neutrino observations. Were the 
X-ray background caused by annihilation 
produced electrons, the 100-MeV y-ray 
flux would exceed that observed® by six 
to ten orders of magnitude, the muon- 
neutrino flux would exceed the observa- 
tional upper limit* by one to five orders 


822 


of magnitude and, a flux of 511 keV 
annihilation y rays would be produced in 
excess of that observed® by up to eight 
orders of magnitude. 

To produce the cosmic X-ray back- 
ground, Carlqvist and Laurent? require 
the Universe to be filled with annihilation- 
produced electrons and positrons at a 
density ne ~ 10~ cm-%, Since, in a 
typical annihilation, roughly one y ray 
(~100 MeV) is produced for each 
electron’, the y-ray flux at Earth should be 


F, ~ cn, ~ cn, ~ 30 cm~? s™ (1) 


This predicted flux exceeds that observed? 
by some six orders of magnitude. To 
avoid this embarrassment, Carlqvist and 
Laurent? suggest that the y rays may be 
absorbed if annihilation were to occur in 
galactic nuclei instead of intergalactic 
space. Since the range of a 100-MeV 
photon exceeds the range of a 100-MeV 
electron (because of annihilation, the 
range of a 100-MeV positron is even 
shorter), it is impossible to absorb the 
y rays without, first, stopping the elec- 
trons. Furthermore, since the electrons 
are tied to magnetic fields?, they must 
pass through more material than the 
rays to escape from the annihilation 
volume. There is no way to, bury the 
y rays without also interring the electrons 
and positrons. 

Although the previous discussion shows 
that the density of annihilation-produced 
electrons must be at least six orders of 
magnitude lower than that required by 
Carlqvist and Laurent? to produce the 
X-ray background, it is of interest to 
consider two other, independent con- 
straints which support this conclusion. 

As Steigman and Strittmatter® have 
shown, a typical annihilation yields two 
detectable u neutrinos for every three 
electrons. Such annihilation-produced 
neutrinos are extremely difficult to detect 
and have been of only marginal value in 
constraining matter—antimatter theories®. 
The Carlqvist—Laurent proposal? is virtu- 
ally unique in predictmg a flux of 
u neutrinos which exceed the upper limit 
to the observed flux (Fo, (obs) <$ 3 cm~? 


s7), 


Fy, ~ Cho, S 2/3 cne ¥ 20cm-*s+ (2) 
The neutrinos, of course, will not be 
absorbed in the annihilation region. 

Finally, a relativistic positron in a 
medium of density n will annihilate in a 
time z ~ 104 n™ s, producing two 
5ll-keV y rays. The predicted flux of 
these annihilation y rays is 


Fei. S 1057 cm~? s71 (3) 


For an average intergalactic density’ 
(n ~ 10-7 cm), the predicted flix 
exceeds that observed’ (Fj, (obs) < 
2x10-* cm~? s-). In the Carlqvist- 


Matters arising 


Matters Arising is meant as a 
vehicle for comment and discus- 
sion about papers that appear in 
Nature. The originator of a 
Matters Arising contribution 
should initially send his manuscript 
to the author of the original paper 


and both parties should, wherever 
possible, agree on what is to be 


submitted. Neither contribution 
nor reply (if one is necessary) 
should be longer than 300 words 
and the briefest of replies, to the 
effect that a point is taken, should 
be considered. 





Laurent scheme?, the situation is much 
worse, however. They require the annihila- 
tion to occur in quasars or galactic nuclei 
where the ambient density is very high. 
For example, for an average galactic 
density (n ~ 1 cm™?), the 511-keV flux 
would exceed that observed’ by some 
eight orders of magnitude. Furthermore, 
every electron or positron which annihi- 
lates to produce a 511-keV y ray was 
originally produced along with y rays 
and neutrinos. Thus, the y-ray flux 
would exceed that observed by some ten 
orders of magnitudeand the -neutrino flux 
would exceed the observational upper 
limit by some five orders of magnitude! 
(The reason for the increase over our 
earlier estimates is that Carlqvist and 
Laurent? assumed that the electrons and 


‘positrons lived for ~10% yr; however, 


because of annihilation, their lifetimes are 
much shorter and, thus the original 
annihilation rate must be increased by the 
ratio of the age of the Urnitverse to the 
lifetime of the electrons.) 

It is clear that observational limits to 
the flux of annihilation products (y rays 
and neutrinos) provide serious constraints 
to annihilation as an astrophysical energy 
source!’®, Since the recently proposed? 
annihilation explanation of the X-ray 
background is incompatible with these 
limits by many orders of magnitude, it is 
untenable. 


Gary STEIGMAN 
National Radio Astronomy Observatory, 
Edgemont Road, 
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CARLQVIST AND LAURENT REPLY—In 
Steigman’s' criticism of our paper? he 
raises three points, with which we shall 
deal in order. One of these points con- 
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cerns the y rays produced by collisions of 
annihilation electrons (positrons) with 
positrons (electrons) in intergalactic sp&ce. 
Steigman believes that two 511-keV 
y rays are formed in each electron— 


‘positron annihilation. This is not correct. 


If one highly relativistic electron (posi- 
tron) annihilates on a positron (electron) 
at rest, one very high energy photon is 
produced and one photon with an energy 
in the region m.c?/2 to ~ m.c®. Conse- 
quently no discrete y line is formed but a 
continuous spectrum. Steigman further 
uses a value of 10-? cm~? as the average 
intergalactic particle density, which is 
rather the density of smeared out galactic 
material. The true intergalactic density is 
not known. It should be pointed out that 
there is no reason why electrons and 
positrons must penetrate galaxies, which 
may be shielded by their magnetic fields. 

A second point that Steigman raises 
concerns the production of y rays in 
connection with the proton-antiproton 
annihilation. His objection here is based 
on a homogeneous model and does not 
apply to the model used by us. If annihila- 
tion occurs as a result of collisions be- 
tween matter and antimatter objects which 
are sufficiently dense, most of the y rays 
from the annihilation will be absorbed by 
the objects themselves*4, The annihilation 
electrons and positrons may, on the other 
hand, be temporarily confined by magnetic 
fields to regions with a much lower 
density than in the surroundings and then 
be released into intergalactic space. One 
cannot therefore state categorically, as 
Steigman does, that the y rays cannot be 
absorbed without stopping the electrons 
and positrons. 

Steigman’s third point ‘concerns u neu- 
trinos formed on annihilation. He has 
used our suggestion to estimate the flux, 
and finds that it exceeds the measured 
number by one order of magnitude. It 
should be stressed that this estimate is 
necessarily very uncertain for two reasons. 
First, we have calculated the electron 
density only to an order of magnitude; 
and secondly, it is questionable how much 
value one should attribute to the old 
experiments referred to. 

Finally it should be pointed out that 
Steigman has implicitly assumed an 
homogeneous cosmological model. If, 
however, the metagalactic model®’ is 
adopted, neutrinos and y rays created 


long ago would have escaped through the 


boundary of the system. 

In itself it is legitimate to use specific 
models but Steigman uses specific models 
in an illegitimate way to draw general 
conclusions. ! 
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Games of chance and necessity 


Das Spiel: Naturgesetze Steuern den 
Zufall. By Manfred Eigen and Ruthild 
Winkler. Pp. 404. (R. Piper: Munchen 
and Zurich, 1975.) DM38. 


Topay, we are very far from the ideals 
of classical science centred on stability 
and permanence. We now see that such 
qualifications apply only to very limited 
aspects. Wherever we look, we dis- 
cover evolutionary trends leading to 
diversification and increasing com- 
plexity. The monograph by Eigen and 
Winkler provides us with an excellent 
introduction to this new, more 
dynamic, vision of the physical world. 

Dr Eigen is one of the key figures 
in contemporary physical chemistry 
and molecular biology, but the present 
work goes far beyond the field to which 
Eigen has made important contribu- 
tions. It spans an extraordinarily wide 
range from fundamental concepts in 
mathematics and theoretical physics 
such as game theory or symmetry, to 
problems of aesthetics and epis- 
temology. It shows that a synthetic 
approach to both the scientific and 
cultural problems of our time is still 
possible. 

The central theme is self-organisa- 
tion. How can complexity arise spon- 
taneously? The approach taken by the 
authors is clearly indicated in their 
Preface: “. . . All happenings in our 
world are similar to a big game in 
which only the rules are fixed a 
priori . We consider the game to 
be the natural phenomenon which, with 
its dichotomy of chance and necessity, 
is the basis of all change” (translation 
by the reviewer). This starting point 
leads to the search for unity in nature 
“as revealed by relationships between 
structures” and for unity between 
nature and spirit “as revealed by the 
existence of languages both in mole- 
cular biology and in human communi- 
cation”. The central theme, Nature as 
a game, is analysed using many 
examples. 

It is impossible to analyse in detail 
the content of this monograph, which 
is subdivided into four parts, covering 
the simplest situations which game 
theory and physics can analyse, and 
ranging to problems of ecology, linguis- 


tics and aesthetics (the chapter on 
music is specially informative and 
original). 
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I. Prigogine 











Ruthild Winkler and Manfred Eigen 





The concept of game (or play) is 
taken as the basis of both the unity and 
the self-organisation of the physical 
world. This theme is a recurrent one 
in the German Natur Philosophie of 
the romantic period (Histoire de la 
Philosophie, III, Encyclopedie de la 
pléiade, Gallimard, 1974). According to 
this view, game (or play) is the very 
expression of the creativity of Nature. 
It is interesting to note the contrast 
between the intellectual atmosphere of 
Eigen and Winkler’s book with that of 
Monod’s classic Chance and Necessity 
(Editions du Seuil, 1970). Monod 
stresses the analogy between living 
beings and chemical machines, and this 
analogy is repeated several times. 
Monod is, in fact, following in this 
respect the mechanistic cartesian tradi- 
tion so strong in French thought. It 
is not surprising that, starting from 
this view, he has great difficulties in 
incorporating adaptation and biological 
evolution in his theory. Life appears 
as a phenomenon existing de facto but 
not de jure, as its presence can only 
be understood in terms of extremely 
unlikely, even unique, events. 

Eigen and Winkler avoid, from the 
beginning, such difficulties as games 
having both deterministic and stoch- 


astic aspects: the rules are given in a 
ceterministic fashion, whereas the time 
sequence of events contains stochastic 
elements. Instead of opposing chance 
and necessity, Eigen and Winkler show 
how these two aspects may cooperate 
to produce the complexity and diversity 
we observe in Nature. 

Obviously, in a book devoted to a 
synthetic view of Nature the problems 
are of such a wide range and depth 
that different opinions may be held. 
This is only one more positive aspect 
which must be credited to the authors. 

For example, it is difficult to accept 
the postulate of Eigen and Winkler 
that long time processes may all be 
identified with games. Games are 
mathematically associated with semi- 
groups, such as those involved in 
Markov processes. On the other hand, 
classical and quantum mechanics lead 
to dynamic groups, involving unitary 
transformation. The transition from 
dynamic groups to games contains all 
the difficulties of going from dynamics 
to the theory of probabilities. There is 
no reason to believe that the descrip- 
tion of the motion of a harmonic 
oscillator will ever need new elements 
over and above those contained in 
dynamics. Inversely, there is no reason 
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to believe that probabilistic laws such 
as those describing Mendels laws 
will ever be reduced to deterministic 
schemes. We now begin to understand 
that a minimum amount of complexity 
will lead to the introduction of 
stochastic elements where long time 
scales are involved (J. Moser, Stable 
and Random Motions in Dynamical 
Systems, Princeton University Press, 
Princeton, 1974). It seems that no 
reduction of Nature to a single funda- 
mental level (either law or game) is 
possible. We have to accept a more 
complex situation involving the con- 
tinued interplay between multiple levels 
(such as the interplay between macro- 
scopic and microscopic levels empha- 
sised by Bohr and Rosenfeld). 

Also, the distinction between rules 
and events as used by Eigen and 
Winkler seems to be somewhat too 
rigid. In particular, when dealing with 
problems involving human behaviour, 
we cannot really speak of given rules. 
The games are so highly non-linear 
that essentially the rules themselves 
become situation-dependent. A well- 
known example is that of traffic flow, 
in which the strategy of the drivers 
depends on the specific situation (I. 
Prigogine and R. Herman, Kinetic 


Theory of Vehicular Traffic, American 
Elsevier, New York, 1971). 

An important feature of the book 
by Eigen and Winkler comes from the 
fact that it shows how to go heyond 
the classic paradigms of molecular 
biology. Molecular biology has essen- 
tially been aiming to identify and 
isolate the characteristic biomolecules. 
Because of the very success of 
molecular biology it becomes today 
possible to proceed in new directions, 
and to relate structure on the super- 
molecular level to the characteristic 
properties and interactions of these 
biomolecules. To do so we need 
as emphasised by Eigen and Winkler, 
both conservative and dissipative 
structures. Conservative structures 
arise mainly through short range 
interactions (valency and van der 
Waals’ forces), whereas dissipative 
structures result from chemical kinetics 
and transport processes if suitable con- 
ditions are satisfied. An essential 
feature of dissipative structure is that 
they depend on the system as a whole, 
or alternatively that they are similar to 
long range forces that lead to 
coherent behaviour. 

Interesting chapters are devoted to 
the laws of population dynamics and 
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to Darwinian evolution theory. Again, 
many points deserve a more detailed 
discussion. Can Darwinian  theery 
really reduce to a model of molecular 
kinetics involving competition, similar 
to that operating for macromolecules? 
It seems to me that the position of 
Eigen and Winkler is somewhat opti- 
mistic, since the molecular mechanism 
of genetic fluctuations on one side and 
the laws of ecology on the other are 
still far from being clarified. 

Still, it is interesting to apply models 
to specific situations, as in Eigen’s 
original work, to be able to attach a 
precise meaning to concepts such as 
the survival of the fittest. 

There is a deep concern with human 
fate. To quote Eigen and Winkler: 
“Man is neither a mistake of Nature 
nor is Nature taking care automatically 
of his preservation. Mankind is par- 
ticipating in a big game the result of 
which is still open. Man has to develop 
his potentialities to assert his role as a 
player in order not to be reduced to 
a mere object of chance” (translation 
by the reviewer). o 


Professor Prigogine is Professor of 
Physics at the Free University of 
Brussels, Belgium. 





Lay guide to 
mircobiology 


Invisible Allies: Microbes and Man's 
Future. By Bernard Dixon. Pp. 251. 
(Temple Smith: London, May 1976.) 
£4 


Ir was difficult for me, now approach- 
ing the end of a career in micro- 
biology, to judge a book intended for 
lay-people. Too often ‘nit picking’ inter- 
vened. The opinion which follows is 
partly my own and partly that of 
friends and relations, all lay-people 
(except for an acquaintance with me). 
The title of the book underlies an ad- 
mirable intention. That is, it seeks to 
dispel the attitude, still too common 
even in our new students, that sees 
microbiology in terms of medicine and 
thus all microbes as enemies. How dis- 
appointing, for instance, was the BBC 
Television series Microbes and Man in 
this respect: Dixon’s book might well 
form the basis of a remedial pro- 
gramme. The treatment has less 
detailed biology than that out of the 
classic Microbes by the Million and is 
possibly less professional than John 
Postgate’s Microbes and Man (obli- 
gatory for our first-year students). 
Dixon’s book should be obligatory to 
all lay people with a spark of interest 
in their own rejationship to the living 


world. After a brief, rather sketchy 
description of microbes, it goes on to 
describe their role in the biological 
production cycle, and their exploitation. 
Besides having value in their own right 
microbes now play an important role 
in experimental biology; this, and 
especially the advances in molecular 
biology, are well treated but some of 
the ‘examples used in talking about 
evolution could have been more rele- 
vant. Microbial infection, so often seen 
as an all-or-none process, is placed in 
the perspective of ecology. Aspects of 
microbiology now causing alarm such 
as germ warfare and genetic engineer- 
ing are briefly discussed. A general 
criticism was of the rather concentrated 
writing and the lack of good diagrams 
or other illustrations. These un- 
doubtedly would have improved the 
book considerably and reduced the 
concentrated wordiness, provided time 
for reflective pauses and given some in- 
dication of the scale of industrial pro- 
cess. 

If a good book is one that helps a 
change of mind then this is undoubt- 
edly a good book. My copy will be to 
hand to press on those who wonder 
how I have spent my time and their 
taxes, D. E. Hughes 


D. E. Hughes is Professor of Micro- 
biology at University College, Cardiff, 
UK. 
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Ultrastructural 
masterpiece 


Ultrastructure and The Biology of 
Plant Cells Pp.312 (49 plates). £27.50. 
Plant Cell Biology: An Ultrastructural 
Approach. Pp.280. £2.75 paper. By 
Brian E. S. Gunning and Martin W. 
Steer. (Arnold: London, 1975.) 


THERE is currently available a number 
of books dealing with the ultrastruc- 
ture of plant cells, each of which 
provide a series of excellent electron 
micrographs. They are, however, often 
flawed by an indifferent text. The pair 
of books presented here are a welcome 
exception. The smaller student book is 
derived from the other (a reference 
tome), and they collectively represent a 
masterpiece. The authors have been 
wholly successful in the enormously 
difficult task of illustrating the dynamic 
nature of cell structure using the essen- 
tially static medium of ‘electron micro- 
scope snapshots. 

The major book, although hideously 
expensive, is beautifully produced; and 
the photographs, collected together at 
the end, are superb. There are 49 
plates, almost all of which comprise 
multiple montages; and virtually every 
conceivable aspect of plant cell struc- 


ture, from general features common 
to all cells, to specialised structures, 
such as cuticles, pollen grains and 
glands are represented The illustrated 
material is amply supported by an ex- 
tensive and erudite text which deals 
with the subject at a very high level— 
not really suitable for students—but of 
great value to university teachers and 
research workers. 

The book begins, as is almost obli- 
gatory with this topic, by describing in 
detail the various methods used to 
prepare, section and visualise plant 
material, giving due emphasis to the 
advantages and shortcomings of all 
the techniques. After a general chapter 
on cell structure with particular 
reference to membranes, the coverage 
subsequently works from the outside 
inwards—that is, cell wall and plasma 
membrane, vacuole and tonoplast, 
nucleus, endoplasmic reticulum, Golgi 
apparatus, mitochondria, plastids, 
microbodies and sphaerosomes, micro- 
tubules and microfilaments, and cell 
division. As may be expected from 
these authors, the chapter on plastids 
is particularly rewarding, with a 
masterly coverage of the structure of 
the granum and the prolamellar body. 
This chapter, however, is merely a 
prominent peak in a high mountain 
range. I was particularly impressed by 
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the careful attention of the authors to 
comparative sizes of cell constituents. 
The book is finished off with a 
scholarly treatment of the cell as an 
integrated unit and a very comprehen- 
sive list of references. 

The smaller book is in reality a 
reprint of the 49 plates of the larger 
book together with the figure legends 
and a minimum of extra text. As a 
book for students it is likely to be quite 
useful, although it could have been 
improved by the addition of a précis of 
the text from the larger book. It 
seems rather remarkable that the 
figures of the larger book can be put 
on sale for one-tenth of the price of 
the whole book, when we are always 
being told that half-tone reproduction 
is extremely expensive. Publishing 
houses clearly move in a mysterious 
way... 

Apart from the price, the larger 
book is an excellent buy and lecturers 
might well consider using it as a basic 
text, recommending their students to 
use the cheaper version with the photo- 
graphs. Harry Smith 


Harry Smith is Professor of Plant 
Physiology in the Department of 
Physiology and Environmental Studies 
at the University of Nottingham, UK. 





Optical multilayers 


Optics of Thin Films. (An Optical 
Multilayer Theory.) By Zdenek 
Knittel. (Wiley Series in Pure and 
Applied Optic.) Pp, 548. (Wiley- 
Interscience: London and New York, 
February 1976.) £15; $33. 


THE appearance of this volume is 
timely. Since the appearance of the 
first book on this subject, in 1955, 
considerable developments have 
occurred, and the optical multilayer 
has become a normal—and in some 
cases crucial—component in many 
optical systems. With the availability 
of computers, multilayer calculations 
have become straight-forward and 
great progress has been made in auto- 
matic design routines in which the 
computer is given the desired reflec- 
tion-transmission curve and is asked 
to determine appropriate layer thick- 
nesses. Dr Knittl’s long experience 
in the optical industry has put him 
in a strong position to write with 
authority on the many developments 
of the past twenty years. Many of the 
methods described enable an insight 
to be obtained on the way in which 
multilayer properties are influenced 
by changes in particular layers. Such 
methods can assist in design prob- 
lems without the need for mammoth 


number-crunching powers and can 
serve for many simple systems. A 
useful section is included on inhomo- 
geneous layers which still remain to 
be fully exploited in the practical 
field. 

The book will form a useful 
reference work for the multilayer 
designer. There are one or two un- 
fortunate features which make for 
difficulties in reading. In the text, 
the boundaries between layers are en- 
visaged as being in a vertical plane, 
so that waves are described as going 
towards right or left, whereas in 
figures the boundaries are shown as 
horizontal planes. Some graphs have 
no labels on the axes and in some 
cases too little information is given 
to understand readily the significance 
of graphs bearing several curves In 
one example, curves are given for an 
anti-reflecting system embedded in a 
medium of refractive index 12—a 
curious choice in view of the absence 
of any real material with this value 
of refractive index. These are, 
however, fairly minor points. 

O. S. Heavens 


O. S. Heavens is Professor of 
Physics at the University of York, 
UK. 
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obituary 





Harry Nyquist, widely known for his 
theoretical studies and practical inven- 
tions in the field of communications, 
died on April 4 at the age of 87 in 
Harlingen, Texas. Born in Nilsby, 
Sweden, on February 7, 1889, Nyquist 
was the son of Lars and Katarina 
Nykvist. He emigrated to Minnesota 
in 1907 and taught at the Southern 
Minnesota Normal School in Austin, 
Minnesota. Nyquist earned his BA, BS 
and MS degrees from the University 
of North Dakota, and in the summers 
worked at the National Bureau of 
Standards and the US Patent Office. 

He joined the American Telephone 
and Telegraph Company in 1917, 
shortly after he had obtained his PhD 
in physics from Yale University, and 
moved to the Bell Telephone Labora- 
tories in 1934. 

From 1917 to 1921 he worked prim- 
arily on the development of the 
metallic telegraph system and methods 
of measuring telegraph distortion. 
From 1921 to 1935 he devoted consider- 
able time investigating television tech- 
niques, and worked on projects aimed 
at extending and improving long- 
distance telephone circuits. 

After 1935, Nyquist devoted most of 
his time to research work where he 
applied his broad knowledge and 
analytical ability to the most difficult 
of challenges in the field of communi- 
cations development. For the two years 
before his retirement in 1954 he was 
Bell Laboratories’ Assistant Director of 
Systems Studies. 

Nyquist was awarded 138 patents 
during his 37 years with the Bell 
System. Many of his inventions and 
theories are widely accepted as funda- 
mental to voice, picture and data 
transmission. His discovery of the con- 
ditions necessary to keep feedback 
circuits stable, the ‘Nyquist Criterion’, 
brought him widespread acclaim. It is 


used not only in the study of electronic 
devices, such as amplifiers, but even in 
the study of human regulating pro- 
cesses—for example, to describe the 
way in which a person steers a car. 

He gave the first quantitative ex- 
planation of thermal noise, and 
through theoretical analysis determined 
the minimum band of frequencies re- 
quired to transmit various kinds of 
communication signals. These studies 
laid the foundation for modern in- 
formation theory and data transmis- 
sion. In the television field, Nyquist 
invented a method of transmission 
used in broadcasting today, and also 
discovered a way to correct delay dis- 
tortion of TV images. 

Among the many honours Nyquist 
received were: the Mervin J. Kelly 
Award of the AIEE (1961), the 
National Academy of Engineering 
founders Medal (1969) and the Rufus 
Oldenburger Medal from the ASME 
(1975). 


Harald Trap Friis, a pioneer in the 
development of radio communications 
and an initiator of microwave radio 
transmission and radio astronomy, died 
on June 15. He was 83 years old. 

Friis was born in Naestved, Den- 
mark, February 22, 1893. He attended 
the Royal Technical College in Copen- 
hagen, where he received his Electrical 
Engineering degree in 1916 and his 
Doctorate in Science in 1938. From 
1917 to 1918 he worked as Technical 
Advisor at the Royal Gun Factory in 
Copenhagen. In 1919, upon receipt of 
a Fellowship from the American- 
Scandinavian Foundation, he moved to 
the United States to study at Columbia 
University. | 

In 1920 Friis joined the Western 
Electric Company’s research depart- 
ment, the predecessor organisation to 
Bell Laboratories, and in the twenties 


he designed the first commercial 
‘double - detection super - heterodyne 
broadcast radio receiver’, the fore- 
runner of present-day radios. In 1923, 


«Friis spent several months in England 


devising receivers for a long-wave 
transatlantic telephone link. In the dec- 
ade that followed he is credited with 
designing a receiver that automatically 
compensated for fading signals, an im- 
proved directional antenna, and 
methods for recording static and 
measuring fading shortwave signals. 

His most famous achievement was, 
however, in the design of antennae. 
One designed by Friis together with 
Bell Labs colleague, Karl Jansky, was 
the first to detect ‘star noise’ in 1932— 
the birth of radio astronomy. The 
rhombic antenna designed by Friis and 
another colleague, Edmond Bruce, 
found worldwide use in shortwave radio 
telephony, and yet another of his 
antennae—the Multiple Unit Steerable 
Antenna—made it possible, Friis said, 
“to unravel the phenomena of short- 
wave transmissions”. He was the co- 
author of the book Antennas: Theory 
and Practice (1952). f 

In 1938 Friis moved from shortwaves 
to microwaves and created the horn- 
reflector antenna, now seen on tower 
tops all over the country. During this 
period Friis put together the basic ele- 
ments of a microwave telephone 
system. A year after the end of the 
war, the first experimental microwave 
circuits based on Friis’ designs were 
installed for domestic use and today, 
Bell System microwave radio facilities 
provide some 380 million miles of long 
distance telephone circuits. 

Following his retirement, Friis spent 
10 years as a research consultant to 
the Hewlett-Packard company in 
Palo Alto, California. He published an 
autobiography, Seventy Five Years in 
an Exciting World in 1971. 








announcements 





Meetings 


September 9-10, 565th Meeting of the 
Biochemical Society, Stirling (The 
Meetings Officer, The Biochemical 
Society, 7 Warwick Court, Holborn, 
London WCIR SDP). 


September 15-17, Herbicides and Fun- 
gicides, Factors Affecting Their 
Activity, Bangor, Wales (Dr S. Turner, 


Reckitt and Colman Pharmaceutical 
Division, Dansom Lane, Hull HU8 


TDS). 
October 11-13, Transportation and 
Communications, Genoa (Segretaria 


Generale IIC, Villa Piaggio, Via Per- 
tinace-16125 Genova, Italy). 

October 22, Human and Animal Endo- 
parasites, London (The Assistant Sec- 
retary, Society of Chemical Industry, 


14 Belgrave Square, London SW1X 
8PS). 

November 15-26, Weather Forecasting 
in Africa, Dakar, Senegal (The Secre- 
tariat, WMO, Geneva, Switzerland). 


November 19, The Newer Applications 
of Pyrethroids, London (The Assistant 
Secretary, Society of Chemical Indus- 
try, 14 Belgrave Square, London 
SW1X 8PS). 
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